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Introduction

This is the fourth Performance Review Report of the Performance Review Commission. It examines
European ATM performance during the year 2000, and presents a first comparison between the
European and the US ATM systems. Its main conclusions are as follows:

Traffic

In 2000, traffic continued to grow (+4.8% over 1999), slowing in the second half of the year. Traffic
forecasts are reasonably reliable at European level. However, at local level1, unpredictable traffic
variations are observed to which the ATM system must be able to respond flexibly.

Safety

Incident reporting, which was called for by the PRC in its first report (PRR 1, 1998) is still in the early
phases of implementation, which makes it impossible to detect any positive or negative trend in risk
attributable to ATM. Progress is expected with the implementation of the EUROCONTROL Safety
Regulation Requirement on reporting and assessment of safety occurrences in ATM (ESARR 2).

Incident reports are presently insufficient to determine key risk areas. All separation minima
infringements should be detected, analysed and reported, as specified by ESARR 2, and incident
reporting encouraged. The PRC will ensure that impediments to non-punitive safety reporting are
investigated.

Safety management is even more important than incident reporting. Implementation of the European
safety management2 standard (ESARR 3) by June 2003 will probably require a substantial effort in many
States.

Implementation of safety net tools, which helps prevent safety occurrences, is long overdue in a number
of States.

The PRC considers that performance in this area would be enhanced if safety regulation were to be
separated from service provision.

EXECUTIVE SUMMARY

1 e.g. regional crisis, shift in holiday market demand.
2 Safety management implementation was already the subject of one CIP objective to be implemented in 1999.

7% 10% 8% 4% 6% 2% 4% 4% 3% 3% 3% 2%
14 000

16 000

18 000

20 000

22 000

24 000

26 000

1 2 3 4 5 6 7 8 9 10 11 12

var 99/00 1997 1998 1999 2000

Figure 1: Average European Daily Traffic and Traffic Forecast
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3 Reactionary delays are due to the late arrival of incoming flight or connecting crew. They originate from primary delays and propagate
until the end of the day, unless counter-measures are taken (longer buffers, spare aircraft etc.).

4  "Effective capacity" is defined as the traffic volume (km) which the ATM system can control with a given level of en-route ATFM delay.

Delays

Arrival delays are a good measure of air
transport punctuality as seen by the
passenger. However, buffers are
incorporated in schedules to account for
foreseeable delays, which makes arrival
delays less suitable for assessing ATM
performance.

Departure and Air Traffic Flow Management
(ATFM) delays reduced in 2000, compared
to the Kosovo-affected 1999. 

It is important to identify departure delay
causes.

Reactionary delays3 are still dominant
(39%) among air transport departure
delays. As far as ATM is concerned, they
are best resolved by reducing long primary
delays.

Airline and ATFM were the main primary
delay causes in 2000. ATFM delays were
mostly due to lack of ATC en-route capacity
(68%).

Effective capacity4 has matched traffic
growth in the last ten years (+80%
approximately). However, capacity has
been lagging behind demand.

The delay target set for summer 2000 (3.5
minutes) was not met. 

Delay forecasts for summer 2001 indicate
the need for strong capacity increases.
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The main features and underlying causes of ATFM delays remained in 2000:

" Lower effective capacity during weekends;
" Concentration of delays in summer;
" Lower effective capacity in the first part of the summer;
" Significant delays in the London-Zurich-Marseille arc;
" Significant delays in the upper airspace (need for a Single European Sky);
" Persistence of staffing issues;
" ATFM issues (non-adherence to ATFM slots, etc);
" Capacity commitments not fully met by some Air Navigation Service Providers - ANSPs 

(Non-binding nature of capacity management processes).

Given the historic cost of capacity, and the capacity/delay relationship, the optimum average ECAC
summer en-route ATFM delay is approximately 1 minute, which translates into an average figure of 0.3
minute per Area Control Centre (ACC).

Figure 4 indicates that capacity increase has been possible. While there is little opportunity for efficient
near term additional action, ANSPs and the EUROCONTROL Agency can take medium term actions to
reach the optimum as soon as possible (seamless European airspace design, optimisation of
civil/military areas and operations, taking full advantage of RVSM, investments, recruitment, etc). This
must be consistent with safety objectives and be achieved cost-effectively.

It will take resolute action to reduce average ATFM
delays to the agreed value of 1 minute by 2006 even
under the baseline traffic growth scenario.

The present slowing down of traffic growth is no
reason for complacency, rather it is an opportunity to
reach the target more quickly.

Several measures could lead in the right direction:

" European-level airspace regulation will be
needed and temporary solutions should be
identified in the transitional period;

" The delegation of Air Traffic Services to
neighbouring ANSPs where capacity benefits are expected should be actively pursued;

" A formal commitment or incentives to adhere to the capacity/performance plans should be
introduced;

" ATC provision should be managed in a more flexible way so as to allocate resources in a timely
manner and avoid resource wastage;

" Specific solutions should be sought to improve weekend delays; 
" Rules governing ATFM slots, including non-compliance procedures, should be included in the

general conditions for the operation of the common European ATFM system6.

5 Including a share of reactionary delays. Costs to passengers are of the same order of magnitude. 
6 Article 7.2 d of the EUROCONTROL Revised Convention.

Table 1: ATFM Delay Data and Indicators (Summary)
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Year 2000
Traffic (flights) 8.4 million (+4.8%)
Percentage of ATFM delays > 15 minutes 9%
Average en route summer ATFM delay 3.6 minutes
Total en-route ATFM delay costs to users €1.3-1.9 billion5
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7 An ICAO-CAEP study shows that by 2015 there should be an annual benefit of around 5% fuel and CO2 emissions reduction for both

continental US and Europe.
8 See PRR 3, section 8.3.

Cost-effectiveness

Average en-route costs appear to be
rising again. High increases have been
noted in some States.

There is insufficient formal justification of
cost bases outside individual States and
no open mechanism by which they can be
questioned. The role of the Central Route
Charges Office is limited to checking the
application of route charge principles only
upon request.

There is insufficient transparency in
terminal charges and en-route/terminal
cost allocation. In the absence of
adequate information, the PRC cannot
perform its review function.

There are substantial differences in ATM
cost efficiency indicators between the
Member States.

Environment

ATM could help reduce emissions at the margin (approximately 5%)7 and minimise noise using adequate
departure and arrival procedures (e.g. continuous descent).

Airports

Demand being capped at most major European airports, airport-related ATFM delays tend to be
concentrated at a few airports as a result of deliberate local policies.

ATM can help improve the use of airport capacity at the margin by providing adequate approach capacity
and maximising runway throughput. On the other hand, ATFM constraints may reduce airport capacity
utilisation. The present non-compliance with ATFM slots and airport slots at many airports has delay
implications (capacity buffers to protect from overloads)8.

US/Europe Comparisons

The PRC has made initial comparisons of the performance of the US and European ATM systems.
Structurally, both systems are rather similar, with similar airspace volume, traffic concentration around
major airports, and average route length suggesting that the US ATM system is a natural and relevant
yardstick for the European system.

There appear to be no significant differences in air transport safety and ATM safety performance across
both sides of the Atlantic.

Delays are a growing problem in the US and European ATM systems. Both systems are struggling to
cope with demand, but the issues are of a very different nature: mostly limited airport capacity in the
US, mostly limited ATC capacity in Europe.
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Route Charges
1997 1999 2000P 2001P

Contracting States 24 28 28 29
Total en-route costs (million Euro) 3 572 4187 4433 4 832
Kilometres (million) 4 923 5 982 6 310 6 660
Unit cost (Euro 99 /km) 0.74 0.70 0.69 0.70
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This comparison has, however, highlighted some major differences,
which need to be investigated further.

The major finding is that the US FAA controls twice as many IFR flights
at only a slightly higher total cost and with the same total number of
air traffic controllers as in the EUROCONTROL Member States.

It is likely that causes for such a large difference in cost-effectiveness
and productivity originate from various and complex factors. Potential
factors that could explain this are:

" Operational differences (traffic complexity, route structure, etc.);
" Collective efficiency of the European ATM system (fragmentation,

civil and military arrangements, etc.);
" Individual efficiency of European ANSPs;
" Legal and social framework; and,
" Greater mismatch between supply and demand leading to capacity shortage and capacity waste.

Clearly, a more detailed analysis is required.

Conclusions

Traffic Demand

1. Demand for air transport continued to grow uninterruptedly in 2000, albeit at reduced rates in the
second semester. Over the last three years, IFR traffic has increased by 5.5% per year, well within
the range that had been forecast three years earlier. The increase in traffic volume (distance
flown), which is a better measure of ACC load, was even higher (7.0% per year).

2. Although seasonal variations exist, there are no exceptional peak days of traffic. Traffic peaks in
one year are traffic troughs three years later. Weekend traffic shows substantial differences (longer
flights, different routes), to which ANSPs should be able to adapt.

3. ANSP planning needs to be sufficiently flexible to take reasonable account of imprecision in
forecasting. Such planning should take into account consultation with users and network effects.

Safety

4. Separation between safety regulation and service provision functions should be established in each
EUROCONTROL Member State, and also enshrined in European Community legislation.

5. Safety can and must be measured. It is essential not only that ESARR 2 is implemented in all
Member States but also that a formal obligation is placed by States on all ATM Service Providers
to systematically detect, report and analyse all safety occurrences to the level specified in
ESARR 2.

6. The PRC will ensure that impediments to non-punitive safety reporting are investigated.

7. States should ensure that ESARR 3 is implemented by ATM Service Providers by the target date
of June 2003. 

8. The EUROCONTROL Organisation, together with ECAC, should actively develop a common
European safety strategy and prepare for the possible extension of the ICAO Universal Oversight
Audit Programme (IUSOAP) to ATS.

9. Controlled Flight Into Terrain (CFIT) is one of the major causes of fatal accidents. ATM can play an
assisting role to prevent these, even though it does not have the primary responsibility for terrain
clearance.

