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Abstract 

The aviation industry is facing many challenges concerning environmental effects associated to an 

overall increase in air travel. In order to analyse these environmental effects, the possibility for 

measurement in the areas connected to the aviation industry is essential. Metrics measuring progress 

towards meeting goals, called key performance indicators, are used in order to meet this requirement.  

 

The purpose of the thesis is to map and evaluate the various environmental key performance 

indicators that are utilised within European Air Traffic Management today, and the development 

underway for the future. Suggestions to LFV regarding suitable e-KPIs, and how they can be used within 

their organisation are also provided.  
 

Several organisations and initiatives, including the European Union, EUROCONTROL, Single European 

Sky, the International Civil Aviation Organisation and the Civil Air Navigation Service Organisation, as 

well as the British and French air navigation service providers, in addition to other stakeholders within 

the industry, have been investigated in terms of their work in the environmental area and which 

indicators they utilise. The investigation is based on a literature study and interviews conducted with 

stakeholders within previously mentioned organisations.  

 

Out of 39 indicators found during the mapping, seven remain after an initial selection and an analysis 
based on the utilisation of the SMART-model. In addition to the use of the SMART-model, the choice 

of suitable indicators is also based on the fact that the whole spectrum of a flight, meaning all phases, 

including planning, taxi-out, departure, en route, descent and arrival as well as taxi-in, should be taken 

into consideration.  

 

With the above in mind, the following indicators are recommended for use by LFV: 

 

 3D Flight Efficiency 

 Horizontal Flight Efficiency, actual 

 Horizontal Flight Efficiency, planned  

 Additional Time in the Taxi-Out Phase 

 Extra Flown Distance  

 Time in Level Flight during Climb/Descent 

 Percentage of Completed CDO-STAR 

  

3D Flight Efficiency is considered the most relevant e-KPI as it takes the whole airborne phase of the 

flight into account. However, due to current limitations, LFV cannot employ the metric as of yet. It is 

therefore recommended for use in the future.  
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1 Introduction  

This chapter presents the background of the thesis. Moreover, the purpose, delimitations and 

methodology used as well as a source discussion and the structure of the report are presented.  

 

1.1 Background 

The airline industry is facing substantial environmental challenges as aviation is accountable for 2 % of 

global CO2 emissions (CANSO, 2012a), and the air traffic in Europe alone is expected to increase with 
50 % until 2035 compared to 2012 figures. (EUROCONTROL, 2013a) To prevent that the increase of air 

traffic translates into a corresponding increase in CO2 emissions, stakeholders are urged to deliver 

services at a reduced environmental impact. Important international authorities such as the 

International Civil Aviation Organization (ICAO) and EUROCONTROL are working towards a more 

environmentally sustainable aviation industry, by imposing regulations and recommendations for 

airline operators and Air Navigation Service Providers (ANSP), who internally have different 

environmental goals. (ICAO, 2013a; EUROCONTROL, 2014a) 

 

In recent years, the airline industry has experienced an increasingly competitive market, and airlines 
have to cut costs in every way possible to retain their position. For many airlines, the largest expense 

is fuel, and substantial resources are invested in order to reduce the amount of fuel used in flight 

operations. (Ekstrand, 2013) Because of the connection between the economic and environmental 

benefits of reducing the amount of fossil fuels, there are two strong incentives toward increased 

sustainability. 

 

Historically there has been, and still is, significant focus on environmental benefits by improving 

airlines' aircraft fleet and procedures; better flight management systems1 installed on aircraft have 

enabled more precise calculation of optimal trajectory, and therefore higher fuel efficiency. However, 

ANSPs operational performance have considerable impact on the airlines', and there is today an 
interest in increasing their performance as well. Airlines along with regulatory organisations, urge 

ANSPs to take all measures possible in order to facilitate for more flight efficient2; thus more fuel 

efficient and economical, flight operations. (Ekstrand et al., 2011)  

 

Lord Kelvin said on the importance of measurement  

 

"When you can measure what you are speaking about and express it in numbers, you 

know something about it, but when you cannot express it in numbers, your knowledge is 

of a meagre and unsatisfactory kind." (Harry & et al., 2010) 

 
The importance of being able to measure the environmental performance in the aviation industry is 

apparent. Key Performance Indicators (KPI) are metrics designed for the specific needs of a business 

to help measure their success and progress towards goals. (Parmenter, 2010) They are created by 

isolating certain aims and visions within the business, and finding non-financial measures to quantify 

the development towards them. KPIs are divided in different Key Performance Areas (KPA), i.e. the 

areas that are of interest to investigate and quantify. These areas can include one or a limited number 

of indicators. A KPA identified in the aviation industry is environment, to which there currently are a 

number of KPIs connected, labelled environmental KPIs, hereafter referred to as e-KPIs. 

 

                                                           
1  さA Flight Management System is an on-board multi-purpose navigation, performance, and aircraft operations computer 

designed to provide virtual data and operational harmony between closed and open elements associated with a flight from 

pre-engine start and take-off, to landing and engine shut-down.ざ (Skybrary, 2011a) 

2  Flight efficiency can be defined as the difference between the performance of an actual flight operation and a hypothetical 

optimal flight operation. (Kettunen et al., 2005) 
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E-KPIs measuring inefficiencies in flight operations are often connected to on one or more of the six 

phases of flight (CANSO, 2012b):  

 

1. Planning, pre-flight and gate departure 

2. Taxi-out 

3. Departure 

4. En route and oceanic 

5. Descent and arrival 

6. Taxi-in  
 

LFV have, with a new environmental monitoring tool that analyses radar data, Green Air Traffic 

Management Interactive Analysis (GAIA), been able to calculate a number of e-KPIs.  In relation to this, 

LFV see the necessity for a survey concerning other AN“Ps’ aﾐd a┗iatioﾐ authorities’ ┘ork iﾐ the area 
today. GAIA is explained further in Chapter 3.2.1. 

 

1.2 Purpose 

The purpose of the thesis is first and foremost to map and evaluate which e-KPIs that are used within 

European Air Traffic Management (ATM) presently, as well as possible e-KPIs considered for use in the 

future. The thesis shall also present suggestions regarding suitable e-KPIs related to LFVs ATM 

operations, and recommendations as to how these can or should be used.  

 

1.3 Delimitations 

This thesis will focus specifically on European ANSPs, and organisations active in the European aviation 
industry. Furthermore, aviation environment includes noise pollution, which will not be discussed in 

this thesis.  

 

1.4 Methodology 

Information necessary for the thesis was gathered initially through a literature study. The goal 

primarily was to understand what a KPI is and how one is distinguished in order to determine what 
qualities make an indicator successful. Knowledge of current conditions regarding environmental work 

in the aviation industry as a whole, and specifically in ATM, was thereafter sought. 

 

The literature study was conducted with the goal of gaining knowledge of how various stakeholders 

within ATM relate to environmental performance. This was considered necessary in order to 

understand the difference between progress based on governing decisions and based on individual 

stakeholders’ iﾐitiati┗es.  
 

As ATM within Europe was the area of interest for the thesis, the first step was to identify relevant 

international aviation organisations and initiatives active in Europe. The European Union (EU) is the 
main governing body in Europe, thus regulations connected to environmental performance set by the 

EU were studied in order to understand what obligations European stakeholders have to increase 

efficiency.  

   

Once the regulations set out by the EU were studied, interrelationships between various European 

organisations were understood. This led to EUROCONTROL and Single European Sky (SES) being 

identified as two major stakeholders within the European ATM, and were thus studied. Furthermore 

ICAO, being the international organisation laying down the framework for how civil aviation should 

operate, was deemed interesting to the thesis. Additionally, Civil Air Navigation Services Organisation 

(CANSO) ┘as studied Hased oﾐ the orgaﾐisatioﾐ’s direIt IoﾐﾐeItioﾐ to AN“Ps. 
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Based on findings in the initial research, several ANSPs were determined to have developed unique 

contributions with regard to measuring environmental efficiency. In order to learn more about these 

efforts the relevant ANSPs, along with sources believed to possess sought information, were contacted 

via email. Although all contact attempts were not productive, essential information was provided by 

sources at the British ANSP National Air Traffic Service (NATS), the French ANSP Direction des Services 

de la Navigation Aérienne (DSNA) and EUROCONTROL. The questions asked were open ended in order 

to get as thorough answers as possible. 

 

Other stakeholders relevant to the thesis were investigated based on findings during the initial 
research. 

 

An extensive summary of all identified KPIs in the study was created. The amount of indicators was 

then reduced significantly based on e.g. similarities and usage possibilities. Subsequently, the 

remaining e-KPIs were compared to the previously studied principles of KPIs, as well as against each 

other.  

 

Finally, based on principles regarding ATM performance measuring, suggestions of suitable e-KPIs for 

use by LFV were made. 

 

1.5 Source discussion  

The main sources of information used in this report are documents and publications developed by 

organisations and initiatives within the aviation industry, such as EU, EUROCONTROL, SES, ICAO and 

CANSO. These sources can be considered reliable as the organisations are well-known and respected 

within the industry. Moreover, the fact that some of the sources related to the above mentioned 

organisations were available on the internet exclusively must also be taken into consideration.   

 
In terms of the interviews, they were all conducted with sources with connection to, and knowledge 

of, the industry and can therefore be considered reliable. However, the possibility of bias within the 

individual ANSPs can be considered a factor to take in mind.    

 

Moreover, published sources, e.g. the reports by Henrik Ekstrand and the Swedish Defence Research 

Agency, are considered reliable.  

 

1.6 Structure of the Report 

The introductory chapter is followed by a description of KPIs and their characteristics in the second 

chapter. 

 

The third chapter presents the current situation in regard to environmental performance measuring 

for both the aviation industry in general, as well as for stakeholders directly connected to ATM. 

Furthermore, a mapping of the situation for the EU, EUROCONTROL, Single European Sky, ICAO and 

CANSO and the interrelationship between them is presented, including their work towards 

environmental goals. In relation to regulations set by the organisations and initiatives mentioned 
above, ANSPs and other stakeholders in Europe are also described with focus on e-KPIs. 

 

E-KPIs previously identified are summarised and evaluated, leading to an initial selection of suitable e-

KPIs to further analyse, in the fourth chapter. The following chapters present an in-depth description 

and analysis of these indicators, and are concluded with recommendations and future considerations 

pointed at LFV. 
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2 Key performance indicators 

This chapter presents the definition and characteristics of key performance indicators.  

 

The essence of logistics is to manage flows of e.g. goods, or connected to the aviation industry, aircraft, 

in an efficient manner. (Ghiani et al., 2013) One of the areas within which efficiency is measured is the 

environment. As efficiency is connected to logistics, improvements in the area of environmental 

efficiency equals improved logistics. However, in order to be able to draw conclusions with basis in the 

improvements, they must be quantifiable. This is accomplished through the use of metrics. 

 

An organisation usually have a set of metrics to measure a variety of things. KPIs are metrics used in 
business administration as a measure to evaluate an organisatioﾐ’s perforﾏaﾐIe iﾐ aﾐ aIti┗it┞ relating 

to a goal in order to enable measureable improvements towards it. According to David Parmenter 

(2010), a vast amount of KPIs utilised and monitored in companies are not actually KPIs; he states that 

there is general unawareness of what KPIs actually are. Furthermore, Gwynne Richards and Susan 

Grinsted (2013) states that many organisations measure too many KPIs, resulting in indicators that 

both require disproportionate time-resources to manage and that are incomprehensible. Therefore, it 

is important to distinguish performance driving KPIs from regular metrics. 

 

Furthermore, the key concept of a KPI is to measure change, preferably improvements, in 
performance. Therefore, in order for a KPI to be useful, there has to be a figure acting as a baseline to 

compare results with. A baseline is created by measuring the KPI for a relevant period of time, 

corresponding to the time frame chosen for the KPI.  

  

KPIs are supposed to guide the organisation by saying what has to be done in order to increase 

performance in certain areas of importance to the organisation. The seven important characteristics 

of KPIs defined by Parmenter are: 

  

1. Non-financial measures 

2. Measured frequently 
3. Acted on by the Chief Executive Officer and senior management team 

4. Clearly indicate what action is required by staff 

5. Measures that tie responsibility down to a team 

6. Have significant impact 

7. Encourage appropriate action 

 

A renowned method for determining what KPI, and related targets, to use for a certain purpose, is 

using the SMART acronym model. (Doran, 1981) An interpretation of the definitions for the criterions 

is stated below. (Richards & Grinsted, 2013; FOI, 2010) 

 
S – Specific  

It has to be clear what the KPI is measuring, and why. What area is measured, how it is measured and 

who is to be involved in the measurement shall be specified and clear to everyone involved. 

 

M – Measurable  

The KPI must be measurable; meaning that relevant data must be obtainable and comparisons with 

past figures must be possible.  

 

A – Acceptable 

In order for the KPI to be accepted it has to be clearly connected to the goals of the organisation. 
Selecting an acceptable KPI is motivational and will encourage better performance. 
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R – Relevant 

The KPI has to be relevant for the specific business and its overall goals. Using a KPI that is not relevant 

may cause incorrect placement of resources and efforts. 

 

T – Time based 

Time is of high importance when creating a KPI. Specific time frames for measurement of the KPI have 

to be possible to determine, as well as a deadline for when goals connected to the KPI should be met. 

 
When developing KPIs, Parﾏeﾐter’s se┗eﾐ IharaIteristics combined with the SMART-model can be 

used to evaluate whether produced KPIs motivate every level of a business to improve performance 

and reach set goals. In accordance with the definition of a relevant KPI, implementing too many 

indicators may cause resources be put on time consuming measurements that in fact have an 

undermining effect on the progress towards goals. (Parmenter, 2010)  

 

When analysing the results found in this thesis, emphasis will be on SMART criterions. In addition, 

Parﾏeﾐter’s se┗eﾐ IharaIteristiIs ┘ill He used for ┗alidatioﾐ of the reIoﾏﾏeﾐded e-KPIs. 

 

 
 

  



 

6 

3 Investigation 

In this chapter stakeholders active within the aviation industry and their environmental work are 

investigated, starting with organisations and initiatives followed by ANSPs and other actors. Discovered 

e-KPIs will be presented in accordance with their emergence, along with an annotation to as whether 

they will be considered further. 

 

3.1 Organisations and initiatives 

Four large organisations and initiatives within the aviation industry and their work toward achieving 

environmental goals connected to the use of KPIs are investigated. First, EU-wide regulations are 

explained, followed by how EUROCONTROL, SES, ICAO and CANSO address the issue of environmental 

performance.  

 

3.1.1 EU 

In 2004, the European Parliament and the Council of the EU adopted the European Commission (EC) 

regulation no. 549/2004 (EC, 2004), which laid down the framework for creating SES. EU laws in form 

of regulations are, when passed, immediately legally binding in all member states. (EC, 2012a) The 

objective with SES was, among others, to improve the overall performance of ATM and Air Navigation 

Services (ANS). SES is discussed further in Chapter 3.1.3. 

 

To enable improvement of the performance of SES, the regulation requested the provision of an EU-
wide performance scheme that would include performance targets on the KPAs of safety, 

environment, capacity and cost-efficiency. For each KPA, a limited number of KPIs were to be selected, 

and targets connected to these and the KPAs chosen by the EC. The performance scheme was to be 

specified for reference periods, of which the first was to cover the first three years following the 

implementation of SES. In order to reach specified goals in the performance scheme, national 

performance plans (NPP) that specify targets that contribute to the EU-wide goals, and incentives to 

reach these, was to be produced by the National Supervisory Authorities (NSA) of each member state 

or Functional Airspace Block (FAB). A Performance Review Body (PRB) was mentioned as an external 

body that could be designated by the EC, to assist them, and on request NSAs with the performance 
scheme. (EC, 2004) 

 

With regulation no. 549/2004 in regard, regulation no. 691/2010 was passed in 2010 (EC, 2010a), 

having the purpose as quoted below: 

 

"This Regulation lays down the necessary measures to improve the overall performance of 

air navigation services and network functions for general air traffic within the ICAO 

[International Civil Aviation Organisation] EUR [European] and AFI [Africa] regions where 

Member States are responsible for the provision of air navigation services with a view to 

meeting the requirements of all airspace users." 
 

In the regulation, the first reference period (RP1) was determined to be between 2012 and 2014 

inclusive and subsequent reference periods to be of five calendar years each, leading to the second 

reference period (RP2) stretching between 2015 and 2019. The regulation states that one or a limited 

amount of KPIs should be selected for each KPA, and all according to the SMART-model. Performance 

indicators (PI) were also introduced in the regulation, defined as "indicators used for the purpose of 

performance monitoring, benchmarking and reviewing". Furthermore, the regulation stated that each 

performance target should use the same reference periods as the performance scheme. 

 

The regulation also distinguished EU-wide performance indicators from those of national or FABs. 
While all member states were obligated to use the KPIs in the regulation, additional KPIs supporting 
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the EU-wide performance goals were allowed. For RP1, there were no mandatory national or FAB e-

KPIs, RP2 only contained an e-KPI in the form of development of an improvement process on route 

design. Target-setting for EU-wide KPIs should be made by the Commission, while national or FAB 

targets should be set locally.  

