Using data analytics for data-driven
decision-making in a civil-military
air navigation context
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Introduction
Data analytics has emerged as an important asset in
contemporary organisations. Big data helps all kinds of
businesses successfully:





create value;
deploy innovative business models;
harness effective management approaches;
use business intelligence to best effect.

In the field of civil-military1 air navigation, the exploitation of flight plan data can underpin civil-military decision-making, in particular in the following areas:






Although the private sector is leading big data application developments, governmental organisations now use
big data to gain insights, define strategies and improve
decision-making.
Within this context, military organisations can exploit data
and thus enrich their strategic, operational and tactical
decision-making processes for greater mission effectiveness. Big data analytics can unlock insights, thereby
endowing military aviation with supportive knowledge
and intelligence, and can help reduce operational costs
through predictive analysis. It can facilitate civil-military
collaboration and delineate short- to long-term technological developments.

civil-military coordination and interoperability;
military mission planning and operations;
military aircraft equipage planning;
military procurement life cycles;
space- and ground-based infrastructure planning and
rationalisation.

Military operations in areas adjacent to a conflict zone
tend to be flown under general air traffic (GAT) rules,
underlining the fact that military aircraft are often required
to fly as GAT in peace- and wartime. Moreover, flight plan
data reveal that military aircraft make operational use of
civil airports, meaning that they use air traffic services
supported by a common navigation infrastructure.
Although the main goal of this document is to allow the
reader to have the final say on how to respond to the
key questions stemming from the data and information it
contains, military decision makers will find that the material included is worth considering.

1 Terminology commonly used that does not confer herein any precedence to civil or military aircraft.
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Big data for military organisations
Big data is redefining the landscape of data management as the principal instrument for deriving important
insights. This can ultimately give a competitive edge to
organisations by allowing them to extract and organise
unstructured data in big data applications and techniques. Organisations which know where they stand
and know which path to follow as far as data analytics
is concerned are better prepared for turning challenges
into opportunities [1].
Big data is intricately intertwined with other important concepts such as data science and data-driven
decision-making.
Data science is a set of fundamental principles which
support and guide the extraction of information and
knowledge from data. It involves principles, processes
and techniques for understanding a phenomenon via the
automated analysis of data. One of its ultimate goals is
the improvement of decision-making processes.
In this sense, data-driven decision-making refers to the
practice of basing decisions on the analysis of data rather
than purely on intuition or preconceptions [2].
The barriers to adopting data-driven decision-making
which most organisations face are managerial and
cultural rather than related to data and technologies.
The main obstacle to the widespread adoption of data
analytics is a lack of understanding of how to use it to
improve operations.
Data governance enables the organisation to handle
data, get more value from that data, and make important
aspects of that data visible to users. A data governance
policy should contain an organisation’s strategic direction
and high-level descriptions of both the desired behaviour
it is trying to achieve and the desired outcome.
Big data also means new challenges involving data
quality, data complexity and security, as well as a need for
new technology and human skills. Big data can definitely
help organisations succeed if they incorporate it into the
structural fabric – but this comes at a cost. In spite of this,
a growing number of organisations are focusing their
decision-making processes on big data analytics [1] [3].

A critical element is the security of data and how organisations make sure that their databases are protected from
unauthorised users. Appropriate security mechanisms
are essential to promote trust in business as stakeholder
groups need to be assured that the data and information
they provide is safely and confidentially stored [4].
Decision-making in governmental organisations usually
takes far longer than it does in private companies.
Decisions in governmental organisations are usually only
made after consulting a large number of actors and on
the basis of wide consensus.
There is a fine line between the advantages of using big
data for predictive analysis and the common acceptance
of compliance requirements by all actors (e.g. security
requirements2).
The characteristics of big data – volume, variety and
velocity – vary among entities. The dominant characteristic among ministries of defence (MoD) is variety, while
data volume and velocity are regarded as of relatively low
importance, compared to other sectors [3].
Nevertheless, the defence sector increasingly hinges
on digital processes in operational activities and for its
corporate business. This new environment calls for focus
to be placed on securely managing large volumes of data
coming from multiple, widely dispersed sources [5] [6].
The potential benefits of data analytics in the defence
sector are significant (e.g. planning and predictive analysis) but need to be substantiated with awareness of the
associated challenges.
The aggregation of datasets to increase the representativeness of data on a European scale requires the removal of
barriers and the introduction of a new culture and new
practices, supported by policies, in order to incentivise
data sharing for the achievement of common, superior
goals and to create more sophisticated risk-assessment
models and techniques [5].
Moreover, in a global socio-economic context driven by
efficiency and optimisation of resources, the exploitation
of data by military organisations will be paramount in
sustaining their key role. It will enrich strategic, operational
and tactical decision-making processes.