10. Implementation of safety net tools is long overdue in a number of States. The information made
available by these tools should be used for safety analysis.
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Delays

11. The delay reporting system should actively promote positive behaviour of concerned parties (e.g.
re-routings accepted by users and providers) and a transparency culture (delay causes such as
weather, over-scheduling, technical failures accurately identified and communicated).

12. Better control of interactions between airports, airlines and ATM is needed, which can be achieved,
in particular, by better Collaborative Decision Making (CDM) processes.

13. The PRC considers that the optimum average en-route ATFM delay for the ECAC area in the
summer period is approximately 1 minute per flight. The PRC recommends that this target be
reached as rapidly as possible in a cost-effective way, consistent with safety objectives.

Cost-effectiveness

14. An increase in the overall en-route unit cost is expected for 2001.

15. There is insufficient formal justification of en-route and terminal cost bases outside individual
States and no effective mechanisms by which cost bases can be questioned. EUROCONTROL
should be given an enhanced role to investigate compliance with the EUROCONTROL Principles for
the establishment of route charges cost-bases and the unit rates.

16. The PRC’s recommended economic information disclosure will make comprehensive information
available to all stakeholders and will assist performance review.

17. Cost-effectiveness of the European ATM system should be actively promoted and effective
economic regulation introduced to match the increasing corporatisation and commercialisation of
ANSPs.

Environment

18. Aviation emissions are forecast to grow, even taking into account expected efficiency gains.
Airlines, pursuing their business objectives, have strong incentives to economise on fuel
consumption (and hence emissions). These incentives will be sharpened as the result of policy
changes to address global emission concerns. Airports are concerned about noise and other local
impacts, as these will affect airport operations and development.

19. Provided that ANSPs are responsive to requests from airlines and airports for measures and
opportunities to minimise adverse impacts, this should ensure that the system overall follows best
practice development from an environmental perspective.

20. The PRC intends to extend this subject in future reports, in accordance with the concept of
sustainable aviation.

Airports

21. In addition to resolving the existing en-route capacity shortage, ATM policy should be driven to
maximise the use of scarce airport resources. The development and application of CDM processes
should get high priority.

22. Any environmental constraint should be reflected in the declared maximum airport capacity.

Initial US/Europe Comparison

23. The PRC considers that this initial comparison of US and European ATM systems raises questions
about the productivity of the European ATM system which warrant further study. Understanding
the root causes for the wide performance gaps requires further intensive co-operative work with
all concerned parties. European ANSPs should participate actively in the benchmarking exercise
being undertaken by the PRC, in co-operation with interested parties.

24. More and better information than is currently available in Europe will be needed to conduct this
benchmarking exercise.
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INTRODUCTION

More information about the PRC is provided on the inside-back cover of this report.

1.1.4 Unless otherwise indicated, all data used in this report refer to the year 2000.

Mr M. Ambrose

Mr L. Hlinovsky

Mr G. Iazeolla

Mr J. Leveque

Mr P.W. Pedersen

Mr V. Veres

Mr D. Andrew

Mr F. Escarti

Mr C. Den Hartog

Mr Ph. Hogge

Capt. I. Stoimenov

Dr U. Völckers

Mr I. Hubert

Mr Ph. Jaquard

Mr G. Nanidis

Dr A. Triola

Mr P. Wallden

Mr K. Walther

Former PRC Members Current PRC Members

1.1.1 This is the fourth Performance Review Report of the Performance Review Commission [ref 1].
It reviews Air Traffic Management (ATM) performance in Europe for the year 2000, identifies
problems and draws conclusions. These conclusions, after consultation with interested parties,
will be used to develop recommendations for action to be submitted to the EUROCONTROL
Provisional Council.

1.1.2 Chapter 2 discusses the evolution of traffic demand and its predictability. In Chapter 3 the PRC
has used data provided by the Safety Regulation Commission (SRC) to assess the impact of
safety issues on performance and to develop conclusions. That chapter has been prepared in
co-ordination with the Safety Regulation Unit (SRU). Chapter 4 covers Delays while Chapter 5
deals with Cost-effectiveness. It should be noted that these three Key Performance Areas (KPA)
of Safety, Delays and Cost-effectiveness [ref 2] were contained in previous Performance Review
Reports. An additional KPA has been included in this report: Environment (Chapter 6). It will
be developed further in subsequent Reports. The influence of Airports (Chapter 7) on ATM
performance was first addressed in PRR 3 (1999) and is further developed here. Chapter 8
presents comparative facts about US and European ATM performance.

1.1.3 The PRC’s first term of office ended on 31 December 2000, and six of the PRC Members were
replaced. Thus, this Performance Review Report has been prepared by the current PRC as well
as by the former PRC Members. 



2.1 Traffic Demand

2.1.1 Air traffic performed under
Instrument Flight Rules (IFR)
continued to grow in Europe
during 2000, albeit at reduced
rates in the second semester (see
Figure 9).

2.1.2 Table 3 indicates that Area
Control Centre (ACC) load, as
measured by ACC movements or
distance flown, grew faster than
IFR traffic.

2.1.3 Over the last 10 years, IFR
flights grew by 60% and traffic
volume (total IFR distance flown)
by 80%. The average distance
flown increased by 13%.

2.2 Daily/Annual Variation of Traffic

2.2.1 Figure 10 shows the distribution of traffic over the year for each day of the week. There were
no exceptional peak days of traffic. There were, however, days with relatively lower traffic which
correspond in general to holiday periods or to special events (e.g. computer failure, industrial
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TRAFFIC DEMAND

Table 3: Traffic Data (1997-2000)

Figure 10: Yearly Distribution of Traffic

9 One flight passing through "N" ACCs generates "N" ACC movement(s).
10 Indices for each parameter are computed with base 100 in 1997.
11 For States participating in the EUROCONTROL Route Charges System in 1997.
12 2000 was a leap year.
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Figure 9: Average Daily Traffic in CFMU Area
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2000 8.4 m 117 26.4 m 122 6 030 m 122



TRAFFIC DEMAND

9

action). Traffic is higher during
weekdays, Fridays being generally the
busiest. Weekday traffic is highest
towards the end of June and early
September. Regional differences do
exist and can lead to higher variations
at local level. Moreover, the period of
peak traffic may vary across Europe.

2.2.2 Seasonal variation in traffic demand
(~17%) is limited compared to annual
traffic growth (5% - 6% per year).
Traffic peaks observed in 1997
correspond to traffic troughs in 2000.

2.3 Geographical Distribution of Traffic

2.3.1 86% of the traffic is internal to the ECAC area [ref 3] of which 40% is domestic (departure and
destination airports within the same State) and 46% is international. 13% of the traffic
corresponds to flights from or to non-ECAC countries, and less than 1% is overflight traffic.

2.3.2 Figure 12 shows the main airports and airport pairs. Paris Charles de Gaulle was the busiest
airport in terms of flight movements with 261 000 departing flights in 2000. Seventeen airports
had more than 100 000 departing flights and accounted for 35% of the ECAC traffic.

2.3.3 The busiest airport-pair was Barcelona-Madrid with nearly 60 flights a day. Airport-pairs with
more than 10 flights a day (229 airport-pairs representing only 16% of the total ECAC traffic)
are shown on the map below. The origin-destination matrix is very diffuse.

2.3.4 Figure 13 shows the busiest routes flown on 8 September14, 2000. A significant concentration
of traffic exists in the area delimited by London, Paris, Frankfurt and Amsterdam. This area
includes the most important European hubs, it is also the crossing point between traffic from

13  The weeks corresponding to Christmas and New Year have been excluded from the graph.
14 Busiest day of the year.
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Northern Europe to the South West and traffic from Central Europe to the West. Another
significant concentration of traffic exists over Switzerland, the Eastern part of France and the
Southern part of Germany, as this area corresponds to the cross-roads of major traffic flows
(South-North and East-West).

2.3.5 There exist however significant differences in traffic flows between weekdays and weekends.
Weekend traffic tends to be more concentrated towards the main tourist destinations and to be
longer as shown in Figure 14.

Figure 13: Route Network Utilisation

Figure 14: Flight Length Distribution
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2.4 Demand Predictability

2.4.1 Traffic forecast is an essential element of the planning process. Several years are needed to
train new Air Traffic Controllers (ATCOs) or to implement new ATM systems. The delay crisis of
the late 1980’s was clearly the result of unanticipated traffic growth. This does not seem to
apply to the current situation. Figure 15 compares the actual traffic observed in 2000 with the
forecast published three years earlier by a Specialist Panel of European experts (STATFOR) [ref
4]. Although traffic has been slightly above the forecast in the last five years, this difference
cannot in itself explain the capacity shortage observed today.

2.4.2 Whereas traffic forecasts have been fairly reliable at ECAC level, this has not always been the
case at local level, especially for Air Navigation Service Providers (ANSPs) with less traffic (see
graph on the right of Figure 15). Unforeseeable events may displace major flows and result in
large and unpredictable traffic changes (e.g. +144% in Slovenia, -20% in Hungary).
Uncertainty in traffic growth can therefore best be managed collectively in Europe.

2.5 Conclusions

2.5.1 Demand for air transport continued to grow uninterruptedly in 2000, albeit at reduced rates in
the second semester. Over the last three years, IFR traffic has increased by 5.5% per year, well
within the bracket that had been forecast three years earlier. The increase in traffic volume
(distance flown), which is a better measure of ACC load, was even higher (7% per year).

2.5.2 Although seasonal variations exist, there are no exceptional peak days of traffic. Traffic peaks
in one year are traffic troughs three years later. Weekend traffic shows substantial differences
(longer flights, different routes), to which ANSPs should be able to adapt.

2.5.3 ANSP planning needs to be sufficiently flexible to take reasonable account of imprecision in
forecasting. Such planning should take into account consultation with users and network
effects.

Figure 15: Actual Traffic vs Forecast
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3.1 Safety Regulation

3.1.1 The EUROCONTROL Commission, advised by the
Safety Regulation Commission (SRC), can take
safety regulatory decisions which are binding on
Member States. The SRC is developing Safety
Regulatory Requirements (ESARRs) for approval by
the EUROCONTROL Commission. Consistency with
ICAO Standards and Recommended Practices
(SARPs) is fully addressed for each ESARR.