 

On an EU-wide level, more specific targets were defined. For RP1 there were two e-KPIs specified: 

 

 The average horizontal en route flight efficiency  

 The effective use of civil/military airspace structures 

 

The second KPI was only to be monitored for RP1 in order to create a baseline, and subsequently set 

targets for RP2. Also, another e-KPI was called for; one that could address the specific airport ANS-

related environment issues. The e-KPIs specified in the regulation are summed in Table 1 and Table 2 

below. 

 
Table 1: RP1 e-KPIs and PIs in regulation 691/2010 

e-KPI EU-wide Local 

The Average Horizontal En Route Flight Efficiency X  

PI   

The Effective Use of Civil/Military Airspace Structures X  

Aid the EC in Development of an E-KPI that Address the 

Specific Airport ANS Environment Issues 
 X 

 
Table 2: RP2 e-KPIs and PIs in regulation 691/2010 

e-KPI EU-wide Local 

The Average Horizontal En Route Flight Efficiency X  

The Effective Use of Civil/Military Airspace Structures X  

PI   

Development of an E-KPI that Address the Specific 

Airport ANS Environment Issues 
X X 

Development of an Improvement Process on Route 

Design, Including the Effective Use of Civil/Military 

Airspace Structures 

 X 

 

Regulation 691/2010 also elaborated on the role the PRB would possess. Key tasks of the body included 

assisting the EC in: 

 

 the collection of performance-related data  

 the definition of new KPAs  

 from RP2 and beyond the definition of new KPIs  

 the setting of EU-wide performance targets 

 the assessment of performance plans 

 the performance monitoring 
 

The same day regulation 691/2010 was passed, the EC also adopted decision C(2010)5134 (EC, 2010b), 

designating EUROCONTROL's Performance Review Commission (PRC) as the acting Performance 

Review Body from notification of the decision until June 2015. The time period for the assignment was 

in 2014 extended until the end of 2016. (EC, 2014a) 

 

Based on the PRB recommendations for RP1 targets (PRC, 2010), the EC decided in 2011 that the EU-

wide target for average horizontal en route flight efficiency indicator was to be an improvement by 

0.75 % compared to 2009 levels. (EC, 2011a) 
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In 2013, the EC adopted regulation 390/2013 (EC, 2013), which can be seen as an advancement of 

regulation 691/2010. This provided new e-KPIs to be implemented on the 1st of January 2015, and at 

the same time abrogating regulation 691/2010. Moreover, the regulation stated that performance 

plans should be drawn up on FAB levels only; unlike regulation 691/2010 which required performance 

plans to be on national or FAB level. The e-KPIs and PIs introduced are listed in Table 3 below. 

 
Table 3: RP2 e-KPIs and PIs in regulation 390/2013 

e-KPI EU-wide Local 

Average Horizontal En Route Flight Efficiency of the 

Actual Trajectory 
X X 

Average Horizontal En Route Flight Efficiency of the 

Last Filed Flight Plan Trajectory 
X  

PI   

Effectiveness of Booking Procedures for Flexible Use of 

Airspace3 (FUA) 
X X 

Rate of Planning of Conditional Routes (CDR)4 X X 

Effective Use of CDRs X X 

Additional Time in the Taxi-Out Phase  X 

Additional Time in Terminal Airspace  X 

 

As can be seen in Table 3, the flight efficiency indicator introduced in regulation 691/2010 was in 2013 

divided into two KPIs. The first; en route flight efficiency of the actual trajectory, that later has been 

assigned the abbreviation KEA, is meant to evaluate the performance of the flights. On the other hand, 

the indicator for flight efficiency of the last filed flight plan5, today abbreviated KEP, is meant to 

evaluate the performance of the airspace design. The KPIs compare the last filed flight plan and the 

actual trajectory respectively with the shortest great circle route distance.  

 

The first three PIs in Table 3, related to FUA and CDR, are connected to airspace management rather 
than ATM and will together with the other metrics found in Table 3 be explained further in Chapter 4.  

 

In March 2014, the EC set targets for RP2, i.e. to be reached in 2019, for the two EU-wide e-KPIs in 

implementing decision 2014/132/EU. (EC, 2014b) The targets are presented in Table 4 below: 

 
Table 4: RP2 e-KPI targets 

e-KPI Target 

Average Horizontal En Route Flight Efficiency 

of the Actual Trajectory 
At least 2.6 % 

Average Horizontal En Route Flight Efficiency 

of the Last Filed Flight Plan Trajectory 
At least 4.1 % 

 

3.1.2 EUROCONTROL 

EUROCONTROL is an international organisation that was founded in 1960, and consists of 40 member 

states. (EUROCONTROL, 2014b) The organisation has many tasks, of which the most extensive are: 

 

 ANSP for the Netherlands, Belgium, Luxembourg and northern Germany at Maastricht Upper 
Area Control Centre 

 Handling billing across Europe at the Central Route Charges Office 

                                                           
3  FUA is a concept based on the idea that an airspace should be used flexibly and not be designated as either military or 

civil. This is further explained in 3.1.2. 

4  CDR is a flight route that is only available for flight planning under specific conditions. (Skybrary, 2011b) 

5  さA flight plan is a specified information provided to air traffic services units, relative to an intended flight or portion of a 

flight of an aircraft.ざ (ICAO, 2005) 
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 Managing the ATM network as the Network Manager (NM) 

 Supporting regulatory activities at the EC, European Aviation Safety Agency (EASA) and NSAs 

 Participating in research, development and validation 

 

EUROCONTROL plays an important role in reducing the CO2 emissions generated from aviation in 

Europe. The organisation has conducted several projects and developed tools aiding stakeholders in 
improving their environmental performance.  

 

Base of Aircraft Data (BADA), developed by EUROCONTROL, is a licence protected tool containing 

performance and operating procedure data for 338 aircraft types. (EUROCONTROL, 2014c) The 

purpose of BADA is traffic predictions and trajectory simulation. Another EUROCONTROL creation is 

the Advanced Emission Model (AEM) (EUROCONTROL, 2014d), which enables the user to accurately 

estimate the mass of fuel burnt, as well as a selection of gaseous and particulate emissions generated 

by a specific flight. The model utilises trajectory data from BADA, combined with data of aircraft- and 

engine type. The tools described provide for precise estimation of e.g. emission effects by 

implementation of new procedures, and indeed KPIs related to environment. 
 

EUROCONTROL developed the concept of Flexible Use of Airspace (FUA), which was introduced in 1996 

as a response to increasing air traffic. (Skybrary, 2013) The FUA concept is that airspaces no longer are 

purely civil or military, that segregation between civil- and military users is only temporary and that 

national borders are not defining airspace boundaries; therefore essentially integrating airspaces. FUA 

increase efficient use of airspaces, and thus increase flight efficiency. (EUROCONTROL, 2014e; 

EUROCONTROL, 2014f) Advanced Flexible Use of Airspace (AFUA) is a progressed concept of FUA, 

enabling an even more dynamic use of airspace. (EUROCONTROL, 2010) 

 
Furthermore, EUROCONTROL initiated the introduction of a European Free Route Airspace6 (FRA) 

concept in 2008. Before FRA, users had to plan routes that followed a sequence of waypoints between 

the entry- and exit point of an airspace. FRA allows users to plan direct from entry- to exit point, 

resulting in substantial environmental benefits. 

 

As stated in Chapter 3.1.1, the EC designated EUROCONTROL's PRC as the PRB for the SES in 2010 (EC, 

2010b); having the purpose of advising the Commission on future performance targets, monitoring the 

EU-wide performance indicators in the four different KPAs, and assessing national or FAB performance 

plans. (EUROCONTROL, 2014g; EC, 2012b) PRC was created in 1998 by EUROCONTROL, for the purpose 

of reviewing the European ANS system's performance. As PRB, the PRC has developed a performance 
monitoring tool7, which assists NSAs in their monitoring of KPIs. (EUROCONTROL, 2014h) The PRC 

annually produce reports in which the performance related to KPIs specified in the performance 

scheme is presented. (PRC, 2013)  

 

In 2011 the Commission nominated EUROCONTROL as the European NM until the end of RP2, i.e. 2019. 

(EUROCONTROL, 2011; EC, 2011b) As NM, EUROCONTROL has the responsibility to optimise European 

ATM network performance by improving airspace design and flow management, as well as managing 

scarce recourses; e.g. allocation of transponder codes and radio frequencies. (EC, 2011c) 

 

As NM, EUROCONTROL also has the assignment to produce a Network Strategy Plan (NSP), which 
outlines strategies for reaching the network performance targets as set by the EC. In the NSP for RP2, 

                                                           
6  さA specified airspace within which users may freely plan a route between a defined entry point and a defined exit point, 

with the possibility to route via intermediate (published or unpublished) way points, without reference to the ATS route 

network, subject to airspace availability. Within this airspace, flights remain subject to air traffic control." (EUROCONTROL, 

2012) 

7  The PRC performance monitoring dashboard is available at: http://prudata.webfactional.com/Dashboard/eur_view.html. 



 

10 

i.e. 2015-2019, focus points for the period is described, of which one is: "developing vertical flight 

efficiency indicators, tools and procedures". This is connected to a request from airspace users for 

improved measuring of flight efficiency, as stated in the NSP. (EUROCONTROL, 2014i) 

 

3.1.3 SES 

SES is an initiative that was launched by the EC in 2004 with background in the increasing demand for 

air travel, and the complex situation for European ATM to cope with this increase in an efficient 

manner. Stemming from SES is the Single European Sky ATM Research (SESAR) programme, which is 

the orgaﾐisatioﾐ’s technological division with the goal of achieving the objectives set by SES. SESAR in 

turn, is managed by the SESAR Joint Undertaking (SJU), which was created in 2007 with the EC and 

EUROCONTROL functioning as founding members. The main objective of SES is "to reform the 

architecture of European ATM", which can be divided into the following three key objectives (SJU, 

2014a): 
 

 To restructure European airspace as a function of traffic flows 

 To create additional capacity 

 To increase the overall efficiency of the ATM system 

 

To be able to meet these objectives, four high level goals were set by the EC in 2012, to be reached by 
2020. These high level goals are connected to the SES performance scheme, previously mentioned in 

Chapter 3.1.1, and are presented below. (SJU, 2014a)  

 

 Enable a threefold increase in capacity which will also reduce delays both on the ground and 

in the air. 

 Improve safety by a factor of ten. 

 Enable a 10 % reduction in the effects flights have on the environment through overall reduced 
fuel burn and increased fuel efficiency.  

 Provide ATM services to the airspace users at a cost of at least 50 % less. 

 

The four goals are connected to the KPA presented in Chapter 3.1.1, i.e. capacity, safety, environment 

and cost-efficiency. The third one, environment, is the one of interest for this thesis.  

 

In order for SESAR to meet said goals and increase the efficiency of ATM systems, a guideline called 

the European ATM Master Plan was initiated in 2009, endorsed by SJU. The purpose of this plan was 
to promote performance of ATS in an increasingly trajectory based manner, instead of utilising airspace 

blocks, as well as initialising a more collaborative planning between involved parties. (SJU, 2009) The 

plan is divided into three steps; time-, trajectory-, and performance based operations. The first step; 

time based operations, is the main focus of the most current edition of the master plan, published in 

2012. (SESAR, 2012) This step, with the goal of a harmonised European ATM system, starts from the 

development baseline, which consists of technical and operational solutions that have been or are 

about to be implemented.  The second and the third steps in turn will focus on trajectory based 

operations and performance based operations respectively. (EC, 2012c) 

 

With the above in mind, the goal to reach within step one is a 2.8 % reduction in the effects flights 
have on the environment. With an expected reduction in the range of 4.5-6 % for step two, the overall 

goal of 10 % reduction by 2020 is considered to be within reach. (SJU, 2014b) 

 

In order for this reduction to be possible to quantify, the general goal of the environment KPA is broken 

down and re-expressed further into an e-KPI with the corresponding general strategic objective of an 

environmental impact reduction of 10 %, and a 2.8 % reduction by the end of step one, as stated 
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earlier. The indicator, which is named after its purpose, compares a Gate-to-Gate Overall ANS Related 

CO2 Emissions Index against a baseline from 2005. This KPI is considered in Chapter 4. 

 

The SESAR programme is divided into different work packages wherein there are several research 

projects. (SJU, 2014c) In work package 16 (WP16), titled Research & Development Transversal Areas 

Work Package, research concerning the development of performance indicators is conducted. 

According to EUROCONTROL Project Manager Peter Hullah (2014, pers.comm., 19 Nov), who has been 

active in projects encompassed in WP16, project 16.3.2 defined a selection of KPIs with the purpose of 

analysing the performance of SESAR operational improvements in terms of CO2 emissions, noise and 
airport emissions. These metrics were then passed on to project 16.6.3, which is a project in general 

charge of SESAR environmental work. Hullah further stated that innovative indicators have been 

investigated on and considered within project 16.3.2, however, as they have not yet been approved 

by the SJU, they are not released for the public.  

 

Furthermore, Hullah (2014, pers.comm., 24 Nov) stated that there were four CO2 emissions-related 

metrics listed in the project, which are the following: 

 

 Horizontal Flight Efficiency 

 3 Dimensional Inefficiency (3Di) Score 

 Delta CO2  Normalised CO2 

 

Horizontal Flight Efficiency, or KEA and KEP, is the KPI used on an EU-wide level, described in Chapter 

3.1.1. 3Di is a KPI developed by NATS that measures fuel efficiency, further described in Chapter 3.2.2. 
Delta CO2 is a metric developed by the airline SAS, described further in Chapter 3.3.2. Normalised CO2 

was developed by AVTECH and is discussed in Chapter 3.3.3. 

 

3.1.4 ICAO 

In 1944 ICAO was created as per the signing of the Convention on International Civil Aviation, also 

known as the Chicago Convention. (ICAO, 2014a) The United Nations-based (UN) organisation works 

with the 191 contracting states and other UN bodies and aviation organisations to develop Standards 

and Recommended Practices, which in turn are interpreted and referenced by States when developing 

national aviation laws. This is done in accordance with ICAOs vision to achieve a sustainable growth of 

the global civil aviation system. (ICAO, 2014b) 

 

ICAOs environmental strategic objective is to minimise the environmental impact connected to civil 

aviation activities, which can be broken down into the following three main goals (ICAO, 2014c; ICAO, 
2014d): 

 

 Limit or reduce the number of people affected by significant aircraft noise 

 Limit or reduce the impact of aviation emissions on local air quality 

 Limit or reduce the impact of aviation greenhouse gas emissions on the global climate 

 

Subjects related to goals of this magnitude are, among other things, discussed during the ICAO 
Assemblies, which is the organisation's sovereign body consisting of representatives from the member 

states and other international organisations. It was after the 35th ICAO Assembly in 2004 that the 

strategic goals were implemented. (ICAO, 2004) 

 

The Assembly meets at least once every third year and is governed by the ICAO Council. This council is 

in turn supported by the technical committee of the ICAO Council, also known as the Committee on 

Aviation Environmental Protection (CAEP). In order for the Council and CAEP to ensure that progress 
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was made toward the strategic goals, several High-Level Indicators (HLI) were introduced, of which one 

related to the environment. (ICAO, 2009; ICAO, 2013b) 

 

The environmental HLI in question takes into consideration fuel consumption, either with regard to 

Available Tonne-Kilometre (ATK) or Revenue Tonne-Kilometre (RTK). Final metrics relating to fuel 

consumption have not, as of 2009, been defined by neither CAEP nor the Group on International 

Aviation and Climate Change (GIACC). However, endorsements for two options regarding fuel 

efficiency metrics have been made, presented in Equation 1 and 2 below: 

 

 警結建堅件潔 な = 繋憲結健 兼欠嫌嫌 潔剣券嫌憲兼結穴�欠検健剣欠穴 × 経件嫌建欠券潔結  (1) 

 

 警結建堅件潔 に = 詣件建堅結嫌 剣血 血憲結健 潔剣券嫌憲兼結穴��計  (2) 

 

Both metrics above are considered further in Chapter 4. 

 

During the 37th ICAO Assembly in 2010, goals were agreed upon for the international aviation sector 

to reach. The aim was an improved fuel efficiency by 2 % each year and keeping the net CO2 emissions 

at constant levels, with the baseline set at levels from 2020. (ICAO & ATAG, 2014a)  

 

These goals were re-established at the 38th ICAO Assembly in 2013. During this meeting it was also 

concluded that a Market Based Measure would be developed for international aviation. This measure, 

in addition to improved infrastructure connected to ATM, new technology, alternative fuels and 
operational improvements, is an important tool in order to reach the industry's overall goal to halve 

the net CO2 emissions by 2050, compared to 2005 levels. (ICAO & ATAG, 2014b) 

 

The Market Based Measure will be discussed further during the 39th ICAO Assembly in 2016, and will 

be considered for implementation by 2020. (ICAO, 2013c) 

 

Moreover, ICAO has established the following eleven KPAs; access and equity, capacity, cost-

effectiveness, efficiency, environment, flexibility, global interoperability, participation by the ATM 

community, predictability, safety and security. The KPA of interest for this thesis is environment. 
Expectations by the general ATM community were the basis for these KPAs, which constitute the 

highest level of categorisation framework for performance measurement, on a global level. (ICAO, 

2012a) The implementation of a performance framework along with a performance based approach 

to air navigation planning was initiated at the Eleventh Air Navigation Conference, held in 2003. The 

performance framework and performance based approach are both part of the Global Air Navigation 

Plan (GANP), which serve the purpose of providing strategies to reach ICAOs strategic objectives. 

