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ABSTRACT 

The difficulties in studying the cause-and-effect relationships between performance levels of neighboring Air Navigation 

Service Providers (ANSPs) stem from the multitude of different relations from which they are made. Monitoring of 

performance spill-over effect between neighboring ANSPs represents highly relevant business activity within domain of 

strategic planning and development of the Air Traffic Management (ATM) system. Within the ATM domain performance 

spill-over represents an exogenous factor that occurs when decision-made, phenomenon or some situation begins to affect 

another geographical area, organization, situation or group of people in an unpleasant or unwanted way. The most obvious 

examples are reflected when significant events occur. During an event such as Eyjafjallajökull volcano eruption, airspace 

closure due to military activities, periods of airspace saturation or during Air Traffic Control (ATC) industrial actions 

performance spill-over effect can be far more easily spotted. In that respect, this paper presents the research findings of 

monitoring of performance spill-over effect occurrence within the ATM system in Europe from a capacitive viewpoint. 

By studying three specific events triggered by different causes (ATC capacity shortage, ATC industrial action and ATC 

equipment failure), the paper simultaneously provides insights on the performance spill-over effect and on the resilience 

of the ATM system in Europe - both of which are highly relevant within domain of its strategic planning and development. 

Keywords: Air Traffic Management; Strategic planning and development; Airstat; performance spill-over effect

1. INTRODUCTION 

The convention on International Civil Aviation (known 

as Chicago Convention) states that every Member State 

has complete and exclusive sovereignty over the 

airspace above its territory [1]. Member States that do 

not have ANSP, delegate Air Navigation Service (ANS) 

provision to other Member State. Thus, in Europe, at 

relatively small geographical area, operates a relatively 

high number of ANSPs. As a result, the performance 

level of every ANSP in Europe may, in different 

performance areas, have a major or minor impact on the 

performance level of an entire ATM system in Europe 

[2]. 

Like any other system, the ATM system can be more or 

less efficient. However, the aviation industry is a capital-

intensive industry. Hence, the scale of inefficiency 

caused by the inefficiency of the ATM system can be 

quite significant. For instance, it is estimated that every 

minute of Air Traffic Flow Management (ATFM) delay 

generates a network average cost of 100 EUR [3]. 

With a goal to maximize the efficiency of the ATM 

system in Europe, strategic planning and development at 

a national, local and regional level are continuously 

being performed. The main purpose of strategic planning 

and development is to create or obtain relevant 

information required for the purposes of decision-

making processes. 

In order to be able to spot, but also create changes and 

initiate trends within the ATM system, those dealing 

with the strategic planning and development, 
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performance management and change management 

within the ATM domain should have relevant data, 

information and knowledge on endogenous and 

exogenous factors affecting ANS provision. That is of 

high relevancy as ANS provision represents a business 

activity where very few things are certain. That 

uncertainty frequently stems from exogenous factors 

coming from ANSPs’ business environment. 

Uncertainty of the business environment implies a 

situation in which decision-makers perceive their 

business environment, or part of it, as unpredictable.  

The establishment of the Single European Sky (SES) 

made performance data highly available. Thus, 

nowadays there is a need for know-how required to turn 

large sets of performance data into useful information. 

Within the ATM system in Europe, the uncertainty of the 

business environment is often a result of its dynamism. 

There are many causes initiating the dynamism of 

ANSPs’ business environment. Consequently, that 

makes the strategic planning and development of the 

ATM system in Europe by no means an easy business 

task. By studying three specific events from a capacitive 

viewpoint, triggered by different causes, this paper 

presents research findings of monitoring of performance 

spill-over effect within the ATM system in Europe. 

Also, it provides a brief review of the performance 

management within the ATM system in Europe followed 

by a description of the performance spill-over effect 

within the ATM system. Before concluding a paper, 

research determinants are specified, the main outcomes 

are presented and briefly discussed.  