3.1.2 The European Commission has proposed the
creation of a European Aviation Safety Agency
(EASA), to which, inter alia, responsibility for ATM
safety regulation in the European Union may be
transferred by 2005. 

3.1.3 Safety performance would be enhanced if safety regulation were to be separated from service
provision.

3.1.4 Separation between safety regulation and service provision functions should be
established in each EUROCONTROL Member State, and also enshrined in European
Community legislation.

3.2 Accidents

3.2.1 A survey [ref 5] of
publicly available
accident and incident
data by the Safety
Regulation Commission
(SRC) shows that
fatalities and acci-
dents, as compiled from
the ICAO Accident Data
Reporting (ADREP)
database15, remained
fairly constant within the ECAC area during 1988–2000 (see Figure 16).

3.3 Incidents

3.3.1 Only twenty of the
EUROCONTROL Member
States provided data relating
to safety occurrences for the
year 1999 [ref 6]. This was
provided on a voluntary and
confidential basis, before
ESARR 2 became applicable.
Data relating to 2000, which
are required by ESARR 2,
were not available in time for
the purposes of this report. 

3.3.2 Table 4 presents the types of ATM incidents that have been investigated by the twenty reporting
States in 1999. It is emphasised that one incident can be classified under multiple headings
(e.g. a level bust can also result in inadequate separation).

SAFETY

15  According to ICAO rules, all accidents involving aircraft heavier than 2.25 tonnes in international traffic must be reported (excluding
helicopters).

ESARR EUROCONTROL Safety
Regulatory Requirement

ESARR 2 Reporting and assessment of
safety occurrences in ATM
(issue 2.0 – Nov. 2000)

ESARR 3 Use of Safety Management
systems by ATM Service
Providers (July 2000)

ESARR 4 Risk assessment and Mitigation
in ATM (April 2001)

ESARR 5 ATM Services’ Personnel
(Nov. 2000)

ESARR 6 Software-based ATM systems
(draft)
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Figure 16: Accidents within ECAC

Table 4: Categorisation of Incidents for 1999
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Separation minima infringement 499
Unauthorised penetration of airspace 491
Aircraft deviation from ATM clearance (e.g. level bust) 149
Runway Incursion 48
Aircraft deviations from applicable published ATM procedures 39
Inadequate separation 8
Near Controlled Flight Into Terrain (CFIT) 5
Runway excursion by aircraft 2
Other types of incidents 82
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3.3.3 The breakdowns per different categories (airspace class, causal factors etc.) are often missing
or the quality of the reported data is questionable, thus rendering any analysis difficult, if not
impossible.

3.4 Incident Reporting

3.4.1 Significant benefits can be obtained from a
comprehensive safety reporting,
assessment and lesson dissemination
programme. Figure 17 illustrates the
experience of a major European airline that
has implemented a safety awareness and
reporting programme, backed by a penalty-
free reporting environment. Vigorous action
was taken to report all safety-related
occurrences which were then classified
against an agreed risk rating (High,
Medium, Low). The application of lessons
learnt, driven by an objective risk rating for
each occurrence, linked to an annually
improving reporting rate, led to a significant
fall in high risk occurrences. The airline also
reported a resultant economic benefit.

3.4.2 In 1999, the PRC recommended that a harmonised safety performance reporting system be
established as a matter of urgency. Also, within the EUROCONTROL Safety Measurement and
Improvement Programme, ESARR 2 has been adopted with effect from 1st January 2000. In
accordance with ESARR 2, the provision of initial safety occurrence data for the year 2000 and
final data for 1999 should have been sent to the SRC by 31 March 2001.

3.4.3 There are a number of weaknesses in the present reporting system at national level. Currently,
ICAO does not require States to notify all safety occurrences. In this connection, Annex 13
requires reporting of accidents and serious incidents involving international traffic. ESARR 2
defines minimum provisions for national reporting arrangements while leaving States sufficient
flexibility in reporting system design. Therefore, if a State’s reporting scheme is not sufficiently
stringent and does not comply fully with the requirements of ESARR 2, the level of reporting in
that State will be low, and so will be the level of data reported to EUROCONTROL.

3.4.4 The availability of safety data and analyses is both an important enabler to enhance safety and
a fundamental passenger right. In the US, information on certain categories of incidents is
made available on the World Wide Web [ref 7]. At the moment, essential safety-related
information is not widely shared among ANSPs in Europe, which means lost opportunities to
learn from the experience of others. A European pool of data, analyses and lessons learnt would
allow better dissemination of this valuable knowledge to all parties.

3.4.5 It is essential not only that ESARR 2 is implemented in all Member States but also that
a formal obligation is placed by States on all ATM Service Providers to systematically
detect, report and analyse all safety occurrences to the level specified in ESARR 2.

3.5 Non-punitive Safety Reporting

3.5.1 Non-punitive safety reporting is a necessary pre-requisite to ensure that all incidents are
reported. ICAO Annex 13 states that the purpose of investigations is not to apportion blame or
liability.

3.5.2 The EC’s High Level Group (HLG) [ref. 8] and the Provisional Council16 support non-punitive
reporting, and have called on States to institute confidential no-blame or no-penalty safety
occurrence reporting schemes. Although there is support at European level for a non-punitive
reporting environment, there is no evidence as to the extent to which the national legal
frameworks will enable or inhibit this. The PRC will ensure that this issue is investigated.

Figure 17: Safety Reporting for One Airline

16 At the fifth Session of the Provisional Council (July 1999), the Provisional Council urged all States to adopt "no-penalty" safety incident
reporting policies where these were not already in place.
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3.6 Safety Management

3.6.1 A major function of safety management is to ensure that all safety risks have been identified,
assessed and satisfactorily mitigated. The prime responsibility for the management of safety
rests with each ANSP.

3.6.2 A formal and systematic approach maximises safety benefits in a visible and traceable way.
ICAO Annex 11, and its recently adopted amendment (2.26.1) requires: "States shall imple-
ment systematic and appropriate ATS safety management programmes to ensure that safety is
maintained in the provision of ATS within airspaces and at aerodromes". ESARR 3, adopted in
July 2000, gives practical effect to amended Annex 11 in the EUROCONTROL Organisation.
Given its importance and the sufficient lead time available, States should ensure that
ESARR 3 is implemented by ATM Service Providers17 by the target date of 2003.

3.6.3 Whereas the former Convergence and Implementation Programme (CIP) included safety
objectives, this is presently not the case in the European CIP (ECIP) [ref 9]. EUROCONTROL,
being the European Organisation for the Safety of Air Navigation, should rectify this anomaly.

3.6.4 ICAO is considering extension of its Universal Safety Oversight Audit Programme (IUSOAP) to
ATS18. ECAC is developing a common position on IUSOAP for the ICAO 33rd General Assembly
(September 2001). The EUROCONTROL Organisation, together with ECAC, should
actively develop a common European safety strategy and prepare for the possible
extension of IUSOAP to ATS.

3.7 Key Risk Areas

3.7.1 Identifying risk areas in ATM is essential so that preventive measures can be taken. This is part
of the overall safety management process. It is a key activity for regulators and ANSPs. 

3.7.2 The recently amended Annex 11 requires States to establish the acceptable level of safety
applicable to the provision of ATS. In order to do this, States will have to determine acceptable
levels of risk, since the management of safety effectively involves the management of risk. This
will require the systematic identification of hazards, their analysis and a risk assessment.
ESARR 4 provides for a harmonised European mechanism to meet this ICAO requirement.

3.7.3 There is anecdotal evidence on some types of risk areas19, but there is not enough evidence to
show that these risk areas exist at European level, or whether they are symptoms of other basic
problems in the system. The PRC considers that there is a need for more research to determine
the key risk areas in ATM, and whether they affect all or are specific to particular
airspace/ANSPs/airports/aircraft operators.

3.7.4 Several initiatives have been taken in an attempt to identify key risk areas, but the outcome of
these attempts might be impaired by the lack of data:

a) Under the JAA’s Joint Safety Strategy Initiative20 (JSSI) [ref 10], seven focus areas have
been identified: (1) Controlled Flight Into Terrain (CFIT), (2) Approach and Landing, (3)
Loss of Control, (4) Design Related, (5) Weather, (6) Occupant Safety and Survivability,
(7) Runway Incursions. Future potential hazards are also looked at.

b) The SRC has conducted a survey of ATM-related safety data (see [ref 5]). The study
gathers the best present knowledge within publicly available sources regarding the
identified levels of ATM safety. However, it shows the limitations of existing safety data in
ATM and confirms the need for urgent and full implementation of ESARR 2 by all States.

c) A study on runway incursions has been performed in the US at the initiative of two
aviation interest groups21. A future joint team formed by JAA, EUROCONTROL and the
Group of Airport Safety Regulators will examine solutions to prevent runway incursions in
the European context.

17 In the context of ESARR 3 only ATM services are addressed, and not the full spectrum of ANS (AIS, SAR etc.).
18 ICAO does not mention ATM.
19 Issues like runway incursions (see paragraph 3.7.4, c.), level busts (noticed by UK, Sweden) and call-sign confusion (noticed by France).
20  EUROCONTROL (and in particular SRU/SRC) is actively involved in the JSSI.
21 The Commercial Aviation Safety Team (CAST) and the General Aviation Joint Steering Committee (GAJSC).
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3.7.5 The highest risks are associated with CFIT and Approach and Landing. Whereas ATM is not
primarily responsible for terrain clearance, ATM/CNS procedures could make a more positive
contribution22 in reducing these risks through the use of advanced tools23.

3.7.6 Communication between ATC and flight crews is a significant causal factor in incidents and
accidents, in particular the use of the English language and standard phraseology for
international traffic. ESARR 5 requires proficiency in English [ref 11]. Several studies carried
out in Europe and in the US on data-link (CPDLC, PETAL trials) have reported a safety benefit
from using data-link in conjunction with voice communication. This reduces the need for voice
communications, thus decreasing workload and the potential for confusion.