2 Air traffic management security policies and standards should apply.
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Big data, the military aviation
sector and CNS
The use of data in aviation is key in transforming the
global performance of the network. It provides critical
and consistent information and intelligence to ensure
increased safety, performance and sustainability in an
era of new entrants (e.g. drones), as well as to ensure the
greatest profit, maximum flight efficiency, and carbon
reduction.3
Big data analytics can be utilised for intelligence gathering to support military operations, during peace- and
wartime. Intelligence based on big data analytics helps
decision-making in a wide range of circumstances on
strategic, tactical or operational levels, providing concrete
solutions to decreasing operational costs (e.g. use of
flight data monitoring (FDM) and analysis tools).
In this context, the use of data by governmental organisations is a clear asset when pursuing sound, concise and
effective decisions in the field of air traffic management
(ATM). For this purpose, the multitude of data stemming
from diverse technical areas and actors increases the
need for common layers of data elements which, ultimately, generate knowledge for both civil and military
decision makers (e.g. cost-benefit analyses and impact
assessments).

Communications, navigation and surveillance (CNS) are
three intertwined conceptual and technological areas
at the very heart of ATM; they play a crucial role in
supporting a high-performance and automated aviation
network.
Decision-making processes in the field of CNS can be
supported by knowledge derived from data elements
related to military aircraft operations under either operational air traffic (OAT) or general air traffic (GAT) rules.
This document looks at data elements which support
GAT-related decision-making in strategic, operational and
economic domains.
A simplistic approach would be to provide only responses
to purely CNS technological questions which stem from
State aircraft’s4 on-board capabilities by utilising flight
plan data which are submitted to the Network Manager’s
Initial Flight Plan Processing System (IFPS).
However, the evolution of aviation caters for decision-making encompassing strategic, operational and
economic aspects in unison. Pursuing a broader scope
leads to the provision of elements which, based on
CNS data, sustain overarching questions associated,
for instance, with airspace allocation and procurement
cycles.

3 Security aspects are not tackled in the document.
4 Military, customs and police, but in this document extrapolated to military aircraft only.
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Insights into technical military
navigation questions arising from
data analytics
The process of transforming data into information and
ultimately into actionable intelligence can be based on
different models [7].

The information depicted in Figure 1 demonstrates that
military aircraft do indeed fly as GAT in Europe, and therefore make use of both civil and military air traffic services
and infrastructure. The dichotomy of the traffic evolution
introduced by the COVID-19 crisis leads to a subsequent
analysis focused on the military traffic evolution in 2020.

Key intelligence topics and key intelligence questions
are routinely used in intelligence activities, putting
cross-functional elements vis-à-vis an intelligence cycle
of competitive intelligence into perspective. Adopting a
cross-functional approach could lead to an analysis that
goes beyond a purely navigation-related attempt to
provide insights into emerging questions.

Given this fact, civil-military coordination and interoperability become pivotal and involve:



The formulation of key questions arises from the need
to support decision-making in matters related to military
aircraft operations under GAT rules in Europe. The data
assessments are supported by flight plan data which
represent the layer of data elements used as a resource.5
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The scope of the analysis is widened by the current
air traffic growth rate and the emergence of airspace
enabled by performance-based navigation.
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Europe had seen a steady increase in air traffic growth
until the COVID-19 pandemic, and that growth was
expected to continue in the long term. The all-time
record of 11 million flights in the airspace of the European
Civil Aviation Conference (ECAC) was set in 2018, corresponding to an increase of 4% when compared to 2017.

military mission planning;
operations execution;
military aircraft equipage planning;
military procurement life cycles;
space- and ground-based infrastructure planning and
rationalisation.