2. PERFORMANCE MANAGEMENT 

WITHIN AIR TRAFFIC MANAGEMENT 

Performance management is one of the main functions 

supporting strategic planning and development of the 

ATM system - which deals with planning of a medium 

to the long-term range [4]. As compared to earlier, it is 

nowadays easier to deal with performance management 

within the domain of the ATM system. Technological 

advances, the definition of Key Performance Areas 

(KPAs), indicators (KPIs) and their metrics, the adoption 

of open-access frameworks combined with greater data 

availability can be cited as the main reasons for the 

aforementioned. Establishment of Performance Review 

Body (PRB) and Performance Review Unit (PRU) can 

be also listed as contributing factors. PRB is established 

to support the European Commission in the 

implementation of the Performance Scheme, while PRU, 

as part of the European Organization for the Safety of 

Air Navigation (EUROCONTROL), is responsible for 

data sharing and a public reporting of the number of 

KPAs and KPIs. 

The complexity of performance management within the 

ATM system in Europe stems from various aspects and 

sources. In principle, the performance level of every 

ANSP is a result of exogenous and endogenous factors. 

Exogenous factors are outside ANSPs’ control, while 

endogenous factors are those entirely under ANSPs’ 

control [5]. For instance, exogenous factors of every 

ANSP include legal and socio-economic conditions 

(e.g., taxation policy, exchange rates, cost of living etc.), 

operational conditions (e.g., traffic patterns, Area of 

Responsibility (AoR), weather conditions, traffic 

variability etc.) and governance arrangements including, 

among others, international requirements required by the 

SES initiative. Endogenous factors include financial 

aspects, organizational factors and aspects of the 

operational and technical setup of every ANSP. 

Performance management within the ATM domain in 

Europe is based on a regulatory framework introduced 

to support the realization of the SES initiative. On the 

one hand, that has delivered certain benefits. However, 

on the other hand, it had irreversibly determined the 

further direction of the ATM system development. As a 

result of their close connection, a flaw in the regulatory 

framework reflects also as a flaw in performance 

management, i.e., of strategic planning and development 

of the ATM system. Figure 1 shows a simplified 

overview of the performance valorization framework 

applicable within the ATM domain in Europe. 

3. PERFORMANCE SPILL-OVER EFFECT 

One of the characteristics of the ATM system in Europe 

is that national ATM systems are not independent of 

their neighbors. Data review indicates that by applying 

the criterion of whether the ANS was provided to an 

international or domestic flight, in 2018 94.05% of the 

total ANS provided in Europe were delivered in 

cooperation with at least two neighboring ANSPs [6]. 

From a capacitive viewpoint, the performance spill-over 

effect between neighboring ANSPs may occur as a result 

of certain ATFM irregularities. Even though they may 

occur in one part of the ATM network such events may 

reflect also on remote geographical areas. However, a 

more significant impact is likely to be reflected in areas 

(known as first-order neighbors) closer to the site with 

ATFM irregularities. For instance, due to capacity 

shortage in a certain geographical area, it becomes 

detached from neighboring areas that do not face the 

issue of capacity shortage. In such a way area with a 

capacity, shortage represents a spatial outlier. 

The repercussion of the performance spill-over effect 

manifests in a way that the aircraft fly through one of the 

neighboring areas instead through the originally 

planned, but capacity-saturated area. Thereby, the 

significance of repercussions depends on the 

significance of the event occurred. Figure 2 shows an 

example of repercussions of such event. The 

repercussions of performance spill-over effects include 

the generation of various effects. Most often they have a 

detrimental effect on the environment and contribute to 

higher operational costs for Airspace Users (AUs). 

Therefore, ANSPs, AUs and National Supervisory 

Authorities should monitor the occurrence of 

performance spill-over effects on a daily basis. Primarily 

with the goal to cope with the business risks and
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 dynamism of their business environment [7].  

 

Figure 1: Simplified overview of the performance valorization framework 
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Figure 2: Simplified overview of performance spill-over effect manifestation on neighboring ANSPs 

 

4. CAPACITY-BASED ASSESSMENT OF 

PERFORMANCE SPILL-OVER EFFECT  

4.1. Research conceptualization 

The conceptual framework adopted within this research 

is based on the application of the top-down approach in 

a way that the whole network has been analyzed first. 

Later on, research interest was placed on specific AoRs. 