3.8 Safety Net Tools

3.8.1 Safety net tools are assistance tools that provide a safety back-up in the event of system failure
or human error. Presently, three safety net tools are identified in the CIP and the new ECIP:
a) Short-term Conflict Alert (STCA) 
b) Minimum Safe Altitude Warning (MSAW)
c) Area Proximity Warning (APW).
The information made available by these tools should be used for safety analysis.

3.8.2 Although all three safety net tools should have been implemented by 1999 in accordance with
the former CIP, a number of ACCs have not yet implemented all of them. States should take
necessary measures to implement all these safety net tools in accordance with the ECIP
objectives, and as emphasised in the HLG report [ref 12].

3.8.3 On the airborne side, carriage of the Airborne Collision Avoidance System (ACAS) became
mandatory for certain aircraft in European airspace from 31 March 2001. The TCAS II v6.04a
being incompatible24 with Reduced Vertical Separation Minima (RVSM), there is a need to urge
all aircraft operators to fit TCAS II v7, which is better adapted to the RVSM environment.
However, the full extent of safety issues of ACAS systems in RVSM airspace should be further
investigated and fully assessed.

3.9 Conclusions

3.9.1 Separation between safety regulation and service provision functions should be established in
each EUROCONTROL Member State, and also enshrined in European Community legislation.

3.9.2 Safety can and must be measured. It is essential not only that ESARR 2 is implemented in all
Member States but also that a formal obligation is placed by States on all ATM Service Providers
to systematically detect, report and analyse all safety occurrences to the level specified in
ESARR 2.

3.9.3 The PRC will ensure that impediments to non-punitive safety reporting are investigated.

3.9.4 States should ensure that ESARR 3 is implemented by ATM Service Providers by the target date
of June 2003. 

3.9.5 The EUROCONTROL Organisation, together with ECAC, should actively develop a common
European safety strategy and prepare for the possible extension of IUSOAP to ATS.

3.9.6 CFIT is one of the major causes of fatal accidents. ATM can play an assisting role to prevent
these, even though it does not have the primary responsibility for terrain clearance.

3.9.7 Implementation of safety net tools is long overdue in a number of States. The information made
available by these tools should be used for safety analysis.

22 From the EATMP’s Safety Group Safety letter, June 2000: "Based on a study carried out by a JAA team, out of 12 CFIT that occurred
between 1988 and 1994, ATM was involved in 11 of those cases".

23  e.g. Minimum Safe Altitude Warning (MSAW), see 3.8.
24  Conclusion presented at ACG/11, arising from the ACAS Project [ref 13]. According to these sources, there would be an unacceptable

number of false-alerts for both pilots and ATCOs coming from aircraft carrying TCAS II v6.04a.
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4.1 Introduction

4.1.1 This chapter addresses delays from two different viewpoints:

" Air transport view with reference to the schedule (sections 4.2-4.3),
" ATM view with reference to the flight plan (sections 4.4 et seq.)

4.1.2 Delays will also be presented in relation to capacity and costs (sections 4.10-4.13).

4.2 Delays and Punctuality

4.2.1 Punctuality, i.e. adherence to published
times, is important to passengers25, airlines
and airports26. Punctuality is measured by
on-time performance27 and departure
and/or arrival delay with respect to the flight
schedule (see Figure 18). Most airlines
preserve punctuality by using buffers to
counter predictable delays on a statistical
basis. Buffers are an expensive way of
ensuring a good quality service to
passengers. Information on punctuality and
corresponding causal factors is presently
scarce in Europe.

4.2.2 On-time performance information is available from the Association of European Airlines (AEA)
and the Central Office of Delay Analysis (CODA). This information is presently based on a
sample of 21 airlines operating intra-European routes between 27 major airports, i.e.
approximately 15% of ECAC traffic, which makes it a representative sample. Aggregate figures
can be found in the following table.

4.2.3 In PRR 3, the PRC concluded that "there is insufficient reliable data to enable the causes,
locations and origins of all air transport delays to be clearly identified and analysed." [ref 14].
While ATM-related delays are well known (see sections 4.4 et seq.), this is not the case for other
delays. The existing European Air Transport delay reporting system would require
improvements in the following areas:

" Arrival delay statistics and causal information;
" Airline and airport-related departure delay statistics and causal information;
" Taxi and en-route delay statistics and causal information;
" Dissemination of information;
" Standardisation of delay data collection and transmission;
" Accountability in assigning delay causes.

4.2.4 The delay reporting system should promote positive behaviour on the part of the
parties concerned (e.g. re-routings accepted by users and providers) and a
transparency culture (delay causes such as weather, over-scheduling, technical
failures accurately identified and communicated).

4.2.5 The European Commission and the EUROCONTROL Agency are taking initial steps to this effect. 

25  Reliance on schedules, avoidance of personal and/or professional inconvenience arising from delayed flights.
26  Schedules are a key product of airlines and airports.
27  For example, the percentage of flights arriving within 15 minutes of scheduled arrival.

DELAYS

Figure 18: Air Transport Delays and Punctuality

Table 5: Departure and Arrival Delays (AEA)
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4.3 Departure Delays

4.3.1 Figure 19 shows the breakdown of
departure delay causes for air transport
(left pie-chart) and a further breakdown
of ATFM delay causes (right pie-chart).
Departure delay causes can be divided
into primary delay causes (61%) and
reactionary delays (39%). ATFM delays
represented 38% of the primary delay
causes.

4.3.2 Using new IATA delay codes28, airline and
ATFM29 were the main primary delay
causes in 2000. ATFM delays were mostly
due to lack of ATC capacity (68%).

4.3.3 In 2000, reactionary delays30 remained the dominant departure delay cause (39%). Some
organisations have conducted interesting studies on reactionary delays (i.e. COMUTA [ref 15],
Milan Airport and Swissair [Messkonzept]). These studies show that long delays tend to
accumulate throughout the day for a given aircraft31, whereas short delays can generally be
absorbed at turn-around. 

4.3.4 The best way to reduce reactionary delays is to avoid long primary delays. These factors should
be taken into account in actions taken as a follow up to the independent ATFM study, which was
launched following a PRC recommendation.

4.3.5 Delays are often the result of complex interactions between airports, airlines and ATM. Better
control of these interactions is needed, which can be achieved, in particular by better
Collaborative Decision Making (CDM) processes. (See also section 7.5) 

4.4 ATFM Delays

4.4.1 The remainder of this chapter deals with ATFM delays. These are classified into en-route delays
(section 4.5) and airport delays (section 4.6) depending on whether delays arose from lack of
airport or en-route sector capacity. Since ATFM delays occur mostly in the summer period,
when ECAC traffic is highest32, and since airport ATFM delays are not completely under the
control of ANSPs, there is now general agreement to use the average en-route ATFM delay for
the summer period (May to October inclusive) as the key performance indicator (KPI) for ATFM
delays at ECAC level.

4.4.2 As shown in Figure 20, en-route ATFM
delays are dominant and reached a peak
in 1999, due, in particular, to the Kosovo
crisis33. Airport ATFM delays are fairly
constant and significant (23%). Targets
set for summer 1998 and 2000 for the
total ATFM delay were not met.

28 Changes in delay codes make comparison with previous years uncertain.
29 Controlled aircraft are held on the ground at their departure airport whenever the traffic throughput is forecast to exceed the declared

ATC capacity anywhere along their flight path. ATFM delay is defined as the duration between the CFMU assigned take-off time (ATFM
slot) and the last requested take off time.

30 Reactionary delays are due to late arrival of aircraft or crew from previous journeys. 
31 Unless reserve aircraft are used to maintain schedule integrity, which is very expensive.
32  In some European regions (e.g. Nordic States) summer traffic is relatively low.
33 The continued closure of Kosovo airspace remains a cause of delays.

Figure 19: Air Transport Departure Delays Causes

Figure 20: ATFM Delays, Actual and Targets 
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4.4.3 Table 6 shows main
ATFM delays statistics for
the years 1997-200034.
1999 saw high traffic
increases (see chapter
2) and exceptional
events (Kosovo crisis).
From 1998 to 2000,
traffic volume increased
by 14% and en-route
delays by 13%.

4.5 En-route ATFM Delays

4.5.1 Figure 21 shows a definite increase in ECAC effective capacity from 1998 to 2000. This is in
itself an achievement given that there was no measurable effective capacity increase between
1997 and 1998 [ref 16]. Effective measures have been taken but more needs to be done as
ATM capacity growth now struggles to match traffic growth.

4.5.2 Figure 21 shows the exponential
nature of ATFM delays in the
European ATM system, whereby
small variations of traffic
generate very high variations of
delays36.

4.5.3 ATFM en-route delay features
and causes remained broadly
similar during the last three
years, which indicates that the
underlying causes for ATFM en-
route delays have not yet been
resolved:

1. Lower effective capacity
during weekends;

2. Concentration of delays in summer due to higher traffic; 
3. Learning effect (Higher effective capacity in the latter part of the summer); 
4. Concentration of delays in the arc London – Zurich - Marseille;
5. Concentration of delays in the upper airspace (need for a Single European Sky);
6. Persistence of staffing issues (collapsed ATC sectors, …);
7. ATFM rigidities and misuses.

4.5.4 Figure 21 shows a lower effective capacity37 of the ATM network during week-ends. A study by
EUROCONTROL Brétigny [ref 17] showed that weekend delays are mostly due to different traffic
patterns. Some sectors are overloaded, while there is spare capacity in others. In addition, the
study found that at weekends:

1. Military activity is very low;
2. There is much more late filing of flight plans (this is probably due to the different type of

traffic), which generates more delays;
3. Some ATFM regulations are applied for an unnecessarily long period;
4. The sector opening scheme does not appear to be optimum in some ACCs38.

34 Reliable ATFM delay statistics have been available since the CFMU became fully operational (March 1996).
35 Base 100 corresponds to year 1997 for all indices in this report.
36 Delay/traffic elasticity is estimated around 6, i.e. 1% more traffic generates about 6% more delay.
37 Ability to handle a given level of traffic with a given level of delay.
38 The last two findings could apply during weekdays as well.