(ICAO, 2013d) In turn, the general purpose of the performance framework is to provide a better 

understanding of the effects performance changes on a lower level can have on higher level objectives. 

The framework follows the hierarchy presented below (ICAO, 2012b): 

 
1. KPA: The defined key performance areas.  

2. Focus areas: Areas where performance within a KPA must be addressed.     

3. Performance objectives: High level statements of outcome that satisfies the expectations 

4. Performance targets: Numbers representing the minimum performance levels at which an 

objective can be considered reached.  

5. Key performance indicators: Measures achievement of the performance objectives 

6. Performance metrics: Measuring system performance through the use of data.  
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The measuring approach of the KPAs is based on regional metrics chosen by the planning and 

implementation regional groups within ICAO, e.g. kilogram of CO2 reduced per flight, in terms of the 

KPA environment. (ICAO, 2012b) In addition to this, affected states have realised that support to the 

regional performance metrics is vital, primarily in the areas of data collection, data processing, storage 

and reporting activities, in order for the performance based strategies to be successful. (ICAO, 2013d)  

 

During the World ATM Congress 2014, the ICAO European and North Atlantic Office presented a first 

set of KPAs with related objectives, KPIs and metrics connected to eleven ICAO KPAs previously 

mentioned. (ICAO, 2014e) These were selected for implementation in accordance with the 
performance framework. The KPA related to the environment had the objective to reduce CO2 

emissions and save fuel.  

 

At the Twelfth Air Navigation Conference, held September 2012, it was concluded that a more uniform 

and standardised global measuring approach was desirable. (ICAO, 2012c) Recommendations for an 

evaluation regarding the development of common ANS performance metrics and indicators to support 

the ICAO framework were also proposed. 

 

There are several tools and initiatives utilised within the industry to evaluate environmental effects, 

some of which ICAO are involved with. Three examples of tools used by ICAO are the Aviation 
Environmental Design Tool (AEDT), the ICAO Fuel Savings Estimation Tool (IFSET) and the ICAO Carbon 

Emissions Calculator, all of which will be explained below.  

 

AEDT is an interdependent tool developed by the US Federal Aviation Administration (FAA) that 

enables investigations of environmental scenarios. The tool takes factors related to emissions, fuel 

burn and noise into consideration, which through the use of data input and assumptions can lead to 

predictions regarding environmental consequences. AEDT can be used on its own or in conjunction 

with other components provided in the tool suite, consisting of e.g. the identification of new aircraft 

types, analyses of alternative fuels and environmental impact. Moreover, after a process of validation 

and verification by CAEP the tool was officially accepted by ICAO for use. With this taken into 
consideration, the AEDT is expected for use to analyse the proposed CO2 emissions standard, which 

will be discussed during the tenth meeting of the CAEP in February 2016. (ICAO, 2013e) 

 

Another tool used by ICAO is IFSET, which was developed in order to provide assistance to states 

without the capability of detailed measurements in terms of fuel savings. It is supposed to work 

consistently with other CAEP approved models and is intended to be applicable on a global level with 

the capability to analyse how fuel consumption is affected before and after operational changes on 

different levels. (ICAO, 2011) The operational changes that IFSET can analyse are availability of the 

optimal altitude, taxi time, cruise distance in relation to time and changes regarding arrival and 

departure procedures. (ICAO, 2013e) 
 

In 2006 ICAO, through CAEP, initiated the development of the ICAO Carbon Emissions Calculator as a 

response to the general confusion regarding emission calculations at the time. The tool is based on 

public data and was developed with a clear and direct design with the additional purpose of being 

compatible for use with other programs. Furthermore, following the 37th ICAO Assembly, add-ons to 

the calculator made it available for use by states to estimate their aviation emission impact. (ICAO, 

2013e) 

 

3.1.5 CANSO 

CANSO is an organisation for ANSPs around the world whose members supports over 85 % of world 

air traffic. (CANSO, 2014a) The vision CANSO has is "to be the recognised leader in transforming global 

air traffic management (ATM) performance". (CANSO, 2014b)  
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Since the formation of the organisation in 1996, CANSO has launched a number of strategic plans.  

(CANSO, 2014c) The latest addition was introduced in 2013, and is called Vision 2020. It is stated to be 

"the most comprehensive strategic framework and supporting programme ever created in CANSO and 

the ATM industry." (CANSO, 2014d) 

 

Vision 2020 aims to "transform global ATM performance and achieve seamless, efficient and safe 

airspace globallyざ. (CANSO, 2013a) Among other things, the strategic plan formulates values that 

correspond to areas where action is required to enable the transformation. Each action area is broken 
down into activity areas that specify the scope of the action area.  One of the activities formulated is 

environment, stating that CANSO will focus on providing guidance for minimising environmental 

impact of air traffic. (CANSO, 2013a)  

 

Even before Vision 2020, environment has been a part of CANSOs priorities. (CANSO, 2012c) In 2012, 

CANSO released efficiency goals for 2050 (CANSO, 2012a), which identified ATM's contribution to 

aviation CO2 emissions in relation to the Iﾐtergo┗erﾐﾏeﾐtal Paﾐel oﾐ Cliﾏate Chaﾐge’s ふIPCC) 

estimation from 1999, which stated that improving ATM systems could reduce fuel burn by 6-12 %. 

(IPCC, 1999) The updated estimated inefficiency of the ATM system was, according to the report, 6-8 

%. (CANSO, 2012a)  
 

This estimation also included interdependencies, which are factors making an ATM system 100 % 

efficient unreachable. Such factors are e.g. safety separations, weather avoidance, airline practices etc. 

Interdependencies in the ATM system were estimated to be accountable for half the total inefficiency 

of the system. (CANSO, 2012a) 

 

Having the above in mind, CANSO's goal for 2050 was stated to completely erase the inefficiency not 

accountable to interdependencies, i.e. reaching an efficiency of 95-98 %. 

 

CANSO has released two documents on the matter of measuring environmental performance of 
ANSPs, although it is stated that there are no accurate models on the area. (CANSO, 2012c) The 

documents present suggestions on how to measure environmental efficiency, as well as methods to 

assess inefficiencies in airspace design. Performance indicators related to global levels are presented 

in Table 5, below. (CANSO, 2012c) 

 
Table 5: Global performance indicators 

No. e-KPI 

1A. Total Annual CO2  for All Airspace of ANSP X (hereafter referred to as Total Annual CO2 A)  

1B. Total Annual CO2  for Domestic Airspace of ANSP X (hereafter referred to as Total Annual CO2 B) 

1C. 
Total Annual CO2 for All ANSP X Domestic Airspace per Flight En Route (hereafter referred to as 

Total Annual CO2 C) 

1D. 
Total Annual CO2 for ANSP X Domestic Airspace per Kilometre Flown En Route (hereafter 

referred to as Total Annual CO2 D) 

1E. 
Total Annual CO2 for ANSP X Domestic Airspace per Kilometre of the Total ANSP X Network En 

Route (hereafter referred to as Total Annual CO2 E) 

1F. 
Total Annual CO2 for ANSP X Ground Operations at Airports Where a Control Service is Provided 

(hereafter referred to as Total Annual CO2 F) 

2. Total CO2 for ANSP X in En Route Airspace 40 nm from Departure to 100 nm on Arrival 

3. 
Total CO2 Emissions Attributed to Terminal Area Delay Absorption Thru S-turns, Airborne 

Holding/Trombone (includes excess lateral movement/time in descent phase) 

4. Average CO2 per Flight in Domestic Airspace and on the Ground at Airports 

5. Annual Average CO2 at ANSP X Airport per Kilometre of Airport Taxiway 

6. 
Annual Average CO2 per Flight From Gate to Gate (en route and Landing and Take-Off (LTO) 

cycle) 

7. Vertical Profile on Descent 
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The performance indicators listed on the previous page have not been assigned equations in the 

CANSO document, and no more information regarding these have been found. The indicators are 

considered in Chapter 4. 

 

Moreover, CANSO lists metrics that, as of 2013, were in use. (CANSO, 2013b) These are presented in 

Table 6, below. 

 
Table 6: Current e-KPIs related to fuel burn 

No. e-KPI Description 

1. 
Excess Time Flown 

Converted to Fuel 

Measured by additional time versus an unimpeded 

time and converted for various aircraft types. This 

method can apply to the taxi phase or any flight phase 

as a first approximation. 

2. Vertical Inefficiency 
Measured by level flight segments on departure or 

approach as well as non-optimal cruise altitudes. 

3. Excess Distance Flown 

Measured in nm or kilometres, a potential proxy for 

fuel burn and emissions in cruise and arrival phases. 

(Note, excess Distance and Vertical Inefficiency can be 

combined.) 

4. 
Excess Fuel on Oceanic 

Routes 

Measured as a modelled optimum versus actual fuel 

burn. Requires sophisticated wind modelling. 

5. 
Percentage Achievement 

of CCO8 and CDO9 
Evaluates the success rate of CCOs and CDOs. 

6. 3Di Score 

Evaluates entire trajectory for distance (horizontal) 

and vertical based inefficiencies within United 

Kingdom (UK) airspace. 

 

All of the metrics listed in Table 6 above have been considered in Chapter 4.  

 

On a yearly basis the organisation release a report on global ANS performance. (CANSO, 2014e) Until 
present, these reports only present the performance of the participating ANSPs in an economic view. 

Additional information, including environmental, is under development to be included in the future. 

(CANSO, 2012c; CANSO, 2013b) 

 

3.2 Air navigation service providers 

In order to assess if the various ANSPs in Europe are reaching the EU wide goals, the NSAs of each 

nation are required to follow the SES performance scheme, mentioned in Chapter 3.1.1. This is 
achieved by producing NPPs where performance targets for the four KPAs, safety, environment, 

capacity and cost-efficiency, are presented.  

 

According to the RP2 performance plans presented by each European FAB, with the exception of Blue 

Med FAB and NATS, no additional e-KPIs except for KEP and KEA were, as of the publication of said 

performance plans, presented. In the PRB assessment report of the RP2 performance plans, it is stated 

that the Blue Med FAB has adopted four additional indictors. Relevant information about these 

indicators has not been obtain as no fruitful contact with the individual ANSPs within the FAB was 

established and, according Michael Gommers (2014, pers.comm., 14 Nov) at the PRU, the EC have not 

yet published the performance plans. (PRB, 2014) 
 

                                                           
8  Continuous Climb Operations (CCO) is a concept during which a departing aircraft climbs without interruptions, while also 

utilising an optimal climb profile until reaching cruising level. (Skybrary, 2014a) 

9  Continuous Descent Operations (CDO) is an operation where an arriving aircraft descends continuously, while employing 

minimum engine thrust. (Skybrary, 2014a) 
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To He aHle to assess LFV’s situatioﾐ iﾐ regard to eﾐ┗iroﾐﾏeﾐtal ┘ork, aﾐ uﾐderstaﾐdiﾐg of LFVs ┘ork 
in the area is required and will be the initial focus. Thereafter, a description of NATS and DSNA will 

follow. 

 

3.2.1 LFV 

LFV is a public enterprise responsible for ANS in Sweden. Their mission is to provide services for civil 

and military traffic that are safe and efficient while still maintaining as low an environmental impact 

as possible. (LFV, 2014a) The Swedish NSA supervising LFV is Transportstyrelsen. (LFV, 2014b) 

 

In accordance with directives from the EC, the Swedish NSA Transportstyrelsen, together with their 

Danish counterpart, Trafikstyrelsen, developed a performance plan in 2011. (Trafikstyrelsen; 

Transportstyrelsen, 2011) This plan takes into account the requirements set in the SES performance 

scheme in the areas of safety, capacity and cost-efficiency. As the performance plan was valid for RP1, 
no national or FAB environmental targets were required, and therefore not set. However, the plan still 

contains aspects that could contribute toward reaching the EU wide goals in the area of environment.   

 

First of all, route improvements were made, both in the Swedish and Copenhagen flight information 

regions (FIR) as per the implementation of the DK-SE FAB. Secondly, the introduction of FRA, which is 

explained further in Chapter 3.1.2, was expected to shorten the flight routes by 1.3 % from 2012, 

compared to before the implementation. (Trafikstyrelsen; Transportstyrelsen, 2011) According to the 

PRB, this relatively marginal improvement could be attributed to the fact that the flight efficiency in 

the FAB was already well developed. (PRC, 2011)  

 
In 2014, the DK-SE FAB performance plan for RP2 was submitted. (Trafikstyrelsen; Transportstyrelsen, 

2014) Although improvements have already been made in terms of shortened flight routes, the route 

network will be continuously reviewed during RP2 in order for further improvement to be possible. 

The main aim for RP2 in terms of FRA is to develop a framework for the implementation of a North 

European Free Route Airspace (NEFRA), which could potentially lead to an overall environmental 

performance improvement in northern Europe. This initiative is planned for implementation in 2015. 

 

With FRA already implemented in DK-SE FAB, in addition to the utilisation of AFUA, further system 

optimisation can prove difficult and might only leave room for marginal improvements. With the above 
taken into consideration, reaching the KEA goal set for the FAB in 2019 may prove challenging. In order 

to achieve this goal, it is imperative that the airliners actually utilise the most direct flight trajectories 

available. Moreover, non-financial incentives connected to KEA will be used during RP2 in order to 

address possible underperformance in relation to the set targets. (Trafikstyrelsen; Transportstyrelsen, 

2014) In terms of flexible booking procedures connected to airspace allocation through FUA, the 

Swedish state has reported 100 % uptime in terms of time used in relation to time allocated. (PRB, 

2012) 

 

In 2009, LFV handed the Swedish Defence Research Agency (FOI) the assignment to develop 

suggestions on e-KPIs to be used to evaluate gate-to-gate ANS related performance. The e-KPIs were 
to be used for measurements of environmental performance improvements and assessing the effect 

of introduced environmental efforts. FOI delivered a number of e-KPIs which, along with definitions, 

are presented in Table 7, below. (FOI, 2010) 

 
Table 7: e-KPIs developed by the Swedish Defence Research Agency 

No. e-KPI Description 

1. Flown Distance Average distance for each arriving and/or departing flight. 

2. Extra Flown Distance 
Average extra distance flown, in relation to optimal trajectory, 

for each arriving and/or departing flight. 
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3. 
Fuel Burn  

(Flown Distance) 

Approximated fuel burn for each flight, derived from KPI 1 

(flown distance) and a representative fuel burn constant. 

4. 
Fuel Burn 

(Extra Flown Distance) 

Approximated fuel burn for each flight, derived from KPI 2 

(Extra Flown Distance) and a representative fuel burn 

constant. 

5. 

Percentage of 

Completed Green 

Approaches10 

Ratio between completed- and failed uninterrupted green 

approaches. 

6 

Time in/Percentage 

Level Flight during 

Climb/Descent 

Average time in level flight for each flight during climb- and/or 

descent phase or ratio between time in level flight and time in 

climb- or descent phase. 

7. Taxi Time 
Average time used for taxi for each arriving and/or departing 

flight. 

 

Out of the e-KPIs presented in Table 7 above, FOI recommended the e-KPIs Extra Flown Distance (KPI 
2) and Time in/Percentage Level Flight during Climb/Descent (KPI 6) for use by LFV. The 

recommendations were based on evaluations using the SMART-model as well as reactions from 

conducted interviews and workshops. LFV has since 2009 been utilising a KPI similar to KPI 5, measuring 

the percentage of completed CDO-STAR. (Bergviken, 2014, pers.comm., 28 Dec) A CDO-STAR is 

principally comparable to a green approach. A completed approach using CDO-STAR can, according a 

study conducted in 2009 collaboratively by SAS and LFV, save 56 kg of fuel burn per approach for a 

Boeing 737, compared to a normal approach. (Stibor) This KPI along with the KPIs developed by FOI 

are considered in Chapter 4.  

 

Moreover, LFV has since this report developed the environmental monitoring tool GAIA, which 
incorporates flight plan data and radar data. The latter is collected from LFVs ATM Surveillance Tracker 

and Server (ARTAS), which is a radar surveillance tool that compile data from twelve different radar 

stations. (Bergviken, P., 2014, pers.comm., 8 Dec) Utilising this tool, LFV have been able to calculate 

and graphically visualise a number of e-KPIs, including KPI 6 above. GAIA was developed for the 

purpose of internal assessment of the operational performance of the ANSP. 