The same approach has been applied to three separate 

events studied from a capacitive viewpoint in order to 

obtain a better insight into the performance spill-over 

effect. Accordingly, macro-level studies have covered 

the evaluation of performance levels of 38 ANSPs, while 

meso-level studies have included valorization of the 

effects of studied events. Figure 3 shows an overview of 

the geographical scope and boundaries of ANSPs’ 

AoRs. 

4.2. Tools applied 

Monitoring of performance spill-over effect between 

neighboring ANSPs has been enabled by the utilization 

of desktop application Airstat. It represents a Geo-

Business Intelligence (Geo-BI) solution developed 

based on the research of Rezo et al. [8-10]. By taking 

advantage of various integrated performance modelling 

techniques and approaches, it derives understandable 

insights from massive, dynamic and often ambiguous 

performance data sets and synthesizes business 

information. As such, it supports evidence-based 

decision-making processes and enables data-driven 

argumentations. Also, its utilization brings several 

benefits to its users - ranging from a better understanding 

of complex relationships of endogenous and exogenous 

factors to the opportunity to evaluate the effects of 

various events, decisions and projects relevant within the 

domain of strategic planning and development of the 

ATM system in Europe. 

4.3. Materials used 

In order to determine the performance spill-over effect 

between neighboring ANSPs from capacitive viewpoint, 

en-route (ENR) ATFM delay, denoting lack of ATC 

capacity, had been used as a reference KPI. All studies 

were conducted based on the input data obtained from 

the EUROCONTROL/PRU by using the 2016 NM 

v.20.0 software. Input data had been validated and 

verified by the data originator. Also, it had been subject 

to post-ops performance revision. Figure 4 shows ENR 

ATFM delay distribution of events further studied 

within case studies. 

 

Figure 3: Spatial overview of studied geographical scope 
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Figure 4: ENR ATFM delay distribution of studied events 

4.4. CASE STUDY: ATC capacity shortage 

Many successful aviation businesses manage to develop 

because they understand their business environment. 

Within the ATM system in Europe, it is of strategic 

importance to understand the business environment, 

know-how and when to optimize performances in 

respect to exogenous factors from the business 

environment.  

In principle, airspace represents a limited resource and 

the way it is organized and managed has a strong impact 

on the airspace capacity. In the events when it is 

anticipated that the traffic demand will exceed declared 

ATC capacity, after coordination with Flow 

Management Position (FMP), the Network Manager 

Operations Centre (NMOC) decides on the activation of 

ATFM regulation(s). These regulations are imposed to 

adjust demand to the capacity of a given Area Control 

Centre (ACC). In such a way, ATFM regulation 

represents a safeguard method applied to match traffic 

demand to available ATC capacity. Thereby, ENR 

ATFM delay and associated costs represent one of the 

most obvious indicators of inefficiency in airspace and 

air traffic flow management from a capacitive 

viewpoint. 

The first case study has included a study of performance 

spill-over effect between Department of Civil Aviation 

of Cyprus (DCAC) and neighboring ANSPs. A research 

motivation for a study was the frequent occurrence of 

ATC capacity shortages in the Nicosia Flight 

Information Region (FIR). DCAC represents a State-

owned entity, i.e., government department of the 

Ministry of Transport, Communications and Works. For 

years DCAC represents spatial outlier from capacitive 

viewpoint [11] and as such acts as an entry-exit 

bottleneck of the South-East Axis. In 2018, because of 

significant capacity-demand imbalance, AUs had faced 

a significant amount of ENR ATFM delay and additional 

operational costs in AoR of DCAC. Thereby, during 

August 2018, DCAC has generated the highest amount 

of average ENR ATFM delay per flight in that year. 

Hence, the last 20 days in August 2018 were selected as 

the reference period to be studied. Measured by Local 

Indicator of Spatial Autocorrelation (LISA) and Global 

Indicator of Spatial Autocorrelation (GISA), Figure 5 

depicts research findings of the comparative assessment 

of DCAC and network tendency towards spatial 

clustering. Figure 6 shows results of evaluation of 

DCAC’s performance level during same period in 

respect to its business environment - denoted as spatial 

lag. 