Figure 21: Traffic and En-route ATFM Delays (1998, 2000)

Table 6: Key Performance Indicators (ATM Delays)

Year Traffic ATFM Delays (excluding related reactionary delays)
Data source : CFMU (ATFM), CRCO (km)

Average Summer
ATFM delay per flight

(min/flight)

Traffic
volume

(km)
index35

%
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delays
> 15
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En-
route Total Total

Target

En-
route
ATFM
delays
(min)

Total
ATFM
delays
(min)

Total
ATFM
delay
index

1997 100 7% 2.9 3.7 - 15.5 m 20.9 m 100
1998 107 9% 4.1 5.0 3.5 21.6 m 27.4 m 131
1999 116 12% 5.5 6.3 - 36.3 m 43.3 m 207
2000 122 9% 3.6 4.5 3.5 24.4 m 31.8 m 152
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39  The traffic baseline is January 1997.
40 Area North is composed of Munich, Karlsruhe, Maastricht, and Reims ACCs.
41 Area South is composed of Marseille, Milan, Geneva, and Zurich ACCs.
42 Source: AP/ACG/11/12.

4.5.5 Seasonal traffic variations
induce considerable sea-
sonal delay variations39,
as illustrated in Figure
22.

4.5.6 Specific solutions should
be sought to improve
weekend delays, e.g.
adapting the ATM confi-
guration (sector/route
airspace design) to
weekend traffic (see
paragraph 4.9.11).

4.5.7 Traffic from April to June
generates more delays
than during September-
October when the traffic
is typically higher (see
Figure 23). There is a
learning curve before
new airspace designs
(e.g. new ATC sectors)
generate additional ca-
pacity. Extensive prior
training at ATC facilities
using real time simu-
lations could reduce this
lag. To the maximum
extent possible, implementation of new procedures and systems should be done earlier during
the winter period, when traffic is lowest.

4.5.8 Two thirds of ATFM delays originate from the European core area, specifically London, Area
North40 and Area South41 shown in Figure 24. This is a dense and highly complex area, with
many national boundaries, intense military activity and major airports (London, Paris,
Frankfurt, Amsterdam, Brussels, Zurich, Milan, Lyon, Nice, Geneva). 

4.5.9 While numerous improvements have already been implemented (ARN V3, etc), the combination
of present capacity shortfall and forecast traffic growth makes capacity requirements very
challenging in some ACCs (e.g. + 67% in Padua by 2006). 

4.5.10 Although individual ANSPs are doing their utmost to increase capacity, their actions may
counteract each other (e.g. concerns expressed by DFS neighbours about EAM 04
implementation). Individual plans will need to be part of a coherent master plan (e.g. Geneva
+57%, Reims +55%, Maastricht +53%, Karlsruhe +53%, Zurich +40% by 2006)42. 

4.5.11 As attention is increasingly being focussed on the delay performance of ANSPs, there may be
a tendency on the part of ANSPs to offload capacity shortfalls onto other ANSPs. The necessary
co-operative behaviour to achieve an efficient European ATM network should be encouraged by
using suitable incentives and/or obligations. In that connection, it is recalled that in PRR 2, the
PRC proposed that the Provisional Council "invite the EUROCONTROL Commission to establish
a task force, involving the European Community and the PRC, to design terms of reference for
an Airspace Policy Commission (APC) which has the objective of making best use of European
airspace and ATM resources, with an establishment date of 30/6/2000 for the APC" [ref 18]. 

Figure 23: Monthly Distribution of Traffic, En-route ATFM Delays
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Figure 22: Seasonal Traffic and ATFM Delay Variations
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43 At its 10th Session (April 2001), the Provisional Council "supported the need for setting up strong capacity planning actions aimed at
ensuring that full capacity benefits will be obtained after the implementation of RVSM".

44 Source: CFMU Yearly ATFM Summary Report Year 2000.

4.5.12 Most ATFM delays (72%) originate in the upper
sectors or sectors extending from lower to upper
levels. The concentration of delays in the upper
airspace remains in spite of recent capacity and
route improvements. This indicates the need for a
more robust framework for airspace issues (Single
European Sky).

4.5.13 Reduced Vertical Separation Minimum (RVSM), due to be implemented on 24 January 2002, in
Europe, is expected to deliver capacity increases in the upper airspace (where most ATFM
delays originate) of a similar magnitude to the present capacity shortfall (see section 4.10). It
is important that the full RVSM capacity potential is achieved as soon as possible43. In
particular, the corresponding route network ARN V4 should be developed and implemented
without delay. Individual and collective plans should be developed by ANSPs and the
EUROCONTROL Agency showing how and when potential RVSM benefits will materialise. Actual
performance should be base-lined before implementation and monitored thereafter.

4.5.14 Although the number of ATCOs increased in 2000,
28% of ATFM delays in that year were attributable to
collapsed sectors44 (see Figure 26). Sectors generally
need to be collapsed due to insufficient staffing, or
inefficient use of staff, under prevailing employment
conditions. This would tend to indicate persistent
staff management issues.

Figure 25: Vertical distribution of 
en-route ATFM Delays

Figure 24: En-route ATFM Delays by Area (Summer 2000)

Figure 26: En-route ATFM Delay
Distribution per Type of ATC Sector 
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45 "The scope of the schedule discussions was broadened to cover the adjustments needed to reduce anticipated delays to an acceptable
level." [c.f. IATA Web site http://www.iata.org/sked (General information on Scheduling services)].

46 An over-delivery occurs when the actual number of aircraft that enters the sector during a particular period exceeds the regulated
capacity. An over-delivery does not necessarily result in an overload. An overload occurs when an ATCO reports that he/she has had to
handle more traffic than he/she considers to be safe.

47 CFMU environmental database, airline flight planning databases, Flight Management Systems etc.

4.6 Airport ATFM Delays

4.6.1 23% of ATFM
delays were ge-
nerated by regu-
lations restricting
flows at airports
(see Figure 20).
Table 7 shows
causes of ATFM
delays at the top
seven airports
(generating 59%
of airport ATFM
delays). Only
"ATC capacity"
causes are ATM-
related and some are due to network effects. Furthermore, some delay causes are not properly
indicated (e.g. delays produced in Amsterdam due to noise budget restrictions). Some
refinements in the assignment of delay causes are needed.

4.6.2 The simultaneous application of strategic measures (airport scheduling, see section 7.2) and
tactical flow control measures at fully co-ordinated airports is not in contradiction45. But, non-
adherence to airport slots or to ATFM slots at major airports generates inappropriate delays
(see Table 8). These problems should be addressed by the ATFM action plan (see paragraph
4.7.1).

4.6.3 The PRC therefore considers that ATM performance at European airports can only be assessed
taking all parameters into account: accepted level of delay, airport ATFM delays, taxi and
airborne delays, interactions with schedules etc. The PRC intends to explore these issues
further in co-operation with airport co-ordinators, EUROCONTROL, airspace users and
regulatory authorities.

4.7 ATFM Performance

4.7.1 The PRC is continuously monitoring European ATFM performance. According to the ATFM
independent study [ref 19] which was launched following a recommendation in PRR 2 [ref 20],
improvements in European ATFM processes could potentially save 30% of ATFM delays. The
Director General of EUROCONTROL has prepared an ATFM action plan, which will be examined
and commented on by the PRC.

4.7.2 There are two key factors when examining ATFM performance: cases where capacity is
exceeded (over-deliveries46) or wasted (unused slots).

4.7.3 There appear to be significant over-deliveries, the real extent of which is under study. Capacity
buffers are maintained in order to prevent overloads. Over-deliveries are due to non-adherence
to ATFM slots, non-adherence to ICAO flight planning rules, inconsistencies in AIS data, Flight
Data Processing Systems47 at EUROCONTROL level and at national level, and to changes in the
flight profile during the airborne phase (route, flight level, speed). 

4.7.4 Non-adherence to ATFM slots has improved slightly, but is still too high (see Figure 27).

Table 7: Top Seven Airport ATFM Delays

Airport

(Data source : CFMU)

Total
airport
ATFM
delays

Airport
ATFM
delays

Ground
operation

ATC
capacity

Weather All
other

causes

% ‘000 min % % % %
Frankfurt 14.7% 1093 49% 10% 26% 15%
Athens 10.2% 761 11% 84% 1% 5%
Amsterdam 9.4% 703 25% 3% 72% 0%
London Heathrow 6.6% 493 3% 14% 68% 15%
Paris-CDG 6.5% 487 6% 2% 78% 14%
Zurich 5.9% 442 6% 41% 51% 1%
Milan-MXP 5.4% 402 57% 7% 24% 12%
Total 58.8% 4380 25% 24% 42% 9%
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4.7.5 More specifically, non-adherence tends to concentrate
at certain airports and involve specific airlines. Most
frequent non-adherence reports for airports and
airlines are listed in Table 8. The situation has improved
in Madrid since 1998.

4.7.6 Rules governing ATFM slots, including non-compliance
procedures, should be included in the "General
conditions for the operation of the common European
ATFM system"48. 

4.7.7 The PRC proposes a non-compliance escalation
process: (i) Non-compliance reports submitted by the
CFMU to non-compliant parties, (ii) Review of
unresolved cases and publication, (iii) Legal
enforcement actions by the airspace regulatory
authorities.

4.8 Erratum – PRR 3

4.8.1 In PRR 3 under the heading "Misuse of CFMU systems", Tyrolean Airways (TYR) and Luxair
(LGL) were quoted as principal offenders through their use of "ghost flights" (paragraph
8.3.11, page 27). Subsequently, the CFMU has advised that there was a software error, which
resulted in the CFMU data relating to "ghost flights" performed by TYR and LGL being incorrect.
TYR and LGL should be removed from the table of principal offenders for ghost flights.

4.9 Summer 2000 Improvements

4.9.1 Section 4.5.1 indicates definite improvements in 2000. This section identifies some key success
factors in increasing capacity. 