 

According to Patrik Bergviken (2014, pers.comm., 8 Dec) LFV, the most anticipated development 

possibility for GAIA is the utilisation of aircraft data through an integration with BADA. This would 

enable the use of e-KPIs that are directly connected to fuel burn, and thus allowing the possibility to 

bypass metrics connected to time in level flight and extra flown distance. Moreover, the incorporation 
of ground radar data into the tool is another future prospect. 

 

3.2.2 NATS 

NATS, or the National Air Traffic Service, is the main ANSP in the UK. (CAA, 2014a) The organisation 

provides ATS regulated by, and under licence from, the Civil Aviation Authority (CAA), which is the NSA 

in the UK.  Moreover, NATS is in turn divided into two main service companies; NATS En Route PLC 

(NERL), which is responsible for the civilian en route traffic, and NATS Services Ltd (NSL), which provide 

ATC at airports as well as technical services related to ATC. 

 

In accordance with requirements specified in the SES performance scheme, the environmental targets 

for RP1 were only set on an EU-wide level. However, there were, as of 2011, initiatives underway in 

the UK that would have a positive effect on the environment. In addition, there were also projects 

instigated on a UK-Ireland FAB level. Examples of such projects are en route Shannon Upper Air Space 
Redesign and Night Time Fuel Saving Routes and continuous descent operations for Manchester 

arrivals. (CAA, 2011) 

                                                           
10  さA green approach is achieved by the aircraft using an even descent (a so-called Continuous Descent Approach CDA) with 

minimum thrust.ざ (LFV, 2013) 
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Furthermore, NATS were in 2011 developing a flight inefficiency metric named 3D inefficiency (3Di) 

Score. This tool combines the inefficiencies in the horizontal- and vertical plane of the flights, and 

calculates an index that can be used for reference. (NATS, 2014a) 3Di Score was implemented as a KPI 

for the UK only during RP1, along with targets and financial incentives to reach these. (Jopson, I., 2014, 

pers.comm., 17 Nov; CAA, 2011) 3Di Score is further explained in Chapter 4.  

 

Connected to 3Di Score is the newly, as of 19 November 2014, implemented Flight Optimisation 

System (FLOSYS), which combines the 3Di Score efficiency metric with actual radar data, creating a 
geographical representation of all the flights in UK airspace. This tool enables air traffic controllers to 

analyse the effects each individual flight has in terms of inefficiencies connected to e.g. routing or 

continuous climbs and descents. (NATS, 2014b) 

 

For RP2 the EU-wide targets connected to KEA are set on a FAB level. UK-Ireland FAB has adopted KEA 

targets and connected incentives for 2015-2019, and thus has passed a performance plan assessment 

by the PRB. (PRB, 2014) There are also targets and incentives connected to the 3Di Score metric for 

the UK part of the FAB, as in RP1. Ian Jopson, head of Environmental and Communication Affairs at 

NATS, (2014, pers.comm., 17 Nov) stated that the Irish Aviation Authority (IAA) after discussions with 

NATS decided against the usage of 3Di Score on a FAB level for RP2. In addition to KEA and 3Di Score, 
financial incentives to NATS for the implementation of a harmonised transition altitude has been 

provided for RP2. (CAA, 2014b) 

 

However, according to the PRB, the link between the targets of the 3Di Score and the KEA KPIs is not 

sufficiently explained; thus it is not possible to assess whether or not the 3Di Score metric actually 

contributes to an improved environmental performance. (PRB, 2014) 

 

Jopson also states that NATS prefer the use of 3Di Score to KEA, as it takes the entire trajectory of a 

flight, including both the vertical and horizontal planes, into consideration. Also, it does not exclude 

40 nm around an airport. This, he states, provides for a more accurate estimation of airspace efficiency; 
something their customers and regulator (CAA) agree upon. 

 

According to Hullah (2014, pers.comm., 24 Nov) 3Di is a great indicator for showing the performance 

of an ANSP. However, it does not help in determining CO2 emissions savings of different operational 

procedures.  

 

3.2.3 DSNA 

The Direction des Services de la Navigation Aérienne, or DSNA, is the French ANSP and is designated 

H┞ the DireItioﾐ de la “éIurité de l’A┗iatioﾐ Civile (DSAC), the French NSA, to provide ATS throughout 

the whole French FIR, in addition to controlled airports.  (FABEC, 2011) 

 

In accordance with rules set out for European ANSPs and NSAs, DSAC has, together with the 

corresponding organisations of the five other member states of the FAB European Central (FABEC), 
Germany, Belgium, Luxembourg, the Netherlands and Switzerland, presented performance plans for 

RP1 and RP2. (FABEC, 2011) 
 

Neither in the RP1 nor the RP2 performance plans were any additional e-KPIs, apart from the 

mandatory KEA, presented. (PRB, 2014) However, in the RP2 performance plan it is stated that the 
individual FABEC ANSPs are working on local projects to improve e.g. airspace design in order to meet 

European network demands. (FABEC, 2014) 

 

Despite the fact that no additional e-KPIs were presented on a FAB level, DSNA have been developing 

a new e-KPI called 3D Flight Efficiency (3DFE), which takes all geometrical (horizontal and vertical) 
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inefficiencies into account. (Troit, R., 2014, pers.comm., 1 Dec; DSNA, 2013)  The indicator is calculated 

by a tool named Carpe Diem, also developed by DSNA. The development of this e-KPI was initiated 

with basis in the fact that the EU-wide KPI KEA only takes into consideration en route horizontal 

inefficiencies and due to the fact that these inefficiencies, according to DSNA, only represent 25 % of 

the total inefficiencies. 

 

According to Romain Troit (2014, pers.comm., 2 Dec), DSNA/Performance Unit, the reason for 3DFE 

not being presented in the RP2 performance plan is due to the fact that there are not yet any targets 

set for the indicator. Furthermore, there are presently no plans to introduce the KPI on a FAB level. 
 

3DFE is, according to DSNA, an improvement of the previously mentioned KEA indicator and NATS 3Di 

Score. (DSNA, 2013) KEA only takes into consideration the horizontal inefficiencies, while the 3D Flight 

Efficiency indicator also incorporates the vertical inefficiencies, as previously mentioned. Moreover, in 

contrast to the 3DFE, KEA does not consider the weight of the aircraft, i.e. possible differences of CO2 

emissions from e.g. a light and a heavy aircraft is not measured. While the 3Di Score has, again 

according to DSNA, a few advantages over KEA, it does not consider the weight factor either. The 3D 

Flight Efficiency indicator is explained further in Chapter 4. 

 

3.3 Other stakeholders 

The airport group Swedavia and their work in the environmental area is presented here, along with 

the airline SAS and their development of the environmental metric Delta CO2.  

 

3.3.1 Swedavia 

Swedavia is a Swedish state-owned airport company, created in 2010. The company operate in the 

airport and estate business and runs ten airports in Sweden. (Swedavia, 2014a) 

 

In terms of the environment, Swedavia has several objectives, out of which the most high-reaching is 

a goal of zero CO2 emissions from own operations by 2020. In order to reach this goal the company is 

working actively in the areas of renewable energy and alternative fuels. As of 2013, Swedavia’s CO2 
related emissions have reduced with 68 % with a baseline set at 2005 and is well underway to reaching 

the goals set. Moreover, all of the ten airports under Swedavias control are certified by the Airport 

Carbon Accreditation, which is an international airport carbon management certification standard. 

According to this international standard, Swedavia is the leading airport group in the world in terms of 

airport carbon emissions reductions. (Swedavia, 2014b) 

 

Swedavia is together with LFV actively working towards improving the possibilities for airliners to 

operate more environmentally efficiently in the vicinity of the aerodromes. (Bergviken, P., 2014, 

pers.comm., 8 Dec) Currently, focus is also on methods to utilise for measurement of the 

environmental impact connected to this area. An example of this is Swedavia Arlanda’s development, 
in cooperation with Arlanda control tower, of a collaborative decision making-system utilising 

coordinated taxi-out times to avoid aircraft departure queues. (Bergviken, P., 2014, pers.comm., 8 Dec) 

 

3.3.2 SAS 

SAS is a northern European airline that has developed the Delta CO2, or Delta Fuel Burn, metric; a 

performance metric for their Boeing 737s capable of calculating the excess amount of fuel an entire 

flight mission has burnt compared to a theoretical reference flight. (Ekstrand, 2013) The calculations 

are based on data obtained from the flight data recorder11 and Boeing Performance software, causing 

highly accurate results.  

                                                           
11  さA flight data recorder is device used to record specific aircraft performance paraﾏeters.ざ (Skybrary, 2014b) 
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Delta CO2 has, among other capabilities, provided the possibility to evaluate energy efficiency for the 

arrival- and departure phases at different airports. Ekstrand (2013) states, based on SAS Delta fuel burn 

data, that improvements on arrival phase should be prioritised over the departure phase, in 

IoﾐtradiItioﾐ to ﾏaﾐ┞ stakeholders’ opiﾐioﾐ. The metric is considered in Chapter 4. 

 

3.3.3 AVTECH 

AVTECH is a Swedish innovation company founded in 1988 that operate in the ATM field through the 

development of solutions connected to e.g. operational efficiency and capacity. (AVTECH, 2014) 

 

Relevant to this thesis is AVTECH´s development of their Efficiency Analyzer which compares actual 

flight profiles with simulated optimal trajectories, during the descent phase in a Terminal Manoeuvring 

Airspace (TMA) environment. (AVTECH, 2012) The difference between the actual and optimal 
trajectories is presented as a percentage of fuel consumed and CO2 emissions, which can be done for 

each segment of the arrival. The Efficiency Analyzer can be used to analyse the effects new optimised 

descent procedures entail, which can prove useful for airliners and airports for follow up purposes in 

terms of actual achieved efficiency levels. Moreover, the tool use data collected by the operator via 

their aircraft flight data recorders.  

 

The Efficiency Analyser can be used in combination with the Environmental Analyzer, also developed 

by AVTECH, in order to generate noise and emission baselines. The emission part of the Environmental 

Analyzer tool is used to forecast the CO2 and nitrogen oxide emissions during approach procedures. 

The tool utilise BADA data to calculate fuel burn and CO2 emissions. 
 

Connected to this is the Normalization Process, which is a method that enables comparison of fuel 

burn between flights by putting them in the same reference state, with wind, temperature, weight and 

altitude taken into consideration. Using the Normalization Process, the Efficiency Analyzer combined 

with the Environmental Analyzer, produces a metric called the Normalised CO2, which is considered 

further in Chapter 4. 
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4 Identified metrics and selection for analysis 

In this chapter identified environmental metrics, including KPIs, PIs and metrics, are firstly summarised 

and presented, after which an initial selection of relevant indicators subject to further investigation is 

conducted. Finally, results from the selection are presented. 

 

4.1 Identified e-KPIs 

The metrics identified in the previous chapter are presented as e-KPIs in Table 8, below. 
 
Table 8: Summary of e-KPIs 

No. e-KPI Description 
Mathematical 

model found 
Source 

1. KEA 
Average horizontal en route flight efficiency of the actual 

trajectory. 
Yes EU 

2. KEP 
Average horizontal en route flight efficiency of the last filed 

flight plan trajectory. 
Yes EU 

3. 

Effectiveness of 

Booking Procedures 

for FUA 

Ratio between the time that the airspace was segregated 

from general air traffic and the time the airspace was used 

for the activity the segregation was based on. 

No EU 

4. 
Rate of Planning of 

CDRs 

The rate of aircraft filing flight plans via CDRs in relation to 

the number of aircraft with the possibility of such planning. 
No EU 

5. 
Effective Use of 

CDRs 

Ratio of aircraft using the CDRs and the amount of aircraft 

that could have used them. 
No EU 

6. 
Additional Time in 

the Taxi-Out Phase 

Time difference between actual taxi-out time and 

unhindered taxi times based on taxi-out times in low periods 

of traffic. Expressed in minutes per departure. 

No EU 

7. 
Additional Time in 

Terminal Airspace 

Difference between Arrival Sequencing and Metering Area 

(ASMA) transit time and unhindered ASMA transit time 

during low periods of traffic. ASMA is defined as a virtual 

cylinder, stretching 40 nm from the arrival airport, and 

ASMA transit time as the time an aircraft enters the cylinder 

related to the aircrafts actual landing time. (EUROCONTROL, 

2013b) 

No EU 

8. 

Gate-to-Gate 

Overall ANS Related 

CO2 Emissions Index 

The overall ANS related CO2 emissions index, from Gate-to-

Gate are measured. 
No SES 

9. 
Excess Time Flown 

Converted to Fuel 

Measured by additional time versus an unimpeded time and 

converted for various aircraft types. This method can apply 

to the taxi phase or any flight phase as a first approximation. 

No CANSO 

10. Vertical Inefficiency 
Measured by level flight segments on departure or approach 

as well as non-optimal cruise altitudes. 
No CANSO 

11. 
Excess Distance 

Flown 

Measured in nm or kilometres, a potential proxy for fuel 

burn and emissions in cruise and arrival phases. (Note, 

Excess Distance and Vertical Inefficiency can be combined.) 

No CANSO 

12. 
Excess Fuel on 

Oceanic Routes 

Measured as a modelled optimum versus actual fuel burn. 

Requires sophisticated wind modelling. 
No CANSO 

13. 

Percentage 

Achievement of 

CCO and CDO 

Evaluates the success rate of CCOs and CDOs. No CANSO 

14. Flown Distance Average distance for each arriving and/or departing flight. Yes LFV 

15. 
Extra Flown 

Distance 

Average extra distance flown, in relation to optimal 

trajectory, for each arriving and/or departing flight. 
Yes LFV 

16. 
Fuel Burn 

(Flown Distance) 

Approximated fuel burn for each flight, derived from KPI 14 

(flown distance) and a representative fuel burn constant. 
Yes LFV 

17. 

Fuel Burn 

(Extra Flown 

Distance) 

Approximated fuel burn for each flight, derived from KPI 15 

(Extra Flown Distance) and a representative fuel burn 

constant. 

Yes LFV 

18. 

Percentage of 

Completed Green 

Approaches 

Ratio between completed- and failed uninterrupted green 

approaches and the total number of approaches. 
Yes LFV 
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19. 

Time in/Percentage 

Level Flight during 

Climb/Descent 

Average time in level flight for each flight during climb- 

and/or descent phase or ratio between time in level flight 

and time in climb- or descent phase. 

Yes LFV 

20. Taxi Time 
Average time used for taxi for each arriving and/or departing 

flight. 
Yes LFV 

21. 

Percentage of 

Completed CDO-

STAR 

Ratio between completed CDO-STAR approaches and total 

approaches. 
Yes LFV 

22. 3Di Score 
Evaluates entire trajectory for distance (horizontal) and 

vertical based inefficiencies. 
Yes NATS 

23. 3DFE 
Takes all geometrical (horizontal and vertical) inefficiencies 

into account. 
Yes DSNA 

24A. Total Annual CO2 A Total annual CO2  for all airspace of ANSP X. No CANSO 

24B. Total Annual CO2 B Total annual CO2  for domestic airspace of ANSP X. No CANSO 

24C. Total Annual CO2 C 
Total annual CO2 for all ANSP X domestic airspace per flight 

en route. 
No CANSO 

24D. Total Annual CO2 D 
Total annual CO2 for ANSP X domestic airspace per kilometre 

flown en route. 
No CANSO 

24E. Total Annual CO2 E 
Total annual CO2 for ANSP X domestic airspace per kilometre 

of the total ANSP X network en route. 
No CANSO 

24F. Total Annual CO2 F 
Total annual CO2 for ANSP X ground operations at airports 

where a control service is provided. 
No CANSO 

25. Total CO2 A 
Total CO2 for ANSP X in en route airspace 40 nm from 

departure to 100 nm on arrival. 
No CANSO 

26. Total CO2 B 

Total CO2 emissions attributed to terminal area delay 

absorption thru S-turns, airborne holding/trombone 

(includes excess lateral movement/time in descent phase). 

No CANSO 

27. Average CO2 
Average CO2 per flight in domestic airspace and on the 

ground at airports. 
No CANSO 

28. 

Annual Average 

CO2/km of Airport 

Taxiway 

Annual average CO2 at ANSP X airport per kilometre of 

airport taxiway. 
No CANSO 

29. 
Annual Average CO2 

(LTO Cycle) 

Annual average CO2 per flight from gate to gate (en route 

and LTO cycle). 
No CANSO 

30. 
Vertical Profile on 

Descent 
Not specified. No CANSO 

31. ICAO Metric 1 Mass of fuel consumed in relation to payload and distance. Yes ICAO 

32. ICAO Metric 2 
Litres of fuel consumed in relation to revenue tonne-

kilometre. 
Yes ICAO 

33. Delta CO2 
Excess amount of fuel an entire flight mission has burnt 

compared to a theoretical reference flight. 
No SAS 

34. Normalised CO2 
Compares actual flight profiles with simulated optimal 

trajectories. 
No AVTECH 

 

4.2 Selection 

Several of the indicators listed in Chapter 4.1 are similar with regard to what they measure and can 

therefore be excluded from the analysis. A rationalisation will follow in order to determine which KPIs 
to proceed with.  