 

Figure 5: Comparative overview of DCAC and network 

performance in respect to spatial clustering tendency 

 

Figure 6: Performance spill-over effect occurrence 

between DCAC and its first-order neighbors 

4.5. CASE STUDY: ATC industrial action 

The ATM system in Europe is not prone to ATC 

industrial actions. Moreover, in 2018 they were the 

fourth most significant cause of ENR ATFM delay. The 

overall direct economic effect of the ATC industrial 

actions in 2018 approximately equals EUR 113,415,300 

[12]. The overall economic effect for the same year and 

cause, including the multiplier effect, equals EUR 

482,015,025. 

Data review indicates that in 2018, compared to a year 

prior, ENR ATFM delay generated by the ATC 

industrial actions had increased by 59.72%, while a 

comparison with 2011 data indicates a 1154.98% 

increase. In addition, data breakdown of ENR ATFM 

delay caused by the ATC industrial actions indicates that 

three French ATC industrial actions in March, May and 

December, followed by local actions at Marseille ACC 

from April to June, were the main drivers of the ENR 

ATFM delay generation in that year. Accordingly, in 

2018 DSNA, a French ANSP had generated 97.57% of 

the overall additional operational cost to the AUs from 

the aspect of ENR ATFM delay caused by the ATC 

industrial actions. 
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The second case study has evaluated performance spill-

over effect between DSNA and neighboring ANSPs. A 

research motivation behind the second case study was to 

study the impact of the ATC industrial action taken by 

DSNA on 22 May 2018. For the purpose of comparative 

assessment, it had been studied period ten days prior and 

after a studied event occurred. Figure 7 shows results of 

a comparative assessment of DSNA respect to network 

tendency toward spatial clustering. Figure 8 depicts the 

scale and period of occurrence of the performance spill-

over effect between DSNA and its business 

environment. 

 

Figure 7: Comparative overview of DSNA and network 

performance in respect to spatial clustering tendency 

 

Figure 8: Performance spill-over effect occurrence 

between DSNA and its first-order neighbors 

4.6. CASE STUDY: ATC equipment failure 

Within the ATM system, the ATC equipment is used to 

facilitate safe navigation and flight operations. Thus, in 

order to fulfil their purpose, ANSPs must invest in 

various technical and technological solutions enabling 

ANS provision. However, such solutions come at certain 

cost. Amid the COVID-19 pandemic, the global market 

for ATC equipment, estimated at USD 5 billion in the 

year 2020, is projected to reach a size of USD 6.7 billion 

by 2026 [13]. In Europe, ANSPs cover investments into 

ATC equipment by charging ANS provision to AUs. 

ATC equipment failure represents a reduction of 

expected or declared capacity due to the unavailability 

or degradation of equipment used to provide an ATC 

service [14]. Such failure can lead to an airport 

disruption on ENR disruption. From a capacitive 

viewpoint, the third case study deals with the study of 

the occurrence of performance spill-over effect between 

Croatia Control Ltd. (CCL) and its neighboring ANSPs. 

It had been studied the effects of sudden cessation of 

ANS provision in Zagreb FIR. On 30 July 2014, a large 

storm reigned in the wider area of Zagreb, during which 

heavy rain fell. Flooding of the premises in the CCL’s 

headquarter represents the main cause of power outage - 

triggering ATC equipment failure. The immediate cause 

was the panic and inadequate manipulation of the 

Uninterruptible Power Supply system. At that time, there 

were 49 aircraft in CCL’ AoR. Figures 9 and 10 show an 

overview of obtained research findings. Figure 11 shows 

a spatial overview of, at that time, CCL’ and neighboring 

ANSPs’ AoRs. Also, for the purpose of comparative 

assessment, analysis has included a study of 

performance spill-over effect ten days prior to and after 

a studied event occurred.  