4.9.2 Focussing short term action on bottlenecks led to improvements in 2000. Only five49 of the 20
most critical 1998 bottlenecks identified in PRR 1 remained at the end of 2000 (see Annex 2).
In addition, congestion is more diffuse as shown in Figure 28. Approximately 170 locations50

in 2000 as against 115 locations in 1998 caused 90% of ATFM en-route delays.

48 Article 7.2 (d) of the EUROCONTROL revised Convention.
49 FFM sector, whose solution is foreseen in the next phase of ARNV3 implementation. The Clacton West Suite, but its level of delays is

kept under control. The Swiss sectors ex-INS, KINES, and Zurich upper sectors, which are still severe choke-points. 
50 A location could be either an ATC sector or a navigational fix, which is subject to ATFM restriction.

Figure 27: Non-adherence to ATFM Slots and to ICAO Flight Planning Rules

Table 8: Top Airports and Airlines in
ATFM Slot Non-compliance Reports
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Non-compliance with
ATFM slots

Airports
Milano Malpensa 46%
Milano Linate 40%
Roma Fiumicino 40%
Paris CDG 35%
Madrid Barajas 33%

Airlines
Alitalia 35%
AOM 31%
Iberia 30%
Spanair 28%
Air Europa 28%
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4.9.3 Figure 29 shows average en-route ATFM delay generated by the top 30 ACCs in 1998 and 2000.
(See also Annex 7).

4.9.4 Most improvements involved the number and use of operational staff. In 2000, ten sectors were
added to reduce bottlenecks and eleven are planned to be added in 2001. In most cases,
adequate staffing is a pre-condition for any capacity increase. 

4.9.5 The new route network (ARN V3) had a positive influence, although not quantified.

4.9.6 Enhanced operational flexibility (e.g. adaptable ACC configuration) and more dynamic allocation
of resources allowed substantial improvements (e.g. new rostering in Milan to cope with
unexpected traffic flow changes in summer 1999).

4.9.7 In 1999, the west part51 of Marseille ACC generated 1.2 million minutes of ATFM delays. The
transfer of blocks of airspace from Marseille to Bordeaux in January 2000 has had a useful
impact in reducing delays52 in the sectors concerned. Many elements contributed to this
success: the ability to correctly estimate the expected performance impact during the planning
phase53, the correct choice to introduce the implementation in January54, careful staff planning
and training, optimised airspace design (ARN V3), flexible technical systems, use of spare
capacity. Similar actions were implemented in Italy and Germany55.

4.9.8 This example shows that one ANSP can decide on the optimisation of its airspace. However,
such a powerful method only applies to a limited extent across ANSPs at the moment (airspace
delegation). The delegation of Air Traffic Services to neighbouring ANSPs when capacity benefits
are expected should be actively pursued.

Figure 28: ATFM Delay Distribution per Location in Summer (1998, 2000)
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51 ATC sectors named W, M, F, T and any possible combination.
52 The delay reduction is from 1999 to 2000 and it refers to a group of ATC sectors not to the whole ACC.
53 Plans for the transfer were presented to the CHIEF meeting in November 1999 together with the expected benefits. 
54 When the traffic is low and early enough to accommodate the learning curve (see 4.5.7).
55 The transfer of some airspace from Milan to Rome and from Karlsruhe to Berlin.
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4.9.9 In 1999, the CFMU, together with interested ANSPs56, identified major ATFM delays affecting
the UK/Balearic axis during week-ends. A teleconference with interested parties was organised
every Wednesday during summer 2000, in order to better manage capacity and delays. When
it was not possible to remove constraints, at least users were aware well in advance and could
plan how to absorb forecast delay. This is an effective application of CDM in Europe and it
should be extended.

4.9.10 Monthly meetings of Directors of Operation in the most critical areas organised by the
EUROCONTROL Agency have proven to be an efficient way to collectively identify and resolve
issues in the short term.

4.9.11 Some Flight Data Processing Systems (e.g. Austria) allow the adaptation of the ACC sector
configurations to variation in traffic flows57 (e.g. week and weekend, see section 4.5.6).

4.10 Historic Capacity Increase

4.10.1 Delays result from the imbalance between traffic and capacity. 

4.10.2 There are many definitions of capacity. The PRC defines
"Effective capacity" as the traffic volume (km) which the ATM
system can handle with a given level of en-route ATFM delay58.

4.10.3 Figure 30 shows traffic volume59 and
effective capacity indices for the
EUROCONTROL area in the last ten
years. Both traffic and effective
capacity have increased by about 80%
from 1990 to 2000 (6% per year on
average), thereby showing that such a
capacity increase has been feasible
over a long period.

4.10.4 As shown in Figure 21, small traffic
increases translate into high delay
increases where capacity remains
constant. Conversely, any capacity
increase in excess of traffic increase
translates into high delay decrease. Advantage should clearly be taken of this powerful
leverage. However, the question remains whether this is feasible safely and what are the
corresponding costs and benefits. This is addressed in the following sections.

4.11 En-route AFTM Delay Costs

4.11.1 A study [ref 21] conducted by the Institut du Transport Aérien (ITA) for the PRC estimates the
cost of each minute of
delay for the airline
industry to be in the
range of €40-66 for
primary delay, and €28
for reactionary delay60.
Assuming that each
minute of primary delay
is responsible for 0.5
minute of reactionary

56 AENA (Spain), DNA (France), NATS (United Kingdom), Swisscontrol (Switzerland).
57 The target date for this operational improvement is 2008 as established in the implementation plans of the EUROCONTROL airspace

strategy. However it appears that some ANSPs are already equipped with systems which could support this operational improvement.
58 The effective capacity indicator was computed using a reference value for ECAC en-route ATFM delay of 1 minute, and a traffic/delay

elasticity of 6.
59 The traffic volume index is the cumulative variation in traffic volume in the EUROCONTROL area from year to year, with base 100 in

1990. This allows the measurement of traffic variation in an organisation of varying size, disregarding effects due to new entrants.
60 As far as the crew and aircraft are concerned, time is lost only once with the primary delay, which explains why the cost of reactionary

delay is less.

Figure 30: Traffic Volume and Effective Capacity
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Airspace users:
En-route ATFM delays 24 million 40-66 960 - 1 584
Reactionary delays 12 million 28 336

Total airspace users’ costs 36 million 1 296 - 1 920

Passenger costs 36 million 46-60 1 656 - 2 160
Total en-route ATFM delay costs 2 952 - 4 080
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delay, total costs of enroute ATFM delays for the European airline industry can be estimated to
be in the range of €1.3 to €1.9 billion, to which the cost of airport ATFM delays must be
added61. The opportunity value of time lost by delayed passengers is estimated by the ITA
Study to be of the same order of magnitude (€1.6 to €2.1 billion). Therefore, the cost of ATFM
delays to society is of the same order of magnitude as charges for ATM services (€4.4 billion).
This indicates the severity of the problem.

4.12 Optimum En-route ATFM Delay

4.12.1 PRR 1 [ref 22] examined trade-offs
between ATM Key Performance Areas, in
particular delays and costs. Figure 31
shows that capacity has a cost, but
insufficient capacity, which in turn
generates delays, has an even larger
cost. Both capacity and delay costs are
borne by airspace users. Total costs follow
a U-shaped curve, with a minimum which
corresponds to the economic optimum.
One of the objectives of the ATM 2000+
Strategy is to decrease the sum of direct
and indirect ATM costs (service provision,
delays, flight efficiency, equippage).

4.12.2 Table 10 shows total
ATM-related cost sa-
vings for airspace
users for the year
2000 under three
hypothetical delay
scenarios with refe-
rence to the actual
year 2000: Scenario A
corresponds to the
current target of 2.8
minutes average en-
route ATFM delay per
flight. Scenarios B and
C correspond to tar-
gets of 1 and 0.5 minute respectively.

4.12.3 The cost of capacity has been closely
correlated with effective capacity
over the last ten years, confirming
the assumption of a linear
relationship between capacity and
costs (see Figure 32).

4.12.4 There is little doubt that the
economic optimum corresponds to a
much lower en-route ATFM delay
than currently experienced.
Furthermore, ATFM slots and the
non-respect of airport slots disrupt
airport operations and thus prevent
the optimum use of airport capacity,
a scarce resource for air transport. In addition, any reduction in primary delays translates
directly into a reduction in reactionary delays, the major delay component at the moment.

61 This section considers only en-route ATFM delays, as section 4.12 addresses optimum en-route delays.
62 The lower bound of additional capacity costs has been computed using the assumption of a linear relationship between effective capacity

and costs, taking into account capacity shortfalls at individual centres. The upper bound is capacity shortfall at ECAC level.
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Figure 31: Capacity and Delay Costs
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Scenario B
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Scenario C
Average summer en-route ATFM
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 3.6  2.8  1.0  0.5

  Million Euro
 Additional Capacity Costs62   40 to170  300 to 800  460 to 1 400
Airspace users’ delay cost
savings

  320  1 050  1 260

 Net savings for airspace users   150 to 280  250 to 750  -140 to 800

Passengers' delay cost savings   380  1 250  1 470
 Net savings for the airspace
users and passengers

  530 to 660  1 500 to 2 000  1 330 to 2 270
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63 At its 10th Session (April 2001), the Provisional Council "endorsed an overall ATM network target to reduce progressively to a cost-
optimum average ATFM delay of one minute per flight by the Summer 2006, as a basis for the co-operative planning and provision of
capacity".

4.12.5 The PRC considers that the optimum average en-route ATFM delay for the ECAC area in the
summer period is approximately 1 minute per flight. This translates into an average ACC target
of 0.3 minutes summer en-route ATFM delay per flight (3.1 ACC movements per flight on
average). These figures have been shown to be robust against sensitivity analysis. 

4.12.6 This result is consistent with EUROCONTROL Experimental Centre findings and conclusions of
the ATM/CNS consultancy group (ACG 11)63. The real question however is not what is the
optimum ECAC ATFM delay, but whether it can be reached safely and how quickly.

4.12.7 Figure 30 shows that effective capacity has been lagging about three years behind traffic
volume. If the 2000 capacity had been available in 1997, summer ATFM delays would have
been below 1 minute in 1997. The target therefore appears to be reachable safely. The issue
is that ANSPs should deliver the required capacity on time. It would be interesting to
understand how it was possible to increase effective capacity at a faster rate in the period
1990-1993. 