 

Initially, it can be argued that although measuring CO2 emissions as a finite number is interesting when 

e┗aluatiﾐg a┗iatioﾐ’s eﾐ┗iroﾐﾏeﾐtal iﾏpaIt, it does ﾐot represeﾐt perforﾏaﾐIe le┗els of the s┞steﾏ 
very well. For example, it is impossible to know whether an increase in CO2 emissions is accountable 

to increased traffic or lower ATM performance. Based on this, in addition with the fact that no method 

for calculation has been found for any of the KPIs listed in Table 9 on the next page, these are deemed 

unsuitable for the thesis and are excluded from further analysis. 
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Table 9: CO2 related e-KPIs 

No. e-KPI Description 
Mathematical 

model  found 

24A. Total Annual CO2 A Total annual CO2  for all airspace of ANSP X. No 

24B. Total Annual CO2 B Total annual CO2  for domestic airspace of ANSP X. No 

24C. Total Annual CO2 C 
Total annual CO2 for all ANSP X domestic airspace per flight en 

route. 
No 

24D. Total Annual CO2 D 
Total annual CO2 for ANSP X domestic airspace per kilometre flown 

en route. 
No 

24E. Total Annual CO2 E 
Total annual CO2 for ANSP X domestic airspace per kilometre of the 

total ANSP X network en route. 
No 

24F. Total Annual CO2 F 
Total annual CO2 for ANSP X ground operations at airports where a 

control service is provided. 
No 

25. Total CO2 A 
Total CO2 for ANSP X in en Route airspace 40 nm from departure to 

100 nm on arrival. 
No 

28. 
Annual Average CO2/km 

of Airport Taxiway 

Annual average CO2 at ANSP X airport per kilometre of airport 

taxiway. 
No 

 

A rationalisation of the remaining e-KPIs found in Table 8 will follow in Chapters 4.2.1-4.2.6, where the 

e-KPIs are divided into the areas overall efficiency, efficiency in the horizontal plane, efficiency in the 

vertical plane, efficiencies in ground operations, inefficiencies due to airspace management and lastly 

the remaining e-KPIs not fitting only one of the criteria mentioned earlier.  

 

4.2.1 Overall efficiency 

Several metrics in Chapter 4.1 evaluate the flight efficiency on a general basis. These are presented in 

Table 10, below. 
 
Table 10: e-KPIs measuring overall efficiency 

No. e-KPI Description 
Mathematical 

model  found 

8. 

Gate-to-Gate Overall 

ANS Related CO2 

Emissions Index 

The overall ANS related CO2 emissions index, from Gate-to-Gate are 

measured. 
No 

22. 3Di Score 
Evaluates entire trajectory for distance (horizontal) and vertical 

based inefficiencies. 
Yes 

23. 3DFE 
Takes all geometrical (horizontal and vertical) inefficiencies into 

account. 
Yes 

27. Average CO2 
Average CO2 per flight in domestic airspace and on the ground at 

airports. 
No 

29. 
Annual Average CO2 

(LTO Cycle) 

Annual average CO2 per flight from gate to gate (en route and LTO 

cycle). 
No 

33. Delta CO2 
Excess amount of fuel an entire flight mission has burnt compared to 

a theoretical reference flight. 
No 

34. Normalised CO2 Compares actual flight profiles with simulated optimal trajectories. No 

 

Although SESAR has targets connected to KPI 8, it is unclear how the seemingly complex index is 

calculated. However, it is apparent that the metric include all ANS-attributable CO2 emissions that 

flight operations emit which certainly is of interest, and will thus be discussed in Chapter 5. 

 

3Di Score and 3DFE KPIs are initiatives developed and used by ANSPs, and methods for calculation 
have been accessed. KPIs 22 and 23 will thus be considered further in Chapter 5. 

 

KPI 27 and 29 shows similarities with KPI 8, although the latter specifies emissions related to ANS which 

is of greater interest in this thesis. Therefore, KPI 27 and 29 will not be discussed further. 
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KPIs 33 and 34 are considered relevant for the thesis. However, both metrics are deemed complex and 

no mathematical models have been found for the two. Therefore, these will not be subject to 

additional analysis but will be discussed in Chapter 8. 

 

4.2.2 Efficiency in the horizontal plane 

A number of the KPIs listed in Chapter 4.1 measure flight inefficiency in the horizontal plane. These are 

summarised in Table 11, below. 

 
Table 11: e-KPIs measuring horizontal efficiency 

No. e-KPI Description 
Mathematical 

model  found 

1. KEA Average horizontal en route flight efficiency of the actual trajectory. Yes 

2. KEP 
Average horizontal en route flight efficiency of the last filed flight 

plan trajectory. 
Yes 

11. Excess Distance Flown 

Measured in nm or kilometres, a potential proxy for fuel burn and 

emissions in cruise and arrival phases. (Note, Excess Distance and 

Vertical Inefficiency can be combined.) 

No 

14. Flown Distance Average distance for each arriving and/or departing flight. Yes 

15. Extra Flown Distance 
Average extra distance flown, in relation to optimal trajectory, for 

each arriving and/or departing flight. 
Yes 

16. 
Fuel Burn 

(Flown Distance) 

Approximated fuel burn for each flight, derived from KPI 14 (flown 

distance) and a representative fuel burn constant. 
Yes 

17. 
Fuel Burn 

(Extra Flown Distance) 

Approximated fuel burn for each flight, derived from KPI 15 (Extra 

Flown Distance) and a representative fuel burn constant. 
Yes 

 

KPI 1 and 2, KEA and KEP, are indicators measured upon throughout EU, as decided by the EC, and are 

deemed interesting for further analysis.  

 
Indicators 11, 14 and 15 show certain similarities; 14 is included in both 11 and 15, which essentially 

measure the same thing. As KPI 15 was recommended to LFV by FOI, and a model for the KPI was 

accessed, this KPI was selected out of the three previously mentioned.  

 

KPI 16 and 17 are omitted based oﾐ LFV’s reaItioﾐs oﾐ FOI´s development of the KPIs, as described in 

Chapter 3.2.1.  

 

4.2.3 Efficiency in the vertical plane 

Table 12 below present a summary of the KPIs listed in Chapter 4.1 that measure flight efficiency in 

the vertical plane. 

 
Table 12: e-KPIs measuring vertical efficiency 

No. e-KPI Description 
Mathematical 

model  found 

10. Vertical Inefficiency 
Measured by level flight segments on departure or approach as well 

as non-optimal cruise altitudes. 
No 

13. 

Percentage 

Achievement of CCO 

and CDO 

Evaluates the success rate of CCOs and CDOs. No 

18. 

Percentage of 

Completed Green 

Approaches 

Ratio between completed- and failed uninterrupted green 

approaches and the total number of approaches. 
Yes 

19. 

Time in/Percentage 

Level Flight during 

Climb/Descent 

Average time in level flight for each flight during climb- and/or 

descent phase or ratio between time in level flight and time in climb- 

or descent phase. 

Yes 

21. 
Percentage of 

Completed CDO-STAR 

Ratio between completed CDO-STAR approaches and total 

approaches. 
Yes 
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30. 
Vertical Profile on 

Descent 
Not specified. No 

 

While KPI 10 is an interesting KPI, a defined method for calculation is considered necessary and 

therefore it will not be analysed. However, both KPI 22 3Di Score, and KPI 23 3DFE, incorporates 

vertical inefficiency, and are therefore considered further. 
 

KPI 13, 18 and 21 all show similarities. While KPI 13 measures both departures and arrivals, the other 

two only takes arrivals into regard. KPI 13 will therefore be considered further in Chapter 5. KPI 18 is 

measuring the ratio between initiated green approaches and the total number of approaches, while 

KPI 21 measures the number of actually completed CDO-STAR (or green approaches), making KPI 21 

more relevant. KPI 18 will therefore be omitted and KPI 21 will be further considered in Chapter 5.  

 

KPI 19 was recommended to LFV by FOI and is clearly connected to ATM. Also it is presently possible 

to calculate the indicator in GAIA. This KPI is considered further in Chapter 5. KPI 30 will not be analysed 

further as a result of uncertainty as to how to quantify the indicator. 
 

4.2.4 Efficiencies in ground operations 

E-KPIs found that are related to ground operations are presented below in Table 13.  
 
Table 13: e-KPIs related to ground operations 

No. e-KPI Description 
Mathematical 

model  found 

6. 
Additional Time in the 

Taxi-Out Phase 

Time difference between actual taxi-out time and unhindered taxi 

times based on taxi-out times in low periods of traffic. Expressed in 

minutes per departure. 

No 

20. Taxi Time Average time used for taxi for each arriving and/or departing flight. Yes 

 

KPI 6 and 20 show similarities as they both measure the taxi time. However, while KPI 6 only consider 
the taxi-out phase and calculate the time difference, KPI 20 also takes the taxi-in phase into regard, 

while measuring the average taxi time. As their focus are different, both indicators will be considered 

further in Chapter 5.  

 

4.2.5 Inefficiency due to airspace management 

E-KPIs related to inefficiencies due to airspace management are presented in Table 14 below. 

 
Table 14: e-KPIs related to airspace management 

No. e-KPI Description 
Mathematical 

model  found 

3. 
Effectiveness of Booking 

Procedures for FUA 

Ratio between the time that the airspace was segregated from 

general air traffic and the time the airspace was used for the activity 

the segregation was based on. 

No 

4. Rate of Planning of CDRs 
The rate of aircraft filing flight plans via CDRs in relation to the 

number of aircraft with the possibility of such planning. 
No 

5. Effective Use of CDRs 
Ratio of aircraft using the CDRs and the amount of aircraft that could 

have used them. 
No 

 

KPI 3, 4 and 5 are largely related to airline operations. In addition to this, no models for calculation 

have been found. These are therefore omitted.  

 

4.2.6 Remaining e-KPIs 

The remaining e-KPIs are presented in Table 15, on the next page.  
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Table 15: e-KPIs remaining after division 

No. e-KPI Description 
Mathematical 

model  found 

7. 
Additional Time in 

Terminal Airspace 

Difference between Arrival Sequencing and Metering Area (ASMA) 

transit time and unhindered ASMA transit time during low periods of 

traffic. ASMA is defined as a virtual cylinder, stretching 40 nm from 

the arrival airport, and ASMA transit time as the time an aircraft 

enters the cylinder related to the aircrafts actual landing time.  

No 

9. 
Excess Time Flown 

Converted to Fuel 

Measured by additional time versus an unimpeded time and 

converted for various aircraft types. This method can apply to the 

taxi phase or any flight phase as a first approximation. 

No 

12. 
Excess Fuel on Oceanic 

Routes 

Measured as a modelled optimum versus actual fuel burn. Requires 

sophisticated wind modelling. 
No 

26. Total CO2 B 

Total CO2 emissions attributed to terminal area delay absorption 

thru S-turns, airborne holding/trombone (includes excess lateral 

movement/time in descent phase). 

No 

31. ICAO Metric 1 Mass of fuel consumed in relation to payload and distance. Yes 

32. ICAO Metric 2 Litres of fuel consumed in relation to revenue tonne-kilometre. Yes 

 

As KPI 7 considers the actual time spent in an airspace in a heavy or light traffic situation, it can be 

considered an indicator connected to ATM.  KPI 9 show similarities to KPI 7 as time is one of the factors 

considered, although information about the former is scarce. One of these KPIs are deemed sufficient 

to be used for measurement in the terminal airspace, and indicators measuring the all phases of flight 

have been considered. Thus, KPI 9 is omitted and KPI 7 is considered further in Chapter 5. 

 

KPI 12 is not relevant as LFV does not handle any oceanic traffic, and will therefore not be discussed 
further.  

 

KPI 26 is vague and hard to quantify and no model has been accessed.  Moreover, the specifics included 

in the KPI are considered in other e-KPIs already selected for further investigation. Therefore, this 

indicator will not be discussed further.  

  

KPI 31 and 32 are metrics used by ICAO and are related to airline operations rather than ATM, as 

payload and revenue tonne-kilometre are values that have limited effect on ATM operations.  These 

two will not be discussed further.  

  

4.3 E-KPIs selected for analysis  

In Table 16 below, the e-KPIs selected for further investigation are summarised.  

 
Table 16: e-KPIs selected for further investigation 

No. e-KPI Description 
Mathematical 

model  found 

1. KEA Average horizontal en route flight efficiency of the actual trajectory. Yes 

2. KEP 
Average horizontal en route flight efficiency of the last filed flight 

plan trajectory. 
Yes 

6. 
Additional Time in the 

Taxi-Out Phase 

Time difference between actual taxi-out time and unhindered taxi 

times based on taxi-out times in low periods of traffic. Expressed in 

minutes per departure. 

No 

7. 
Additional Time in 

Terminal Airspace 

Difference between Arrival Sequencing and Metering Area (ASMA) 

transit time and unhindered ASMA transit time during low periods of 

traffic. ASMA is defined as a virtual cylinder, stretching 40 nm from 

the arrival airport, and ASMA transit time as the time an aircraft 

enters the cylinder related to the aircrafts actual landing time.  

No 

8. 

Gate-to-Gate Overall 

ANS Related CO2 

Emissions Index 

The overall ANS related CO2 emissions index, from Gate-to-Gate are 

measured. 
No 
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13. 

Percentage 

Achievement of CCO and 

CDO 

Evaluates the success rate of CCOs and CDOs. No 

15. Extra Flown Distance 
Average extra distance flown, in relation to optimal trajectory, for 

each arriving and/or departing flight. 
Yes 

19. 

Time in/Percentage 

Level Flight during 

Climb/Descent 

Average time in level flight for each flight during climb- and/or 

descent phase or ratio between time in level flight and time in climb- 

or descent phase. 

Yes 

20. Taxi Time Average time used for taxi for each arriving and/or departing flight. Yes 

22. 3Di Score 
Evaluates entire trajectory for distance (horizontal) and vertical 

based inefficiencies. 
Yes 

23. 3DFE 
Takes all geometrical (horizontal and vertical) inefficiencies into 

account. 
Yes 
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5 Description of e-KPIs 

This chapter further examines the selected e-KPIs. 

 

The previous chapter presented 39 e-KPIs that were found in the survey, and the eleven listed below 

were chosen for further analysis. As KEA and KEP to a great extent are similar, these will be combined 

in this chapter. 

 

1. KEA and KEP 

2. Additional Time in the Taxi-Out Phase 

3. Additional Time in Terminal Airspace 
4. Gate-to-Gate Overall ANS Related CO2 Emissions Index 

5. Percentage Achievement of CCO and CDO 

6. Extra Flown Distance 

7. Time in/Percentage Level Flight during Climb/Descent 

8. Taxi Time 

9. Percentage of Completed CDO-STAR 

10. 3Di Score 

11. 3DFE 

  

5.1 KEA and KEP 

The two KPIs KEA and KEP are used to measure en route flight efficiency; the former efficiency for 

actual trajectory (flight length), and the latter for last filed flight plan. (EUROCONTROL, 2014j) Both 

indicators compare a flight's trajectory distance with the distance of the optimal route; the great circle 

distance between two points. The difference between these routes is described in Figure 1 below. 

 

 
 

 

 

 

 

 

 

 

 

 

En route is defined as the portion of flight between 40 nm out from the airport of origin, and 40 nm to 

the airport of destination. This means that a distance of 40 nm to and from the airport of origin and 
the airport of destination are excluded from the measurement.  

 

To compute the difference between the distance of the actual trajectory and the great circle distance, 

the concept of achieved distance is introduced, which is described in Figure 2 on the next page. 

 

O D 

O 
O 

 

Great circle 

distance 

Flight length 

Figure 1: Difference between flight length and great circle distance. 
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The achieved distance can be translated into the great circle-equivalent distance a certain trajectory 

entail. In Figure 2, the blue lines represent the actual flown trajectories, and the red lines the great 

circle distances between O and D. In the left part of the figure, the achieved distance is the distance 

Het┘eeﾐ the t┘o Hlue dotted liﾐes ふi.e. さCloser to destiﾐatioﾐざぶ, aﾐd the aItual flo┘ﾐ distaﾐIe Het┘eeﾐ 
these lines is the length of the trajectory between N and X. Similarly, in the right part of the figure the 

aIhie┗ed distaﾐIe is the distaﾐIe Het┘eeﾐ the t┘o dotted liﾐes ふi.e. さA┘a┞ froﾏ departureざ), and the 
actual flown distance the length of the trajectory between N and X. For example, an aircraft which has 

flown 20 nm between N and X may only have achieved 15 nm on its path towards the destination. 

 

The method for calculating the achieved distance is averaging the combined achieved distances to the 

destination and away from origin. 

 

When conducting performance measurements for a local airspace, Figure 3 below has to be 

considered.  

 

 
 

 

 

 

 

 

 

 

 

 
The red line trajectory is completely straight, thus representing the great circle distance between 

points N and X; meaning that the local efficiency is high. However, the trajectory does not provide any 

achieved distance from origin O to destination D, and is irrelevant for the purpose of measuring ATM 

system performance. Therefore, the distance used when calculating the KPIs is the great circle distance 

between the origin and destination. 