Moreover, the most robust traffic forecast scenarios anticipated over 16 million flights in 2040. However, the recent
COVID-19 pandemic has severely impacted the aviation
sector, so that technologies on the ground, in space and
on board aircraft have become even more key technical
enablers for the essential operational changes which will
make it possible to attain an efficient, cost-effective and
sustainable aviation ecosystem [8] [9].
In this context, the first set of insights hinge on the military GAT traffic density in Europe. Specifically, two main
questions arise: How many flights are carried out by military aircraft under GAT rules? What is the military GAT
traffic density at airports?
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Figure 1: Number of military flights carried out in ECAC
airspace under GAT rules

The traffic density at airports indicates that State aircraft
make operational use of civil airports,6 which highlights the
pivotal role of civil-military coordination and interoperability.

5 The representativeness of the data elements is confined to flight plans which are submitted to the Network Manager by State

aircraft operators flying under GAT rules – that is, the GAT flight plans in which the letter “M” for “military” is indicated in Field 8.

6 Also encompasses civil airports with collocated military facilities.
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Figure 2: Volume of State aircraft operations under GAT
rules at civil (see note 6) and military airports in the ECAC
region

The second set of information which could be derived
from flight plan data is the traffic variation in military
flights,7 the traffic variation in the total number of flights
carried out by all airspace users, and the ratio between
the number of military flights and the total number of
flights.
Figure 3 shows that the traffic variation in military flights
was positive between 2014 and 2016, contributing positively to the ratio between military flights and total flights.
In contrast, there is a sharp decline in the number of military flights from the beginning of 2017 to 2019, inclusive.
Whereas the reasons for the continuous positive variation in the total number of flights had been identified in
different fora, in the specific case of military aviation, they
had not. Consequently, determining these inputs might
help decision-making in traffic prediction, military investment planning and mission efficiency.
The peak in 2014, followed by a residual increase in traffic
in 2015, could be linked to the European sovereign debt
crisis, which reached a climax between 2010 and 2012
and had improved by 2014.
If this assumption is deemed to be realistic, economic indicators should be part of reports on intelligence provided
to military decision makers with a view to minimising the

Figure 3: Ratio between military flights and total flights as
well as cumulative traffic variation8 of GAT military flights9

The answer to this question takes on particular relevance
when determining the influence of external events on
military missions in order to develop measures and optimise procedures where necessary.
The main and most significant event considered as an indicator here is the Syrian civil war. A second underlying question arises: Do military aircraft fly as GAT in areas adjacent
to conflict zones?
A first insight into this question is provided by the increase
in GAT military traffic density at some airports in the area
adjacent to the conflict zone, whereas outside this area the
traffic density remained stable.10
This means that zones of conflict tend to increase the
number of GAT operations. This insight is further consolidated by the correlation with the indicator oil price11 and
number of asylum applications.12

7
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A positive value for traffic variation corresponds to a traffic increase compared to the previous year.
Cumulative traffic variation means the continuous sum of the variation of the number of flights over the years.
Note: The x-axis in the figure refers to the amount of data accumulated during every year (01JAN to 31DEC).
The area considered as adjacent to the zone of conflict and the airports are not detailed in this paper in order to ensure
confidentiality.
11 Source: Eurostat.
12 ource: Eurostat.
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The correlation between the total number of GAT flights
and the oil price is lower than 0.5, which indicates a low
correlation.
In contrast, the correlation between the total number
of GAT flights and the number of asylum applications
lies in the first half of the interval, between 0.5 and 1.0.
The value of correlation increases when correlating the
number of GAT flights carried out in the area adjacent to
the zone of conflict with the number of asylum applications: the value in this case lies in the second half of the
interval, between 0.5 and 1.0 – a strong correlation.13

was followed by an increase in defence and peacekeeping operations; this could potentially form part of the
reason for the drop in the number of GAT flights in 2017.
However, this assumption proves unreasonable given the
sharp drop in the number of GAT flights when considering the period from the end of 2016 to 2019 (a decrease
of around 17% in military GAT flights).
The challenge of data analytics raises the following question: Is the reduction a natural consequence of peacetime? Another set of questions in this domain can be
raised, highlighting the importance and challenges of
data analytics.
Although political and economic events can
influence the aviation sector’s performance,
the available data can be computed to derive
trends per se. For example, it has been shown
that in normal times, the traffic density of
military flights in Europe during the summer
period is inversely proportional to the traffic
peak of the scheduled flights, anticipating
the potential analysis of time allocation for
reserved areas during that period.
Therefore, this exemplifies that data analysis
can contribute positively to the overall performance of the network with respect to strategic and tactical planning.