4.12.8 While there is limited scope for
manoeuvre in the coming
months, there is more room for
action by ANSPs and the
EUROCONTROL Agency in the
medium term (airspace design
taking full advantage of RVSM,
flow management, Flexible Use
of Airspace, investments,
recruitment, etc.). Figure 33
shows that it will take resolute
action to reach the target in
2006 under the baseline traffic
growth scenario. The present
slowing down of traffic growth is
no reason for complacency,
rather an opportunity to reach
the target more quickly. 

4.12.9 The PRC considers that the optimum average en-route ATFM delay for the ECAC area
in the summer period is approximately 1 minute per flight. The PRC recommends that
this target be reached as rapidly as possible in a cost-effective way consistent with
safety objectives.

4.12.10 Several initiatives could lead in the right direction: (1) the delegation of Air Traffic Services to
neighbouring ANSPs where capacity benefits are expected should be actively pursued; (2) a
formal commitment or incentives to adhere to the capacity/performance plans should be
introduced; (3) individual and collective plans should be developed by ANSPs and the
EUROCONTROL Agency showing how and when potential RVSM benefits will materialise. Actual
performance should be base-lined before implementation and monitored thereafter; (4) ATC
provision should be managed in a more flexible way so as to allocate resources in a timely
manner and avoid resource wastage. In addition, specific solutions should be sought to reduce
weekend delays.

4.13 Five-year Capacity Plans

4.13.1 Capacity management processes launched by the EUROCONTROL Agency and by the European
ANSPs have started to deliver significant results. Medium-term capacity plans are continuously
evaluated against the traffic forecast and actual capacity shortfall. The iterative process is able
to identify whether the plans are adequate to cope with the demand. Where they are judged
insufficient, the interested ANSP can launch new initiatives.

Figure 33: Projection of Traffic and Capacity
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4.13.2 EUROCONTROL has published Local Convergence and Implementation Plans (LCIPs) for all
Member States, in which detailed plans are given and linked with expected capacity increases.
However, LCIPs do not indicate corresponding financial and human resources. Capacity targets
are non-binding, only indicative. Moreover, several ANSPs are planning for a capacity shortfall,
which does not satisfy requirements. 

4.13.3 In November 1999, the Provisional Council agreed "that States would require their ANSPs to
publish 5-year capacity improvement plans annually, developed in consultation with airspace
users; and that States would also require their ANSPs to be committed to delivering agreed
capacity enhancement measures. In this regard, States shall account to the Provisional
Council." The PRC is working with ANSPs to specify the corresponding information disclosure
requirements.

4.13.4 Some ANSPs have started publishing five-year capacity plans. There are clear advantages in
preparing these plans:

1. The ANSP strategy is clearly communicated to all ATM actors;
2. The quality of the traffic forecast is improved, when it is prepared by the ANSP in

consultation with airspace users and airports;
3. The public declaration of targets (either in terms of capacity or delay forecast) represents

an undertaking for the ANSP;
4. Consultation with the users is a validation exercise, which provides essential feedback

about the ability of the plan to cope with user needs;
5. Consultation with the ANSP staff makes the capacity plan solid and realistic.

4.13.5 There is still progress to be made in this process. The five year capacity plans should
progressively evolve into performance plans, including safety case, capacity and cost
projections. The PRC would like to encourage all ANSPs to produce and adhere to
capacity/performance plans. It is envisaged that such plans will be independently reviewed by
the PRC in the context of information disclosure.

4.13.6 The capacity planning process is also supported by ANSPs’ regional groups (e.g. CHIEF,
5-States area, etc.). Where the national ANSP is unable to meet the required level of capacity64,
regional solutions should be found.

4.14 Conclusions

4.14.1 The delay reporting system should actively promote a positive behaviour of concerned parties
(e.g. re-routings accepted by users and ANSPs) and a transparency culture (delay causes such
as weather, over-scheduling, technical failures accurately identified and communicated). 

4.14.2 Better control of interactions between airports, airlines and ATM is needed, which can be
achieved, in particular, by better CDM processes.

4.14.3 The PRC considers that the optimum average en-route ATFM delay for the ECAC area in the
summer period is approximately 1 minute per flight. The PRC recommends that this target be
reached as rapidly as possible in a cost-effective way, consistent with safety objectives.

64 Switzerland clearly states its difficulties in the Local CIP document.
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5.1 Introduction

5.1.1 This chapter addresses the third Key Performance Area, namely Cost-effectiveness. It is limited
to route charges, based on the information provided to the EUROCONTROL Central Route
Charges Office (CRCO) by States/ANSPs. It excludes charges for Terminal Air Navigation
Services (about € 1 billion) for which no consistent European-wide source of information exists
yet. 

5.1.2 The rules used to allocate costs between en-route and terminal ANS vary across Member
States. The impact of those differences is unclear. It is however the objective of the PRC to
extend the analysis to a gate-to-gate perspective.

5.1.3 The PRC intends to assess the cost-effectiveness of ANSPs. However, information presently
available from the EUROCONTROL Route Charges System is on a State basis, which is
insufficient to account for delegated airspace and for costs of cross-border ANSPs such as
Maastricht UAC. The cost-effectiveness section of this report is therefore State-oriented and
includes, where relevant, Maastricht UAC costs. For the purpose of this chapter, the costs of
Maastricht UAC are allocated to Belgium-Luxembourg, Netherlands and Germany.

5.2 Evolution of En-route Costs

5.2.1 This section reviews
the en-route costs in
1999, and forecast
for 2000 and 2001
(see Table 11).

5.2.2 Figure 34 shows the
evolution of the average
unit costs per km. After
five years of continuous
decrease, unit costs
stabilised in 1999.
Projections made for 2001
show a slight upward
variation. This pattern is
consistent with the cyclical
behaviour of the ATM
system observed over the
last 15 years. Invest-
ments made in periods of
increasing delays take
some years to produce
benefits and to materialise
in the cost base. This
might be a signal that
planning and better management of ATM resources need to be put in place now to ensure a
balanced approach between costs and capacity provision.

65 Evolution computed for the 24 States participating in the Route Charges System in 1997.
66 Evolution computed for the 28 States participating in the Route Charges System in 1999.
67 EUROSTAT MUIC: Monetary Union Index of Consumer Price (January index for year 2001).
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Table 11: Evolution of En-route Costs
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1997 1999 2000 2001 99/9765 01/9966

Contracting States 24 28 28 29 24 28
Total en-route costs (million Euro) 3 572 4 187 4 433 4 832 +12% +15%
            National costs 3 243 3 830 4 036 4 407 +13% +15%
           EUROCONTROL Maastricht 69 78 85 93 +13% +19%
           EUROCONTROL Agency 260 279 311 332 +6% +19%
Kilometres (million) 4 923 5 982 6 310 6 660 +16% +11%
Unit cost (Euro/km) 0.73 0.70 0.70 0.73 -3% +4%
Price index67 1.016 1.038 1.063 1.073 +2.2% +3.4%
Unit cost (Euro 99/km) 0.74 0.70 0.69 0.70 -5% +0%
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5.3 Unit Costs per State

5.3.1 Unit costs are obtained by dividing the en-route costs (including EUROCONTROL costs), as
declared by the States to the CRCO, by the number of kilometres computed by the CRCO. This
is considered as a better measure of ATM performance than the unit rate used for charging
purposes. First, the value for a given year is not affected by over or under recovery in the
previous year. Second, the measure is not influenced by the aircraft weight.

5.3.2 Figure 35 shows the 1998 and 1999 unit costs for each State and the projected 2001 unit costs,
based on the information declared by the States for the establishment of the 2001 unit rate
(red lines).

Evolution from 1998 to 1999
5.3.3 The situation in the Balkans had a severe impact on the 1999 unit costs of many States.

FYROM, Croatia and Slovenia were amongst the States with the highest unit costs in 1999,
mainly due to the reduction in traffic. It should be noted that, in order to alleviate the impact
of this situation on users, FYROM and Croatia decided not to recover the full 1999 costs. 

5.3.4 Conversely the Slovak Republic, Romania and to a smaller extent Italy and the Czech Republic
experienced additional traffic which contributed to reducing the unit costs, despite an increase
in their 1999 cost base.

5.3.5 Although Austria’s costs decreased between 1998 and 1999, its unit costs slightly increased
due to an 8% reduction in traffic. 

5.3.6 There were significant increases in the unit costs for Greece (+69%) and Turkey (+22%). 

5.3.7 Unit costs of the United Kingdom decreased by 9%, however if we exclude FYROM and Croatia
for which the 1999 situation was exceptional, the United Kingdom remains the State with the
highest unit costs.

Projections for 2001
5.3.8 Projections for 2001 (red lines in Figure 35) show a contrasting picture. Unit costs are expected

to decrease for FYROM, Slovenia and Croatia, for which the 1999 situation was exceptional.
Substantial decreases in the unit costs are also expected for Austria, Bulgaria and Cyprus. In
particular, Austria’s unit costs are expected to further decrease in real terms in 2001 (-12%
compared to 1999).

5.3.9 Significant increases in the unit costs are however observed for many other States. This is, in
particular, the case for the Slovak Republic. The planned 2001 costs would increase by 41%
compared to 1998 thus making the Slovak Republic the second most expensive State after the
United Kingdom.
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5.3.10 There is a worrying tendency for States which are below the EUROCONTROL average to
increase their costs (see also Table 12). This is particularly the case for the Czech Republic,
Hungary, Portugal, Spain (both Continental and Canarias), Romania, Sweden and Malta.

5.3.11 Staff costs appear as the main driver for cost increases in some States as observed in Table
12. In fourteen States, staff costs have increased by more than 30% over three years. Overall,
the magnitude of this increase does not seem to be justified by an increase in ATCO numbers
or in traffic.