 

The iﾐdiIators’ ┗alues ﾏa┞ ┗ar┞ suHstaﾐtiall┞ depeﾐdiﾐg oﾐ ┘hat the perspeIti┗e is. In Figure 4 on the 

next page, it can be shown that when only the local area is considered, the efficiency is maximised for 

both flights 1 and 2. However, considering the whole network from point O to D, the efficiency for 

flight 1 is significantly reduced. 
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Figure 2: Description of achieved distance. 

Figure 3: Example of high local efficiency but low network efficiency. 
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Both KEA and KEP relates to the great circle distance between point of origin and -destination. The 

calculation method is identical for both KPIs, however while the trajectory for KEA is based on radar 

data, the trajectory for KEP is based on last filed flight plan.  

 

The indicator itself is expressed as the ratio between the lengths of the total trajectories, e.g. if 

measured individually for each FAB, and total actual achieved distances for KEA, or total planned 

distances for KEP: 

 

 計継畦, 計継� = ∑ 詣捗珍椎∑ 茎捗珍椎 − な (3) 

 

where 詣捗珍椎 represents the length of the trajectory and 茎捗珍椎 the achieved distance. The en route flight 

efficiency in area 倹 is obtained by summing the lengths for all flights 血 and all en route portions 喧 in 

the area. (EUROCONTROL, 2014j) 

 

5.2 Additional Time in the Taxi-Out Phase 

As previously mentioned, no method of calculation used for the indicator Additional Time in the Taxi-
Out Phase has been found. However, as the description of the KPI from the 2013 EU-regulation (EC, 

2013) states that it is based on the actual taxi-out time in relation to an unimpeded taxi-out time, it is 

clear which type of data that is needed in order for calculations to be possible, i.e. the actual taxi-out 

time and the unimpeded taxi-out time.  

 

As this is an indicator that, according to the EU-regulation, must be monitored on a local level during 

RP2, it can be assumed that the actual taxi-out time and unimpeded taxi-out time is data that is 

available for concerned ANSPs.  

 

5.3 Additional Time in Terminal Airspace 

As the previously mentioned indicator Additional Time in the Taxi-Out Phase, Additional Time in 

Terminal Airspace is an indicator that, according to the EU-regulation, must be monitored locally during 

RP2. (EC, 2013)  

 

The indicator Additional Time in Terminal Airspace takes into account the ratio between the time it 

takes for an aircraft to transit a hypothetical cylinder, defined as ASMA, stretching 40 nm from the 

arrival airport, i.e. the ASMA transit time, and the unimpeded ASMA transit time. The unimpeded 
ASMA transit time takes into consideration the aircraft type, which runway is in use as well as ASMA 

entry sector. Calculations of the unimpeded ASMA transit time are performed in low traffic scenarios. 

(EUROCONTROL, 2013b) According to the EC the metric is to be express in minutes per arrival on a 

yearly basis. (EC, 2013) 

 

With the same reasoning as in Chapter 5.2, data for ASMA transit time and unimpeded transit time is 

assumed to be available to the ANSPs. No method for calculation of this indicator has been found.  

O 
D 
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Figure 4: Description of local efficiency. 
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5.4 Gate-to-Gate Overall ANS Related CO2 Emissions Index 

SESAR’s Gate-to-Gate Overall ANS Related CO2 Emissions Index is a KPI meant to evaluate the emissions 

generated from entire flight missions accountable to ANS performance. To measure performance of 

an entire flight operation, meaning all phases of flight, substantial amounts of data is required. In 

addition, no mathematical model for calculation of the KPI has been discovered. 
 

5.5 Percentage Achievement of CCO and CDO 

Percentage Achievement of CCO and CDO is a KPI that focus on arriving and departing aircraft. No 

mathematical model has been discovered for the KPI, but it can be assumed that the indicator is 

calculated by the ratio of completed CCO/CDO versus total departures/arrivals. This reasoning 

implicate that data required for calculation of the KPI are: 

 

 Radar data with suitable time intervals, from which flight segments in a level state can be 

identified 

 Flight plan data, from which information regarding Requested Flight Level12 (RFL) can be found 

 

Using the radar data mentioned above, arrivals and departures levelling off during climb and descent 

could be identified, thus enabling the calculation of a ratio between the flights conducting 

uninterrupted climbs and descents and flights that for various reasons are forced to level-off.  
 

Clear definitions of what uninterrupted CCOs/CDOs are have to be established; i.e. if any level-offs are 

allowed and in that case for how long these are allowed to last, and how many level-offs are allowed. 

Furthermore, it is common practice that aircraft shall be at a level state two nm before intercepting 

the Instrument Landing System (ILS) and commencing final approach; thus making an uninterrupted 

CDO practically unachievable. (Bergviken, 2014, pers.comm., 28 Dec) 

 

5.6 Extra Flown Distance 

The KPI Extra Flown Distance takes into consideration the Extra Flown Distance compared to an optimal 

trajectory. (FOI, 2010) The distance measured can be based on e.g. trajectories from aerodrome to 

aerodrome, en route, or a specific part only included in the TMA.  

 

This KPI is presented as a ratio between the distance flown and the number of flights, i.e. nm per flight. 

 

The equation used for measuring is the following; 

 

 継捲建堅欠 血健剣拳券 穴件嫌建欠券潔結 =  ∑ 岫経凋��日 − 穴�追追岻津���沈=怠 + ∑ 岫経帖帳�乳 − 穴鳥勅椎岻津匂賑�珍=怠券�追追 +  券鳥勅椎  (4) 

 

where 経凋�� represents the actual flown distance for arriving aircraft 件, 経帖帳� the actual flown distance 

for departing aircraft 倹, 穴�追追 the optimal distance for arriving aircraft, 穴鳥勅椎 the optimal distance for 

departing aircraft, 券�追追 the number of arrivals and 券鳥勅椎 the number of departures.  

 

The optimal distance 穴 is selectable and can represent e.g. the great circle distance between two given 

points, the shortest route available for planning or the route the pilot actually flies. Moreover, the 

metric can be rearranged to include only arrivals or departures, depending on what is sought. 

                                                           
12  Requested Flight Level is the level as requested in the flight plan.  
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However, using the formula in its presented form, departing and arriving phases of flight are 

considered. For en route measurements, the formula must be rearranged. 

 

5.7 Time in/Percentage Level Flight during Climb/Descent  

The KPIs time in level flight during climb/descend and percentage of level flight during climb/descend 

are used in order to quantify the amount of level flight generated as a result of e.g. vectoring during 
heavy traffic load and/or holdings. (FOI, 2010) These KPIs are most suitably used for the portions of 

the flights in the vicinity of the aerodromes as level flight at low altitudes generate additional fuel burn 

and increased emissions compared to level flight en route.  

 

The equations for the two KPIs are the following: 

 

 詣結懸結健 血健件訣ℎ建 穴憲堅件券訣 潔健件兼決 欠券穴 穴結嫌潔結券建 岫建件兼結岻 =  ∑ 建沈津���沈=怠 + ∑ 建珍津匂賑�珍=怠  券�追追 + 券鳥勅椎  (5) 

 

 詣結懸結健 血健件訣ℎ建 穴憲堅件券訣 潔健件兼決 欠券穴 穴結嫌潔結券建 岫%岻 =  [∑ 建沈�沈津���沈=怠 + ∑ 建珍�珍津匂賑�珍=怠  券�追追 +  券鳥勅椎 ] ∗ などど (6) 

 
where 建 represents time in level flight for aircraft 件 and 倹, � the total duration of the flight for aircraft 件 and 倹, 券�追追 the number of arrivals and 券鳥勅椎 the number of departures.  

 

The KPIs can also be divided to only consider either arrivals or departures, which may prove useful in 

order to further identify within which segment of the flight improvements may have the largest effect.  

 

5.8 Taxi Time 

The e-KPI Taxi Time takes into consideration the time it takes for arriving aircraft to taxi from runway 

to gate and departing aircraft from gate to runway.  

 

The equation used for measuring is the following:  

 

 �欠捲件 建件兼結 =  ∑ 捲�追追日津���沈=怠 + ∑ 捲鳥勅椎乳津匂賑�珍=怠  券�追追 +  券鳥勅椎  (7) 

 
 

where 捲�追追 represents the taxi time from runway to gate for aircraft 件, 捲鳥勅椎 the taxi time from gate to 

runway for aircraft 倹, 券�追追 the number of arrivals and 券鳥勅椎 the number of departures. (FOI, 2010) 

 

5.9 Percentage of Completed CDO-STAR 

CDO-STAR is an arrival procedure having the purpose of giving the pilot maximum predictability when 

planning the descent and arrival of the flight (Bergviken, P., 2014, pers.comm., 28 Dec). By being 

cleared a CDO-STAR by ATC, flights have the possibility to calculate an optimal descent and speed 

profile. ATC marks aircraft that are cleared on a CDO-STAR, and removes it if an aircraft is removed 

from the STAR. The indicator is accordingly calculated as the ratio between completed CDO-STAR 

approaches and the total number of approaches. 
 

The e-KPI is currently in use by LFV and is planned to be so in the future as well. (Bergviken, P., 2014, 

pers.comm., 28 Dec) 
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5.10 3Di Score 

The 3Di Score is a metric that predict fuel inefficiency on both a horizontal- and vertical plane. (NATS, 

2012a)  

 

When developing the metric, NATS calculated the predictive accuracy of five models based on the 
difference between estimated fuel inefficiency, and an expected value for fuel inefficiency derived by 

a linear regression analysis. A regression analysis is used to determine the connection between 

variables, and a linear regression is a type of such analysis that assumes a linear relationship. In this 

particular case the objective of the linear regression was to find a function that could provide an 

accurate approximation of fuel inefficiency based on radar data, thus minimising the margin of error. 

 

5.10.1 Variables  

NATS identified a set of variables that could be included in the model. Estimated fuel inefficiency is a 

variable that represent the target value; i.e. the value that the model should approximate. The 

estimated fuel inefficiency is calculated by using two models to determine average values for actual 

and optimal fuel consumptions based on sample data of some 174000 flights. BADA and assumptions 

of still weather conditions, standard atmospheric conditions and nominal take-off weights are used to, 

for each flight in the sample data, create reference trajectories. (NATS, 2012b) A reference trajectory 
is determined to be the optimal trajectory of a flight; defined horizontally as the shortest great circle 

distance from point to point, and vertically as a continuous climb to Top of Climb13 (ToC) and 

continuous descent from Top of Descent14 (ToD); both determined to be equivalent to RFL.  

 

Values for the fuel consumption of both the reference trajectories and the actual trajectories are then 

IalIulated usiﾐg NAT“’s Kerosene Emissions Research Model Including the TMA (KERMIT). The 

estimated fuel inefficiency, 荊, is then described as:  

 

 荊 = 岫繋凋寵� − 繋�帳庁岻繋�帳庁  (8) 

 

where 繋凋寵� is the fuel consumption based on radar data and 繋�帳庁 is the optimal fuel consumption 

based on reference trajectories. The estimated fuel inefficiency was, as stated before, used in the 

regression analysis when developing the model. 

 

Track extension, �, is a variable that represent the horizontal flight inefficiency, as described in Figure 

5 below. The distances for optimal and actual trajectory are denoted 経弔寵帖 and 経凋寵� respectively. 
When measuring the lateral inefficiencies the first and last points of radar contact is always used. 

 

The horizontal inefficiency is defined as the ratio between actual distance flown from point to point, 経凋寵�, and the great circle distance between the same points, 経弔寵帖: 

                                                           
13  Top of Climb is the transition point between the climb phase and the cruise phase of a flight. 

14  Top of Descent is the transition point between the cruise phase and the descent phase of a flight. 

Last point of 
radar contact 

First point of 

radar contact 

Optimal trajectory, 経弔寵帖 

Actual trajectory, 経凋寵� 

Figure 5: 3Di Score horizontal trajectories. 
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 � = 経凋寵� − 経弔寵帖経弔寵帖  (9) 

 

Vertical inefficiency, 懸沈, is introduced as a period 件 of level flight at a flight level, 健, below the flight’s 
RFL, 詣, for a duration of time, 建沈. Figure 6, below, illustrates the various components of the vertical 

inefficiency.  

 

 

Flight levels above RFL are delimited in the variable and capped to the requested level. 懸沈 is calculated 

using Equation 10, below. 
 

 懸沈 = 建沈岫詣 − 健沈岻�詣  (10) 

 

Where T represents the total duration of the flight, and L represents the RFL.   

 

The vertical inefficiency variable is divided into three sub-variables corresponding to different phases 

of a flight. These are climb, 懸寵挑, cruise, 懸寵� and descent phase, 懸帖. Equation 10 is then calculated 

separately for the three phases of flight using Equations 11 to 13, below: 

 

 懸寵挑 = ∑ 懸沈頓薙�謎遁  (11) 

 

 懸寵� = ∑ 懸沈頓馴南�縄曇  (12) 

 

 懸帖 = ∑ 懸沈呑曇縄頓曇灘畷  (13) 

 
Total vertical flight inefficiency is then calculated using Equation 14.  

 

 懸 = 懸寵挑 + 懸寵� + 懸帖 (14) 

 

Figure 6: 3Di Score vertical trajectories. 
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5.10.2 Mathematical model 

NATS used different combinations of the variables previously presented in a linear regression analysis, 

and found that the model that provided the least error in reference to the estimated fuel inefficiency 
was the following: 

 

 砿 = 糠� + 紅懸寵挑 + 鋼懸寵� + 絞懸帖 + 綱懸寵挑� + �懸寵�� + 紘懸帖� (15) 

 

where 砿 is the 3Di Score for a flight, and 糠, 紅, 鋼, 絞, 綱, � and 紘 are constants specific to UK airspace. 

  

An average 3Di Score can be calculated by using Equation 16: 

 

 ぬ経件 = ∑ 砿捗鎮沈直ℎ痛券  (16) 

 

where ∑ 砿捗鎮沈直ℎ痛 is the sum of the 3Di Score for 券 flights. (DSNA, 2013) 

 

5.11 3DFE 

The 3D Flight Efficiency KPI calculates the difference in fuel consumption between the actual 

trajectory; reference trajectory, and a theoretical optimal trajectory for a flight. (DSNA, 2013) Before 

introducing any model, some concepts must first be considered. 

 

5.11.1 Horizontal and vertical profiles 

The trajectories in the 3D Flight Efficiency KPI consist of two parts; the horizontal- and the vertical 

profile. The horizontal profile for the actual flown trajectory is collected from radar data, while the 

optimal trajectory is the great circle distance between the entry- and exit points. In the vicinity of 
airports, points within a 10 nm radius from airports are excluded, as described in Figure 7, below.  

 
Figure 7: 3DFE horizontal trajectories. 

 

As for the vertical profile, the reference trajectory is based on radar data. In order to create the optimal 

trajectory as exemplified in Figure 8, next page, the EUROCONTROL-developed tool BADA along with 

some assumptions are utilised. The optimal profile consists of a combination of both horizontal- and 

vertical profiles, as can be seen from the distances D and A in Figures 7 and 8. 
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The reference flight in Figure 8 have three level-offs; two during climb and one during descent, and its 

cruise at flight level 260. The optimal trajectory for the same flight is constructed by using the slopes 

of the actual climb, as indicated with the black arrows, and removing the level-offs between them.  

 

The cruise level for the optimal trajectory is based on BADA data, which specifies maximum flight level 

for the relevant aircraft type. DNSA states that studies performed have shown that RFL data is 
inaccurate, as these often are either lower than optimal levels or unrealistic due to reasons such as 

weather conditions. (Troit & Courjaud, 2013) It is argued that a target altitude, 欠健建痛�追直勅痛, for which 

flying below clearly is inefficient, and above not clearly beneficial can be identified. This target altitude 

has been set as 85 % of the BADA ﾏa┝iﾏuﾏ altitude. If a refereﾐIe flight’s Iruise le┗el is aHo┗e the 
target altitude, this will be corrected to the target altitude in calculations. In the example above, the 

BADA maximum flight level is 380, resulting in a target altitude at flight level 320. 

 

For the climb- and descent profiles to- and from the target altitude, an arbitrary slope of 3 % has been 

set. 

 

The model considers aircraft to fly along the optimal trajectory at optimal speeds, with standard 

atmospheric conditions and no wind. For defining optimal speeds, cost index is the determining factor, 
and the cost index is set to be directly proportional to the aircraft maximum payload. Troit (2014, 

pers.comm., 2 Dec) stated that: 

 

さ…there is a difference between a small aircraft, which has a cost of time much smaller, and a big 

aircraft, which has a cost of tiﾏe ﾏuch greater.ざ Cost of tiﾏe ふ= cost iﾐdexぶ coﾏes froﾏ: 
 investment cost of aircraft 

 cost of crew 

 cost of maiﾐteﾐaﾐceざ 

 

Therefore, an aircraft with a maximum payload of 20 tonnes is set to have a cost index of 20, and 

optimal speed for that aircraft can then be derived from BADA. 