Figure 4: Correlation between the number of GAT military flights and
asylum applications

The important outcome of this data analysis is that it
reinforces the fact that military aircraft do indeed fly as
GAT in all operational scenarios. Consequently, military
stakeholders should be deeply
involved and engaged in airspace concept development
activities in order to contribute to European responsibilities/activities in areas
such as security, defence and
peacekeeping.
Understanding the reasons
behind the variation in the
GAT military traffic figures
from the end of 2016 to 2019
is more challenging.
The potential imbalance
resulting from the economic
crisis which had occurred

Figure 5: Monthly evolution of military GAT traffic (2016-2019)

13 Correlations calculated using methods of statistical time-series analysis.
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The COVID-19 pandemic has had an unprecedented
impact on the aviation sector, leading to a dramatic
reduction in the number of flights performed by civil
aviation in Europe and worldwide. The pandemic has also
impacted military aviation operations.
The repercussions of COVID-19 on State aircraft operations provide a general idea of how future pandemics
could affect military aviation. Although the disruptions to
military operations are temporary, an economic recession
could yield medium- to long-term setbacks in military
aircraft programmes.

The decrease in the number of flights in October was
followed by a rapid increase in November, surpassing the
figures to those in the previous year.
The scale of the impact of the measures taken because of
COVID-19 on airspace users varies according to the type
of business carried out by those airspace users.
Military GAT operations were impacted to a lesser
extent when compared with non-military flights, as the
maximum reduction for military flights was -29%, in
comparison with -89% for non-military flights (Figure 7).

The impact of the COVID-19 pandemic
on military GAT operations in Europe is
reflected in the evolution of the number
of flights. The number of military GAT
flights decreased sharply in the period
of time between the beginning of the
COVID-19 measures and the end of
April, and recovered quickly from May to
July, reaching similar figures to those in
previous years (Figure 6).
Notwithstanding the impact of the
second wave of the COVID-19 pandemic
on the recovery of the aviation sector
in Europe, military GAT operations
were affected to a much lesser extent.

Figure 7: Impact of the COVID-19 pandemic on military GAT and non-military flights –
2020 compared to 2019

Figure 6: Impact of the COVID-19 pandemic on military GAT flights
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The recovery profile of military and non-military flights
is similar in shape, however, the recovery period clearly
differs. Military GAT operations recovered completely
from the first impact of the COVID-19 pandemic within
six months.
Notwithstanding the impact of different events on traffic,
the need to provide greater flight efficiency justifies efforts
to optimise the use of available airspace and adopt key
technologies. In this context, performance-based navigation has expanded area navigation techniques, originally
centred on lateral accuracy alone, into a more extensive
statement of required performance related to accuracy,
integrity and continuity.
The interrelationship between PBN and military aircraft
operations is strengthened by the fact that military
aircraft do indeed fly under GAT rules, including when
conducting missions connected (or in proximity) to
conflict zones. This means that the introduction of a new
airspace concept tends to affect military aircraft operations in all scenarios.
The potential impact of a new airspace concept stems
from the on-board capabilities which are required to fly
within that airspace, since the navigation infrastructure is
an enabler for meeting the operational needs identified
in that airspace.
The need for each flight to cooperate with the underlying
navigation infrastructure in order to fly efficiently in a predefined airspace, reducing fuel consumption and carbon
footprint, underpins the prospect of analysing aircraft
equipage vis-à-vis airspace requirements [9].

Therefore, the PBN requirements advocated in Regulation
(EU) 2018/1048 constitute the grounds for assessing the
level of on-board capabilities of military aircraft when
flying as GAT.
The PBN specifications related to the airspace usage
requirements should be considered from a gate-to-gate
perspective when endowing an aircraft with the appropriate on-board capabilities.
On-board capabilities per military operator are clustered
into three different groups (Figure 8): a group of military
operators whose aircraft are uniformly compliant with all
the regulated navigation specifications, meaning RNAV 5,
RNAV 1 and RNP APCH – blue cluster; a group of military
operators whose aircraft are mainly compliant with RNAV
5, and therefore mainly able to comply with en-route
airspace structures as regulated – pink cluster; and a
group with a very low level of compliance with PBN – red
cluster.
The cross-cutting infrastructure enabler for PBN is the
Global Navigation Satellite System (GNSS), which plays
a particular role on military aircraft since the majority of
them are equipped with the Global Positioning System
(GPS) Precise Positioning Service (PPS).
The use of the GPS PPS leads to a potential bottleneck,
the size of which depends on the technical requirement
of adding an augmentation system, mainly when considering the Satellite-Based Augmentation System (SBAS).