 

Figure 9: Comparative overview of CCL and network 

performance in respect to spatial clustering tendency 

 

Figure 10: Performance spill-over effect occurrence 

between CCL and its first-order neighbors 

5. DISCUSSION 

The main research findings confirm that studied events 

were triggered by ANSPs’ endogenous factors, while 

their occurrence had manifested as exogenous factor in 

their business environment. However, obtained research 

findings also imply that the performance spill-over effect 

continuously occurs within the ATM system in Europe, 

whereas no triggers are actually required to initiate its 

occurrence. Findings also point out first-order 

neighbors’ resilience to studied effect – to a major or 

minor extent. Figure 12 and Table 1 show effects 

absorbed by ANSPs’ business environments as a result 

of their resilience.
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Figure 11: 2018 overview of CCL’ AoR in respect to its first-order neighbors, main air traffic flows and their segment loads 

 

Figure 12: Additional operational cost absorbed 

Table 1: Environmental repercussions absorbed 

 
Carbon 

dioxide [kg] 

Water vapor 

[kg] 

Sulfur 

dioxide [kg] 

CCL 368,370.57 144,658.54 98.23 

DCAC 599,848.80 235,559.67 159.96 

DSNA 3,814,101.21 1,497,791.49 1,017.09 

In principle, every time some organization undertakes a 

business activity or decision, its business environment 

changes and it begins a cycle of adaptation (learning), 

information gathering, interpretation and re-learning 

[15]. The ATM system is no exception in that respect. 

Spatio-temporal review of performance spill-over 

effect’ significance outlines its variability over studied 

period. In addition, research findings also outline the 

different tendencies in spatial clustering of neighboring 

areas. As such, while over the studied period DSNA had 

tended to cluster with neighbors with higher values of 

ENR ATFM delay, DCAC and CCL had deviated from 

their neighbors and contributed to local instability in 

spatial associations. 

6. CONCLUSION 

As the risk existence can compromise the realization of 

the strategic goals, it is of utmost importance to mitigate 

identified business risks. In that respect, it can be 

outlined that strategic planning and development of the 

ATM system at a national level have two core tasks. 

The first one is to identify business threats coming from 

the ANSP’s business environment. The second one is to 

allocate intellectual capital with the goal to turn 

identified business threats into business opportunities. 

Monitoring of performance spill-over effect between 

ANSP and its neighbors leads to a better understanding 

of its business environment - which consequently 

reduces the uncertainty of the business environment and 

leads to the reduction of the business risks. 

Those involved in strategic planning and development 

of the ATM system in Europe need to be adequately 

informed, familiar with and understand how does the 

ATM system performs at a national, local and regional 

level. Accordingly, for them, it is of high importance 

and significance to systematically and continuously 

monitor changes occurring at a regional and local level 

as they also reflect on the strategic programs and plans 

of the national ATM system’ development - and vice 

versa. 

This research has included monitoring of performance 

spill-over effect between neighboring ANSPs from the 

capacitive viewpoint. The main research findings of 

three case studies indicate that the performance spill-

over effect occurs almost continuously within the ATM 

system in Europe - with a major or minor significance. 

Accordingly, no triggers are required to initiate their 

occurrence. As such, obtained findings of monitoring 
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performance spill-over effect point out its occurrence in 

days prior and after studied triggers took place.  

The research confirms that the performance spill-over 

effect between neighboring ANSPs occurs at both, 

AoRs with a tendency towards spatial clustering as well 

as at AoRs representing spatial outliers. 

Obtained findings also outline that ENR ATFM delay 

propagates differently between neighboring ANSPs. 

Consequently, its propagation can have a minor impact 

on one, but a major impact on other neighboring ANSP. 

As a result, the repercussions on the second-order 

neighbors also manifest differently. In that respect, over 

the studied period, it had been captured relatively high 

resilience of first-order neighbors to detrimental effects 

that occur as a result of performance spill-over effect.  

Last but not least, it can be defined that data and 

information of appropriate quality are required to 

ensure safe, efficient and competent future 

development of the ATM system in Europe. Therefore, 

considering the aforementioned, data and information 

obtained by monitoring the occurrence and significance 

of the performance spill-over effect between 

neighboring ANSPs from a capacitive viewpoint can be 

outlined as highly relevant within the domain of the 

strategic planning and development of the national, 

local and regional ATM system in Europe. 
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