Figure 8: 3DFE vertical trajectories. 
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5.11.2 3D Fuel Burn Formula 

In order to calculate the fuel for a trajectory, the 3D Fuel Burn Formula, developed by DSNA, is used. 
 系剣券嫌憲兼喧建件剣券賃直 = 稽欠穴欠�結血警欠嫌嫌賃直ぱど,どどど × [穴件嫌建朝暢 × 峭ひ − 兼結欠券畦健建件建憲穴結捗痛ぱ,どどど 嶌 + ∆欠健建件建憲穴結捗痛6ど ] (17) 

where: 

 喋�鳥��勅捗暢�鎚鎚入虹8待,待待待  is a factor that weighs a specifiI flight’s fuel Ioﾐsuﾏptioﾐ aIIordiﾐg to its ﾏass.  
 稽欠穴欠�結血警欠嫌嫌賃直 is the fixed BADA reference mass of the aircraft for the whole trajectory. 

The BADA reference mass is roughly 70 % of the way between the minimum operating weight 

and maximum take-off weight while corresponding to one of the mass values that are available 

in the reference trajectory data. (EUROCONTROL, 2009) 

 ぱど,どどど kg is the average BADA reference mass of typical aircraft flying in FABEC. This value 
corresponds to the average FABEC traffic only and needs to be changed for use in another 

airspace to match the specific average traffic. 

 穴件嫌建朝暢 is the horizontal distance of the trajectory, expressed in nautical miles. 

 ひ − 陳勅�津凋鎮痛沈痛通鳥勅肉�8,待待待  is a factor that represents the fuel consumption on a specific mean altitude.  

 9 kg/NM is the fuel consumption per nautical mile of an aircraft with BADA reference mass of 

80,000 kg flying at a hypothetical flight level 0.  

 兼結欠券畦健建件建憲穴結捗痛 is the mean altitude of the trajectory. 

 8,000 ft/(kg/NM) is the reduction of fuel consumption of an aircraft with BADA reference mass 

of 80,000 kg, related to the altitude of the aircraft. 1 kg of fuel is saved for every increase in 

altitude by 8,000 ft.  

 ∆�鎮痛沈痛通鳥勅肉�6待  is a factor that represents change in fuel burn due to climb or descent.   

 ∆欠健建件建憲穴結捗痛 is the altitude difference between the first and last points. 

 60 ft/kg is the change in altitude an aircraft with BADA reference mass of 80,000 kg that 

translates into 1 kg of increased- or decreased fuel burn. If it climbs 60 ft and accelerates to its 

new optimal speed will burn 1 kg of fuel, and vice versa.  

 

As stated earlier, the constant 80,000 kg is the average BADA reference mass of aircraft flying in FABEC, 
and is therefore changeable to best fit the airspace in which the model is used. As the two constants 9 

and 8,000 are based on the average BADA reference mass, the same is valid to these.  Thus, the factor 喋�鳥��勅捗暢�鎚鎚入虹8待,待待待  ┘eighs the partiIular airIraft’s IoﾐtriHutioﾐ to fuel Hurﾐ agaiﾐst a ﾏeaﾐ for the airspace. 

However, this factor can be substituted by a BADA precision coefficient, which is specific for each type 

of aircraft, to ﾏatIh the airIraft’s aItual fuel Hurﾐ Hetter. The benefits of using these constants are, 
according to Troit (2014, pers.comm., 2 Dec), that the model becomes simpler and more intuitive. 

Using more e┝aIt paraﾏeters, he sa┞s, doesﾐ’t autoﾏatiIall┞ lead to a Hetter forﾏula, as it reﾏaiﾐs aﾐ 
approximation.  
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Considering an example trajectory in Figure 9 below, 欠健建沈 are the altitude values for level segments, 穴勅塚墜鎮日  are the distance values between level-offs and 穴鎮塚鎮日 are the distance values for level-offs. There 

are 券 number of segments for a trajectory. 

  

The equation for calculating the mean altitude then becomes: 

 

 兼結欠券畦健建件建憲穴結捗痛 = な畦 [∑ (欠健建沈 + 欠健建沈+怠に × 穴勅塚墜鎮日) + ∑(欠健建沈+怠 × 穴鎮塚鎮日)津
沈=怠

津
沈=怠 ] (18) 

 

5.11.3 Mathematical model 

DSNA has developed a tool, named Carpe Diem that, by the use of the 3D Fuel Burn Formula, calculates 

the difference between the optimal- and reference trajectories; i.e. the 3D Extra Fuel Consumption in 

kg and 3D Flight Efficiency in %. This is accomplished by Equations 19 and 20: 

 

 

 ぬ経結捲建堅欠血憲結健賃直 = ∑岫系 − 系待岻 (19) 

 

 ぬ経繋継% = ∑ 系 − 系待∑ 系  (20) 

 

Where 系待is the 系剣券嫌憲兼喧建件剣券賃直 of an optimal trajectory, and 系 is the 系剣券嫌憲兼喧建件剣券賃直 of a reference 

trajectory.  
 

 

  

Figure 9: 3DFE vertical components. 
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6 Analysis 

The previously selected e-KPIs are in this chapter analysed in accordance with the KPI characteristics 

specified earlier in the SMART-model. Indicators not meeting the requirements are omitted, and the 

remaining e-KPIs are evaluated and compared further.  

 

6.1 SMART Analysis 

The selected e-KPIs are here evaluated using the SMART-model. I.e. the evaluation is done by 

investigating whether or not the metrics meet the requirements of being specific, measurable, 

acceptable, relevant and time based: 

 

KEA and KEP   

Specific: KEA and KEP have mathematical models presented in the previous chapter, 

which makes it clear what is being measured; the reason being to evaluate 

ho┘ effiIieﾐt flights’ horizoﾐtal flight profiles are.  
Measureable: The data required for the calculations of KEA and KEP is radar data and flight 

plan data. 

Acceptable: The KPIs are clearly connected to the goal of maximising flight efficiency. 

Relevant: KEA and KEP are relevant to the goal of maximising flight efficiency 

Time based:  Time based goals can be set. 

 

Additional Time in the Taxi-Out Phase 

Specific: What is being measured is clear from the definition of the KPI. Although no 

mathematical model has been found, the ratio between actual taxi-out time 

and unimpeded taxi-out time is given.   

Measureable: The radar data required for measurement is available.   
Acceptable: Knowledge of the taxi-out time can be used for improvements regarding 

ground operations, and the KPI can therefore be argued to be acceptable.  

Relevant: Taxi-out time is relevant to goals of reducing emissions, as a shorter taxi-out 

time can mean e.g. less fuel burnt. 

Time based:  Time based goals can be set. 

 

Additional Time in Terminal Airspace 

Specific: The area measured is how long time an aircraft spends in the terminal 

airspace, and can therefore be considered specific. 

Measureable: Even though no mathematical model has been found for this KPI, it is clear 
that the data needed can be extracted from flight data in terms of entry times 

in terminal airspace and time of landing. The KPI is measurable.   

Acceptable: The amount of time spent in the air can be connected to fuel burn and 

emissions, which means that this KPI can be considered acceptable. 

Relevant: As the KPI can be connected to goals set for flight efficiency, it is relevant. 

Time based:  Time based goals can be set. 

 

Gate-to-Gate Overall ANS Related CO2 Emissions Index 

Specific: The KPI is related directly to emissions attributable to ANS inefficiency. It is, 

however, unclear exactly what this means in regard to which areas the 
inefficiencies can be attributed to.   

Measureable: Computation of the KPI requires substantial quantities of data from a vast 

variety of sources. Furthermore, it is unknown which data is related to ANS 

inefficiencies and not; thus the KPI is not measurable. 
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Acceptable: Evaluating ANS related inefficiencies is clearly connected to goals of reducing 

environmental impact of ATM. Therefore, the KPI is acceptable. 

Relevant: The KPI is relevant as it is strongly connected to flight efficiency. 

Time based:  Time based goals can be set. 

  

Percentage Achievement of CCO and CDO 

Specific: This KPI measures the percentage of achieved CCOs and CDOs, however the 

definitions of CCO and CDO have to be clear in terms of the criteria for when 

they start and end. I.e. this KPI is partly specific.   
Measureable: Data connected to the amount of successful CCOs and CDOs conducted is 

available, and it is therefore measurable.  

Acceptable: Successful CCOs and CDOs are connected to the environmental area, which 

means that this KPI is acceptable. 

Relevant: The percentage achievement of CCO and CDO can be considered partly 

relevant to the overall goal of increased flight efficiency as it is largely affected 

by pilot performance. 

Time based:  Time based goals can be set. 

 

Extra Flown Distance 

Specific: The mathematical model for the KPI has been presented in the previous 

chapter. The KPI measures the extra distance flown compared to an optimal 

distance which is not specified. It has to be clear what the optimal distance is 

defined as before using the KPI. Therefore, it is partly specific. 

Measureable: The KPI is measurable as it requires radar data for calculation, which is 

available.  

Acceptable: The difference between actual- and optimal flown distance is directly 

connected to flight efficiency and is therefore acceptable.  

Relevant: The KPI is relevant as it measures horizontal flight efficiency.  

Time based:  Time based goals can be set. 

 

Time in/Percentage Level Flight during Climb/Descent 

Specific: The mathematical model for the KPI has been presented, and it is evident that 

it measures inefficiencies in the climb and descent phases of flight. However, 

the KPI is only partly specific, as it has to be determined when the climb phase 

ends and descent phase begins. 

Measureable: Data required for the calculation, i.e. radar data, is available.  

Acceptable: Level flight in climb and descent phases has a negative impact on flight 

efficiency. Thus, the KPI is connected to the goal of maximising flight 

efficiency.   
Relevant: The KPI measures inefficiencies in two phases of flight, and is therefore 

relevant. 

Time based:  Time based goals can be set. 

 

Taxi Time 

Specific: This KPI measures the average taxi time, and a mathematical model has been 

found, it is specific.  

Measureable: Data connected to taxi times can be extracted which means that this KPI is 

measurable.  

Acceptable: Reducing taxi times are connected to the improvement of ground operations, 
which means that it can be considered acceptable.  

Relevant: An overall average time can be considered partly relevant but hard to utilise 

in terms of where improvements can be made.  



 

41 

Time based:  Time based goals can be set. 

 

3Di Score 

Specific: The 3Di Score measures flight inefficiencies for all airborne phases of flight. A 

mathematical model for computation of the KPI has been presented in 

Chapter 5.10.  

Measureable: Data required for calculation of the KPI include radar data and flight plan data, 

which are available.   

Acceptable: The 3Di Score is an index for flight efficiency, and is therefore connected to 
the goal of maximising flight efficiency.  

Relevant: As the metric indicates the efficiency for airborne phases of flight it is 

relevant.  

Time based:  Time based goals can be set. 

 

Percentage of Completed CDO-STAR 

Specific: The KPI is related to the efficiency in the descent and arrival phase of flight, 

and is thus specific. 

Measureable: Data required for calculation of the e-KPI is available as it is currently being 

measured. 

Acceptable: An uninterrupted CDO has environmental benefits, making the indicator 

acceptable. 

Relevant: The KPI measures flight efficiency, and is therefore relevant. 

Time based:  Time based goals can be set. 

 

3DFE 

Specific: 3DFE measures flight inefficiencies in both the horizontal and the vertical 

plane and a mathematical model has been found.   

Measureable: Radar data and BADA is required in order for calculations to be possible, this 

is available.  
Acceptable: The KPI is connected to the goal of increased flight efficiency. 

Relevant: 3DFE is a relevant KPI, as it takes all phases of flight into consideration.   

Time based:  Time based goals can be set. 

 

Below follows a summary of the results from the SMART analysis in Table 17.  

 
Table 17: Summary of results from SMART analysis  

(Green represents requirement met, orange partly met and red not met) 

E-KPI Specific Measurable Acceptable Relevant Time based 

KEA and KEP 
     

Additional Time in the Taxi-Out Phase 
     

Additional Time in Terminal Airspace 
     

Gate-to-Gate Overall ANS Related CO2 

Emissions Index 

     

Percentage Achievement of CCO and 

CDO 

     

Extra Distance Flown 
     

Time in/Percentage Level Flight during 

Climb/Descent 

     

Taxi Time 
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3Di Score 
     

3DFE 
     

 

The KPIs that have criterions considered as not met will not be subject to further analysis. 

 

6.2 Evaluation 

The remaining e-KPIs are here evaluated.  

 

6.2.1 KEA and KEP    

While both KEA and KEP are intuitive and easily measured metrics, they omit some important factors 

that affect flight efficiency. For example, due to wind conditions some routes flown may be the most 

efficient although they are not actually the shortest routes. Nevertheless, these routes are still, 

according to KEA and KEP, less efficient. Furthermore, a deviation of a given distance is likely to affect 

the fuel efficiency dissimilarly for a fast and heavy aircraft, that consumes more fuel per distance but 

more rapidly achieves the distance, and a slow and light aircraft which consumes less fuel per distance 
but achieves the same distance in a longer time. Thus, the KEA or KEP values for a set of given flights 

may have different values when it comes to environmental impact.  

 

KEP can be considered as a decent measure to evaluate the efficiency of the air space management. It 

can be of interest to examine how e.g. difference in unit rates affect how flights are planned, and how 

direct airspace users are able to plan. Therefore, KEP is an indicator that can be considered to isolate 

ATM performance well. 

 

The indicators are intended to measure en route horizontal flight efficiency. En route is here, for 

simplicity, defined as the portion of flight between 40 nm from- and to departure and destination 
airports respectively. However, the en route phase of a flight may begin and end at various distances 

from and to airports making the 40 nm assumption a rough estimation. 

 

6.2.2 Extra Flown Distance  

Extra Flown Distance is an accessible indicator with fairly straight forward mechanics connected to it. 

It can be used to measure inefficiencies in various segments of the flight, making it flexible for the user. 

However, with this flexibility comes uncertainties. As previously mentioned in the SMART analysis, the 

optimal distance selected affects the performance of the KPI. If e.g. inefficiencies within the terminal 

area are selected for evaluation, it has to be clear which premises the optimal distance is based on.   

 
The indicator does not consider aircraft type, which certainly has an effect on overall fuel efficiency, 

as a heavy aircraft arguably will consume more fuel than a light aircraft travelling the same extra 

distance. In addition, the indicator does not take speed of the aircraft or wind conditions in 

consideration. This makes the KPI only partly related to ATM performance. 

 

6.2.3 Additional Time in the Taxi-Out Phase  

As the indicator Additional Time in the Taxi-Out Phase considers the difference between an actual and 

an unimpeded taxi-out time, the margin of improvement related to the metric is apparent. Moreover, 

it is a quite intuitive and easy to measure indicator. It does, however, not consider taxi-in time which 
can be considered both good and bad, depending on the ┗ie┘er’s perspective and what is being 

sought.  

 

The speed at which the aircraft taxi is not considered. Whether or not this has an impact on the 

accuracy of the KPI is dependent on the different taxi speeds the various aircraft operate with, which 
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in turn may be affected by e.g. congestion of the airport in question or difference in procedures of 

aircraft operators. The KPI is connected to ATM performance mainly in regard to the planning 

capability; once an aircraft is cleared to taxi, it should be able to taxi unhindered to its destination. 

 

6.2.4 Additional Time in Terminal Airspace  

Additional Time in Terminal Airspace is an indicator that is easily measured as it is based on a ratio 

between actual and optimal ASMA transit times, which also makes it easily accessible and 

understandable. The fact that it is based on actual traffic while taking aircraft type into consideration 

enables possibilities for accurate fuel burn calculations.   
 

As mentioned in Chapter 4.1, ASMA is defined as a vertical cylinder stretching 40 nm from the arrival 

airport. This is an estimation not necessarily connected to the operational reality, as the dimensions 

of terminal airspaces vary. Moreover, wind and aircraft speed are factors not considered with this 

metric. High speed could have a positive effect on the KPI, but this will lead to an increased fuel 

consumption, thus decreasing the fuel efficiency.  

 

The KPI is affected by many factors such as airspace design, pilot performance and the way ATM 

operate.  

  

6.2.5 Percentage Achievement of CCO and CDO  

This is a simple and accessible indicator that is easily measured. As mentioned in the SMART analysis, 

the definitions and boundaries of CCO and CDO are, in terms of where they start and begin, important 

factors to consider in order to extract any useful data from this indicator. Furthermore, this KPI can be 

considered rather blunt, as it does not distinguish the difference between e.g. an arrival levelling off 

one time during descent and another arrival levelling off ten times. I.e., the impact of one level-off is 

the same as that of ten. Furthermore, pilot performance has a large impact on the KPI, and through 

the use of e.g. speed breaks, an accomplished CDO can be conducted in a rather fuel inefficient 

manner.  
 

Achievement of CCO and CDO have distinct connections to ATM performance as ATC have direct 

impact on whether an aircraft is allowed to fly its optimum profile or not. Simultaneously, using this 

indicator it is impossible to know whether a level-off is due to ATM inefficiency or poor planning by 

pilots. 