Figure 8: Clustering of on-board capabilities in relation to military operators (2020)14
14 K-means clustering algorithm used. Each dot represents a military aircraft operator. Each group represents the closest level of

similarity of the elements (military aircraft operators) regarding the attributes (regulated PBN specifications).
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Therefore, the evaluation of the level of GNSS capabilities
on board military aircraft when conducting GAT operations triggers a reflection on the potential impact of PBN
relying on the GNSS as the primary means of navigation,
confining the role of conventional navigation systems to
contingency operations only.15

The three-step approach followed for the implementation of PBN in Regulation (EU) 2018/104817 leads to a
forecast of the level of GNSS on-board equipage, with an
acceptable interval of confidence. The targets 2024 and
2030 are taken here as the basis for a second insight into
on-board equipage.

Overall, the number of GNSS-equipped aircraft which can
fly PBN airspace structures has steadily been increasing in
recent years. However, the number of equipped military
aircraft is still rather low, which suggests that a swift transition from conventional navigation systems to spacebased navigation might raise concerns in terms of flight
efficiency and airport accessibility when State aircraft
carry out GAT operations in a PBN environment predicated on the GNSS.

The PBN specifications particularly embedded in the
analysis are RNAV 5, RNAV 1 and RNP APCH owing to
their extensive implementation which is planned for the
coming years.

a) Percentage of aircraft which declared GNSS-equipped

b) Percentage of military flights which declared GNSS on board
Figure 9: Evolution of the level of the GNSS in support of PBN requirements on
State aircraft)16
15 An assessment on the robustness of GNSS is not part of the present document.
16 Descriptors: B2, D2, O2, B, R.
17 Regulation (EU) 2018/1048 defines implementation targets for 2020, 2024 and 2030.
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Figure 10: Forecast of the level of State aircraft GNSS on-board equipage meeting PBN requirements18

The dichotomy between non-PBN-compliant aircraft and
PBN-compliant aircraft stemming from the aircraft equipage prediction until 2030 shows a steady pace of aircraft
upgrades to comply with regulated PBN specifications in
the coming years.

In the domain of approach and landing, the gap between
the level of full implementation of 3D PBN-based procedures at airports in Europe and the level of on-board
equipage of State aircraft is significant, and is expected to
be more pronounced in the future.

The most challenging scenario results from the move
from 2D navigation to 3D navigation relying on SBAS,
since the level of GNSS on-board equipage to cope with
this improvement is rather low.

The information presented in Figure 11 also illustrates the
technological evolution and its pace of implementation
in the near future; essentially, this might urge States to
accelerate the implementation of aircraft on-board capabilities in future aircraft programmes owing to the widespread implementation of PBN.

Figure 11: FLevel of State aircraft on-board equipage for approach and landing19 in relation to the level of procedures fully
implemented at airports20
18 Excel forecast feature.
19 Excel forecast feature.
20 Source: EUROCONTROL PBN Map Tool (accessed in February 2021).
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One of the aspects which can be highlighted is that the
military community should fully engage in infrastructure
planning when data-derived analysis demonstrates that
State aircraft operations rely mainly on conventional navigation systems and less stringent PBN specifications.
The military community should not underestimate the
importance of becoming involved in the transition plan,
as advocated in Regulation (EU) 2018/1048, in order to
ensure a smooth transition to the exclusive use of PBN
and a harmonised use of the supporting navigation infrastructure for the sake of mission efficiency and airport
accessibility.

The overlay of figures 1, 10 and 11 could serve as a catalyst to answering the following question which is left for
the reader’s reflection: Is the (low) level of performance
of on-board navigation capabilities contributing to the
decrease in the number of GAT military flights, thereby
explaining the traffic variation in normal times since
2016?21
For the sake of 3D navigation, the evolution in the number
of military flights in normal times and the procedures
implemented at all runway ends of airports, including
those forecast, are depicted together in Figure 12.