  

6.2.6 Time in/Percentage Level Flight during Climb/Descent  

This indicator is easily measured and direct. However, when the arrival begins and the departure ends 

are factors that have to be specified in order for the data extracted to be relevant. The indicator does 

consider the percentage of, or time in, level flight, making the identification of areas of improvement 
possible.  

  

One factor to consider when utilising this KPI is the fact that level offs performed by different aircraft 

types have dissimilar environmental impact. Aircraft type is not incorporated in the mathematical 

model of the KPI.  

 

While pilot performance could affect this KPI through the utilisation of different climb or descent rate, 

the KPI can be argued to be largely affected by ATM performance as a level-off is something a pilot 

generally will try to avoid.  

 

6.2.7 Taxi Time 

The Taxi Time indicator measures both taxi-in and taxi-out phases, which makes the metric versatile.  
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Although iﾐtuiti┗e ┗alues are ﾐot geﾐerated H┞ siﾏpl┞ IalIulatiﾐg flight’s ta┝i, Ioﾏparisoﾐ agaiﾐst a 
baseline makes the indicator both clear and relevant. Thereby changes in the taxi time can for example 

be used to evaluate the impact on efficiency various changes in procedures have. 

 

The indicator does not consider speeds at which different aircraft are taxiing at, potentially making a 

slow aircraft relatively less effective than a faster aircraft, although both individually are taxing at 

perfect efficiency. The various taxi speeds also limit the possible impact ATM has on the KPI. Alike 

Additional Time in Taxi-Out Phase, the KPI can be argued to show ATM planning performance. 

 

6.2.8 Percentage of Completed CDO-STAR 

This KPI measures the efficiency of the descent and arrival phase of flight. The value generated by 

calculation of the indicator is intuitive and clear, making it understandable. Furthermore, as the 

responsibility of the planning and executioﾐ of the arri┗al is the pilots’, the ﾏetriI Iaﾐ He said to take 
factors such as aircraft type and its optimal trajectory into account. 

 

However, a completed CDO-STAR does not automatically translate into a completely efficient arrival, 

as various circumstances, e.g. level-offs, can result in inefficiencies during the arrival. These vertical 

inefficiencies can be connected to both pilot and ATM performance as they can be the result of e.g. 

misjudgments or congestion.  

  

6.2.9 3Di Score 

The 3Di Score is an unconventional KPI as it, unlike many other indicators, measures efficiency with an 
index, i.e. the score. The index may cause the KPI to be difficult to understand. Furthermore, although 

the mathematical model is quite simple once constants have been determined, the steps before 

reaching a complete model is complicated and require mathematical analyses. This makes the model 

impractical as it has to be recalculated for each new airspace it is to be used for. 

 

Moreover, the KPI is one of few indicators that, as of today, can measure inefficiencies for the whole 

airborne phase of flight missions, which is considered favourable. However, when evaluating the 

inefficiency of single flight missions, a problem arise. The model is constructed by using sample data 

of flight trajectories in the UK, thus the constants are specific to UK airspace and somewhat related to 

the average type of traffic in the airspace, a mean. Nevertheless, when analysing single missions, the 
aircraft type is not weighed against the mean. For example, consider two aircraft A and B. While aircraft 

A is light, slow and consumes a little amount of fuel per time unit, aircraft B is heavy, fast and consumes 

a great amount of fuel per time unit. These aircraft can receive the same 3Di Score, although aircraft 

B has burnt more fuel than aircraft A; thus adding a greater inefficiency to the system. 

 

Furthermore, considering the vertical component of the 3Di Score, every level-off is compared to the 

RFL, which may not reflect reality well. Also, relating again to the lack of weighing of aircraft types in 

the model: aircraft A mentioned earlier is considered to be 30 % inefficient if it flies at FL 120 instead 

of its RFL 180. Likewise, aircraft B is 30 % inefficient if it flies at FL 220 instead of its RFL 300, even 

though aircraft B is likely to add more inefficiency to the system than aircraft A. 
 

Isolating ATMs effect on this KPI is complicated, due to the many dimensions of the KPI including 

effects from pilot performance and airspace design.  

 

6.2.10 3DFE  

Similarly to 3Di Score, 3DFE is a KPI that measures inefficiencies for the complete airborne phase of 

flights. Calculation of the KPI results in a ratio between actual and optimal fuel consumption, making 

it apprehensible to users. The indicator calculates inefficiencies of flights using radar and BADA data 

as input, making the results accurate as each aircraft is weighed in the model. Simultaneously, this 
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means that the KPI is reliant on the availability of a great deal of data, and the mathematical model is 

at a first glance rather ambiguous and incomprehensible.  

 

The 3DFE indicator is based on several assumptions for the purpose of generalising the mathematical 

model. For example, the weight of aircraft is set as an average for the traffic in the relevant airspace. 

This implies that the efficiency values for traffic individually far away from the average weight may be 

misleading. Similarly, the optimal trajectories used for calculation may be inaccurate partly due to the 

approximation of climb- and descent slope, as well as a cost index that is linear to the maximum 

payload that may generate false optimal speeds. 
 

The indicator measures efficiency between 10 nm from airports. Although a reason for this has not 

been stated, it can be argued that there are two reasons for this approximation: 

 

• LaIk of radar data at low altitudes 

• IﾐeffiIieﾐIies Ilose to the airport are hard to reduIe 

 

The latter can be considered primarily related to arriving aircraft, as these normally have to follow 

standard landing procedures including a determined descent slope, level flight and speed restrictions. 

Efficiency of departing aircraft, however, could be of interest to evaluate even within 10 nm from the 
airport. 

 

Furthermore, 3DFE can be calculated and evaluated for separate phases of flight which facilitates 

flexible use of the KPI. Also, as argued for 3Di Score, 3DFE is affected by many factors including pilot 

performance, airspace design as well as ATM performance.  

 

6.3 Comparison 

For evaluation of a system, it is of interest to examine the overall performance in order to ascertain 

the potential improvement of it. When the overall performance levels have been determined, 

however, inefficiencies may be complicated to attribute to a specific source from a wide perspective. 

Therefore, for the purpose of identifying where improvements can be made, individual elements of 

the system must be subject to scrutiny. 

  

Based on the above, e-KPIs used in ATM should be able to both evaluate the whole system as well as 

individual phases of flight. As none of the indicators analysed have capability to measure inefficiencies 

of an entire flight mission, the intention is to enable an evaluation of the performance that include all 

phases of flight:  
 

1. Planning, pre-flight and gate departure 

2. Taxi-out 

3. Departure 

4. En route and oceanic 

5. Descent and arrival 

6. Taxi-in 

 

Taxi-out and Taxi-in phases are closely related, and will below be categorised as ground operations. 
The phases Departure and Descent and arrival are both related to the terminal airspace and will below 

be considered terminal operations.  

 

Furthermore, the e-KPIs should preferably be able to isolate ATM performance. Few indicators, 

however, have been shown to possess this feature. 
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KEP is the only indicator identified with a connection to the planning phase of the flight, and is closely 

related to the performance of ATM. It is considered a good indicator to utilise in order to gain a better 

understanding regarding how the airspace structures effect the ability to plan flights efficiently.  

 

Two e-KPIs considered measure efficiency at ground operations. Additional Time in the Taxi-Out Phase 

compares the actual taxi-out time with an unimpeded taxi time to generate a value that in essence is 

the inefficiency. Taxi Time, however, takes both taxi-out and taxi-in into account and generates a value 

that must be compared to a baseline in order to show relevance. Both metrics are suitable for 

determining trends over time in efficiency at ground operations, although measuring the mean time 
of a complete taxi is not relevant when trying to identify where improvements can be made.  

 

Regarding terminal operations, the indicators Extra Flown Distance and Additional Time in Terminal 

Airspace both measure horizontal inefficiencies. The inefficiencies associated with Extra Flown 

Distance can essentially be attributed to vectoring and the way the arrival and departure routes are 

structured. In contrast to this, inefficiencies connected to Additional Time in Terminal Airspace also, at 

a larger scale than for Extra Flown Distance, include the impact of wind and speed of the aircraft, as 

time is the unit measured. E.g. if an aircraft is flying in a 50 knot head wind, it would fly 50 knots slower 

than it would in still conditions, which will affect the time the aircraft spends in the terminal airspace, 

it will however not make the flight less efficient or impact the actual distance flown. With this in mind, 
the possible areas of improvement would be easier to identify with the utilisation of the indicator Extra 

Flown Distance.   

 

Percentage Achievement of CCO and CDO, Percentage of Completed CDO-STAR and Time 

in/Percentage Level Flight during Climb/Descent are indicators that take vertical inefficiency in the 

terminal area into account. The first indicator presents the possibility to measure the ratio of efficiency 

in either the arrival or departure phase, while the second one measures efficiency in the arrival phase. 

The second e-KPI is used as of today and is thus proven to be operationally viable. However, neither of 

the two evaluate how inefficient the flights are that do not complete CCO and/or CDO. For this 

purpose, the third KPI is applicable; measuring the time or percentage of the flight spent in a level 
state. Choosing time as measurement for the latter indicator makes it more tangible and facilitate 

improvements, while a percentage is a more general measurement. 

  

For the en route phase, KEA is a decent indicator with the benefit of being used all over Europe, making 

comparisons easy. However, as stated earlier, the 40 nm simplification could be adjusted to match the 

specific airspaces more appropriately.   

 

In terms of overall inefficiency, NATS’ 3Di Score and DSNA’s 3DFE are both interesting indicators. They 

are both more complex than previously mentioned metrics, and also more data reliant. 3Di Score 

measures both horizontal and vertical inefficiencies combined. 3DFE, in addition to a combined 
horizontal and vertical efficiency measurement, also entail the benefit of being able to separately 

evaluate these, making the indicator more flexible. However, as mentioned in Chapter 3.2.1, BADA is 

currently not incorporated in GAIA, which is a requirement for both indicators to be utilised.  
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7 Recommendations 

This chapter presents which indicators that are suggested for use by LFV, and how these should be 

acted upon in accordance with Parmenter's KPI characteristics.  

 

7.1 3DFE  

The 3D Flight Efficiency indicator is considered to best evaluate flight efficiencies in airborne phases of 

flight. However BADA, which is a requirement for calculation of the KPI, is as of today not incorporated 

into GAIA. Subsequently, the recommendation for LFV is to consider the acquirement of BADA in the 

future for the purpose of enabling utilisation of 3DFE.  

 

7.2 KEA  

KEA is recommended for use by LFV as it enables measurement of flight efficiency in the en route phase 

of flight. The fact that it is already in use by all FABs in Europe facilitate comparisons.   

 

7.3 KEP  

To enable the evaluation of efficiency of the airspace, KEP is recommended for use by LFV. The 

indicator is currently used throughout the EU, enabling comparison of performance with other ANSPs.  

 

KEP is strongly connected to ATM performance, and has the possibility to show improvements made 

in e.g. the airspace design. 

 

7.4 Additional Time in the Taxi-Out Phase  

This indicator is recommended for use by LFV as indications connected to the performance of ANS 

related ground operations are required in order for improvements in the area to be made.    

 

Measurement of Additional Time in the Taxi-Out Phase is suggested to be conducted at airport level, 

enabling the possibility of comparison between them. Measurements for all airports combined is also 
recommended in order to detect overall performance changes.   

 

7.5 Extra Distance Flown  

For horizontal flight efficiency measuring in departure and arrival phases of flight, LFV is recommended 
to use e-KPI Extra Distance Flown separately for each phase. Due consideration shall be given to what 

distance is defined to be the optimal; translatable to when the departure phase ends and the arrival 

phase begins, when using the indicator. Most accurate results, using relatively simple calculations, are 

assumed to be achieved if the optimal distance is chosen as the shortest great circle distance between 

departure or destination airport, and measurements ending or starting at ToC or ToD respectively.  

 

Measurement of Extra Distance Flown is suggested to be conducted at airport level, enabling the 

possibility of comparison between them. Measurements for all airports combined is also 

recommended in order to detect overall performance changes. 

 

7.6 Time in Level Flight during Climb/Descent  

Vertical flight efficiency in departure and arrival phases of flight is recommended for LFV to be 

measured using Time in Level Flight during Climb/Descent, separately for each phase. In accordance 

with the Extra Distance Flown e-KPI, a definition of when climb and descent phases ends and begins 
respectively is required. As for the previous KPI, ToC or ToD are recommended as feasible for this 

definition.   
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Measurement of Time in Level Flight during Climb/Descent is suggested to be conducted at airport 

level, enabling the possibility of comparison between them. Measurements for all airports combined 

is also recommended in order to detect overall performance changes.   

 

7.7 Percentage of Completed CDO-STAR 

LFV measures the Percentage of Completed CDO-STAR currently, and is recommended to continue 
doing so. Allowing aircraft to independently, within certain limits, plan and execute their arrival phases 

leads to a higher flight efficiency.  

 

Using this e-KPI together with Time in Level Flight during Descent will be sufficient to evaluate the 

efficiency in arrival phases of flight. The indicator is suggested to be used at airport level. 

 

7.8 Summary 

The e-KPIs presented above are recommended to be measured over a year to create a baseline. 

Thereafter, measurements should be performed on a yearly basis. However, the ability to evaluate the 

performance more regularly may be of interest. Thus, monthly evaluation in addition to yearly can be 

suitable.  

 

Having the above in mind, all selected e-KPIs in this chapter possess the KPI characteristics determined 

by Parmenter, as described in Chapter 2 and presented below: 

 

1. All of the e-KPIs are non-financial measures. 

2. The e-KPIs should be measured upon yearly and possibly monthly. 
3. The e-KPIs should be acted upon by the management which can be accomplished by 

presenting results and showing that efforts towards increased efficiencies are being made 

from high-level. 

4. Each indicator is relatively self-explanatory, thus providing clarity in what action is required by 

staff. 

5. The e-KPIs are all connected to various phases of flight. Teams can easily identify which KPI 

they can affect. 

6. Connecting the e-KPIs to goals that are achievable and motivational will impact the operational 

work. 

7. Indicating from high level that reaching the goals is important to the business will motivate 
personnel to take action and improve efficiency. 
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8 Concluding discussion  

The results of the thesis are discussed in this chapter. 

 

Measuring ATM performance requires techniques that isolate the inefficiencies that can be attributed 

to ATM from other factors, such as weather, aircraft performance and airspace users' preferences. 

SESAR has concretised this wish by the introduction of the Gate-to-Gate Overall ANS Related CO2 

Efficiency Index KPI which encompasses ANS. How to accurately measure the e-KPI is, however, yet to 

be determined. 

 

A selection of the recommended e-KPIs show clear connections to the performance of the ATM system, 
and somewhat to ATC performance. These may be of greater interest for LFV as these can be acted 

upon by the staff in their everyday operational work, while other indicators measure inefficiencies only 

partly attributable to ATM. 

 

Although the goal of an e-KPI that isolate ATM inefficiencies remains, it is of high importance to 

measure what can be measured at this point in order to gather information as to where improvements 

in performance can be achieved. Many metrics provide the possibility to measure specific portions of 

flight, while the number of metrics taking larger portions of a flight mission into account is limited. 

Nevertheless, two e-KPIs have been described in this thesis that possess the possibility to evaluate the 
performance for a major share of a flight mission, of which 3DFE is considered to do so most accurately.   

 

The highest level of precision when measuring performance can only be achieved when all data is 

provided. Actual flight data must be accessible for comparison with ATM data for precise 

determination of where inefficiencies are generated. SAS' Delta CO2 metric have demonstrated that it 

is possible to determine phases of flight where high performance is more crucial than others in regard 

to environmental impact. Furthermore, the Normalised CO2 indicator can quantify inefficiencies with 

no consideration to uncontrollable external factors, thus increasing accuracy of measurements 

significantly. The metrics are of high relevance to performance measuring in ATM and are calculated 

with flight data as part of their input.  
 

BADA is as of today not incorporated in GAIA and flight data from all airlines are not accessible to LFV 

presently. Subsequently, 3DFE, Delta CO2 or Normalised CO2 are not options to consider in this 

moment. Nevertheless, the 3D Flight Efficiency Indicator is a metric to bear in mind in the future, as 

the implementation of it is only prevented by the requirement of BADA.  

 

This thesis has presented a set of recommended e-KPIs that can be implemented by LFV. Due 

consideration, however, should be given to the fact that several decisions regarding the indicators 

must be made before an implementation. Additional work must be conducted to define intentions 

with-, and parameters connected to the e-KPIs.  
 

The next step for LFV is to assess what resources are available for development and implementation 

of the proposed KPIs. This requires evaluation of priorities, gathering of further information regarding 

the practical aspects of implementing the KPIs and a definition of what LFV wants to accomplish with 

the introduction of new metrics. Discussions with DSNA regarding their indicator 3DFE are 

recommended in order to determine if the metric is viable for LFV. 

 

Based on the studies in this report, it is apparent that GAIA is one of very few investments made by 

ANSPs in Europe towards measuring and graphically presenting e-KPIs. LFV has the opportunity to 

remain in the front, provided further commitment to GAIA and its development. 
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