Figure 12: Number of (total) military GAT flights in relation to the level of 3D PBN procedures implemented at all runway
ends of airports22

21 The decrease in the number of military GAT flights started before the COVID-19 pandemic, being predicted that such number

would continue to decrease in the coming years. The evolution of the COVID-19 pandemic is taken as affecting the magnitude
but not the downward trend of the number of GAT military flights per se..
22 See footnote 21.
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Conclusions
Big data and business analytics are now a mainstream
concept. The associated methods and technologies form
a foundation on which the digital transformation process
is built.
Big data analytics allow for the use of data to uncover
relationships which cannot be discerned when using
traditional analysis techniques.

data technologies, data-science techniques, and datadriven decision-making in order to deliver the Single
European Sky (SES) objectives.
Big data analytics is key to leveraging successful aviation
business continuity and helping the aviation sector navigate through unprecedented events.

There is strong evidence that business performance
can be improved substantially through data-driven
decision-making.

In this context, (ground and airborne) navigation systems
are a key enabler for the modernisation and restructuration of air traffic management, sustainability and service
provision in Europe.

Decision-support processes must reflect the real-time
nature of the organisations, particularly their capacity
to respond instantly to changes and challenges in both
their internal and external environments.

In this sense, using big data analytics to support civilmilitary decision makers in civil-military navigation represents a step forward in achieving fruitful outcomes which
contribute positively to those objectives.

Big data analytics helps decision makers take into account
hundreds of parameters to predict with reasonable accuracy what will happen.

In the field of civil-military navigation, a set of high-level
insights can be derived from data analytics based on
flight plan information:

The success of big data analytics in military organisations
depends on their ability to:







integrate and analyse information;
develop supporting systems;
support decision-making through analytics.

It is recommended that a body be set up at the core of
these organisations which should be responsible for:



developing strategies on how big data can be
managed through new technology platforms;
integrating structured and unstructured data from
departmental silos.

A collaborative effort to empower data analytics is key
in enhancing decision-making, improving adaptability to
change, and better responding to internal and external
challenges.
Big data in aviation has the power to connect all stakeholders within a common platform of information sharing
and services. Ultimately, this can be used to support big







Military aircraft do indeed fly as GAT in Europe.
Military operations under GAT rules increase in areas
adjacent to a conflict zone, indicating that military aircraft do indeed fly as GAT in peace- and wartime.
Military and civil air traffic services and infrastructure support military operations in both peace- and
wartime.
Military aircraft make operational use of a significant
number of civil airports, which implies that they will
need civil air navigation services and support from a
common navigation infrastructure.

Data analytics is the catalyst for the transition to decisionmaking based on the accurate quantification of costs
and benefits, and determination of the need for incentive
mechanisms to equip military aircraft.
The wiring of these three elements is what will guarantee that the best and most cost-efficient decisions
can be made. The move from non-PBN-compliant
aircraft to PBN-compliant aircraft comes at a cost, but it
also brings benefits which might need to be generated
by incentives.

Note: This document was consolidated in EUROCONTROL’s Civil-Military CNS Focus Group and supported for publication.
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Acronyms and Abbreviations
2D

two-dimensional

3D

three-dimensional

ATM air traffic management
CNS

communications, navigation and surveillance

ECAC European Civil Aviation Conference
EU

European Union

FDM Flight Data Monitoring
GAT

general air traffic

GNSS Global Navigation Satellite System
GPS

Global Positioning System

LPV

localizer performance with vertical guidance

MoD ministry of defence
OAT

operational air traffic

PBN

performance-based navigation

PPS

Precise Positioning Service

SBAS Satellite-Based Augmentation System
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Disclaimer:
The data presented in this document is based on flight plan information provided to the Network Manager and should be
read as indicative of magnitude rather than exact figures. Extrapolations were avoided in order to keep the figures quoted
as close as possible to the information received.
EUROCONTROL has then made every effort to ensure the accuracy of the aggregated data, but EUROCONTROL cannot be
held responsible for any errors or misinterpretation of the data provided, and disclaims all liability for claims resulting from
reliance on this data.
The reproduction of information or data, particularly the use of graphic material, requires the prior consent of EUROCONTROL.
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