5.3.12 The EUROCONTROL Member States are Contracting States to the Multilateral Agreement
relating to Route Charges and have agreed to adopt a common policy in respect of the
calculation of their national cost base and of their unit rate. This common policy is laid out in
a set of principles [ref 23] that include, inter alia, accounting principles, the specification of the
information to be disclosed, and the consultation process.

5.3.13 National unit rates are approved by EUROCONTROL States on the basis of national
recommendations, which means that unit rates are primarily the responsibility of each national
authority.

5.3.14 Given that en-route services are provided by statutory monopolies where airspace users have
little economic option except to use those services, it is in the collective interest of the Member
States to ensure that appropriate mechanisms are in place in order to support effective
consultation and secure the confidence of all stakeholders in the system.

5.3.15 Recent achievements in the context of the Financial Information for Users (FIFU) Task Force
resulted in complementary guidance to States for the application of the Principles and on infor-
mation required for maintaining worthwhile and meaningful consultation with users [ref 24].

Table 12: Evolution of Costs, Staff, Traffic (1998-2001)

*Number of en-route controllers not disclosed in CRCO submissions

Values expressed in 
Million Euro 1998 Traffic
States 1998 2001 % 1998 2001 % 1998 2001 %  Increase %
Croatia 7.5 26.5 254% 3.3 17.4 433% 65 na * 178%
Greece 54.4 97.2 79% 37.5 71.7 92% 335 442 32% 28%
Slovak Rep. 17.6 24.7 41% 6.9 11.2 62% 64 65 2% 31%
Czech Rep. 23.6 32.3 37% 7.3 11.0 50% 61 71 16% 42%
Hungary 31.7 43.3 37% 13.9 17.3 24% 100 95 -5% 7%
Portugal 61.3 81.6 33% 45.2 58.5 29% 76 78 3% 24%
Spain 238.7 316.4 33% 130.4 201.0 54% 663 na * 27%
Switzerland 75.6 99.3 31% 44.4 63.2 43% 205 234 14% 17%
Romania 71.0 92.7 31% 25.0 41.7 67% 334 na * 22%
Canarias 51.3 66.4 29% 26.7 36.5 37% 87 na * 17%
Sweden 92.7 118.4 28% 55.3 70.6 28% 400 447 12% 13%
Germany 441.0 560.4 27% 272.4 338.7 24% 992 1263 27% 19%
Italy 339.0 428.4 26% 144.3 208.8 45% 880 910 3% * 28%
Malta 7.3 9.0 23% 4.4 5.0 13% 28 31 11% 7%
Turkey 137.6 168.8 23% 38.1 52.4 38% 228 na * 9%
Belgium-Lux. 74.1 90.5 22% 50.4 65.4 30% 189 213 13% * 20%
Netherlands 67.0 77.8 16% 32.4 41.1 27% 73 76 4% * 23%
Cyprus 18.7 21.7 16% 7.6 8.7 14% 43 55 28% 31%
Ireland 45.6 52.9 16% 20.3 26.6 31% 209 246 18% 22%
Denmark 52.2 59.9 15% 29.6 34.6 17% 112 112 0% 15%
United Kingdom 637.9 726.4 14% 241.1 321.5 33% 755 na * 20%
Bulgaria 65.8 72.4 10% 32.7 32.9 1% 408 408 0% 19%
Slovenia 8.4 9.2 10% 3.3 5.1 57% 62 69 11% 47%
Norway 53.6 58.5 9% 27.9 34.3 23% 122 133 9% 14%
France 696.7 758.0 9% 400.5 437.0 9% 1100 na * 22%
Austria 120.9 116.6 -4% 81.8 75.7 -7% 101 125 24% 12%
Total 3491 4209 21% 1783 2288 28% 7692      21%

En-route            
ControllersNational Cost Staff Cost



COST-EFFECTIVENESS

31

It also recognises the role of the CRCO in ensuring that the Principles are followed. The CRCO’s
role in this respect is however limited since it does not have the right of initiative. The decision
to launch a "FIFU procedure" can only be taken as a result of a request made by another State
or by an airspace user organisation.

5.3.16 The PRC’s information disclosure policy, including the publication of business plans, is aimed at
making comprehensive information available to airspace users and assisting performance
review. This should be given priority in the light of the PRC’s concerns with respect to the cost-
effectiveness of the European ATM system.

5.3.17 This could be supplemented by giving EUROCONTROL the authority to enquire whether the
EUROCONTROL Principles for the establishment of route charges cost-bases and the unit rates
are being adhered to.

5.4 Gross Margin

5.4.1 The gross margin (or operating profit) measures
the difference between total revenue and total
operating expenses, i.e. staff costs and operating
costs according to submissions made by the
participating States to the Route Charges
System. Under the full cost recovery mechanism,
the gross margin is fully consumed by two main
categories of costs: depreciation and interest.
Interest is a combination of actual interest paid
and a fair return on own assets.

5.4.2 Compared to 1998, the gross margin has slightly decreased from 22.0% to 21.3% (for
EUROCONTROL as a whole). There remains, however, a very wide variation across States (see
Figure 37).

5.4.3 In 1999 interest-related costs accounted for € 253 million and represented 6.6% of the national
cost bases (7.2% in 1998).

5.4.4 FYROM had the highest percentage of interest-related costs (21.6%). It should be noted
however that FYROM has been severely affected by the Kosovo crisis, and that the FYROM
government decided that interest and depreciation costs for 1999 would be borne by the State
budget and not recovered from the airspace users.

5.4.5 Second on the list is Turkey. In 1999, interest-related costs charged by Turkey (€29.2 million)
increased by 18.5% and represented some 17.6% of the Turkish cost base. 
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Figure 36: Cost Breakdown by Type (1999)

Figure 37: Interest and Depreciation (1999 Data)
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5.4.6 As a whole, total depreciation costs accounted for € 567 million and represented 14.7% of the
total national cost bases (14.9% in 1998). The Member States with the highest proportion of
depreciation costs are the Czech Republic (33.6%), Turkey (27.5%) and the Slovak Republic
(24.1%). These high proportions of depreciation costs are often related to large investments
that were made in the past.

5.5 Analysis of Over/Under-recovery

5.5.1 Figure 38 compares the actual 1999 costs and service units (a combination of km and aircraft
weight) with the estimates made in November 1998 for the establishment of the unit rates.

5.5.2 As can be seen in Figure 38, the Kosovo crisis had a significant impact on 1999 actual service
units in many States. A decrease in service units caused under-recoveries in FYROM, Slovenia
and Austria. Conversely, the Slovak Republic, the Czech Republic, Romania and Italy benefited
from additional service units and therefore had over-recoveries.

5.5.3 The adjustment mechanism provides that any under/over-recovery recorded in 1999 is
deducted from the cost base for establishing the 2001 unit rate. It should be noted, however,
that the extra revenue is not returned in totality to the airspace users. Analysis from Figure 38
shows that where revenues exceed the forecast, actual costs tend also to be higher than what
was previously planned. Part of this cost increase is probably due to extra costs incurred to
handle the additional traffic. There may be also a tendency for ANSPs to smooth the impact of
the adjustment mechanism on the unit rate.

5.5.4 In some States, over-recovery may be subject to corporate tax. This is the case in the Czech
Republic where Czech law does not allow provision for over-recovery. In 1999, ANS of the Czech
Republic recorded an exceptionally large over-recovery due to the Kosovo crisis (see Figure 38)
and had to pay € 6.4 m (CZK 237.5 m) in corporate tax to the Czech government, which
represented a significant increase in the Czech Republic’s cost base.

5.6 European benchmarking

5.6.1 The PRC’s third Performance Review Report (PRR 3, 1999) started to benchmark ANSP costs in
the EUROCONTROL Member States. The robustness of the associated econometric model is
confirmed in a report of the EUROCONTROL Experimental Centre [ref 25] which presents
updated results using publicly available 1999 data. The model has been calibrated on a sample

Figure 38: Actual v. forecast service units and costs (1999)
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of ANSPs with total costs higher or close to € 100 million and/or at least 100 million km flown.
ANSPs with less traffic have been excluded from the sample, as the model does not
appropriately capture their costs68.

5.6.2 The results suggest that ANSPs’ total costs can be traced reliably to the following cost-
drivers69: 

" The number of kilometres flown;
" The average traffic density per ANSP;
" The mean route length flown by an aircraft within the ANSP;
" The percentage of overflight traffic in the country; and,
" The time (as the estimation relies on 5 years’ observations). 

5.6.3 From an economic viewpoint the following features of ANSP costs can be inferred from the
report:

" Diseconomies of traffic density: a traffic increase of 10% leads to a cost increase of 13%;
" Economies of size: an increase of 10% in the average route length results in a reduction

of costs of 2%; and,
" All else being equal, a 10% increase in the percentage of overflights would decrease total

costs by some 2%.

5.6.4 Figure 39 shows actual and estimated costs. The difference between actual costs and costs
estimated using the model is a measure of the relative cost-effectiveness. A positive difference
indicates that the cost of providing the services is higher than the EUROCONTROL average. As
the variables included in the model take some account of traffic complexity, this enables fairer
comparisons to be made.

5.6.5 Figure 39 also indicates the efficiency frontier for European ANSPs. This frontier focusses on
the performance achieved by the "best performers" in the class rather than by the average. In
other words, the efficiency frontier describes what could be economically feasible in terms of
cost-effectiveness, all else being equal.

68 The model has been calibrated on 18 States/ANSPs over the 1995-1999 period. For those States/ANSPs that were not part of the
EUROCONTROL Organisation throughout the 1995-1999 period, only partial data were available. As a consequence, the sample data
consists of 76 observations.

69 The adjusted coefficient of determination (R2) shows that the explanatory variables selected in the model explain 96% of total costs.

Figure 39: ANSP Cost Benchmarking (1995-1999)
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Ln C = α0+ α1 ln K+ α2 ln D+ α3 ln L+ α4 ln O+ α5 T 

Explanatory variables Coefficient t-stat
(Constant) α0 -2.98 -4.5
kilometre (K) α1 1.09 20.0
density (D) α2 0.22 3.2
average route length (L) α3 -0.22 -2.8
percentage overflight (O) α4 -0.21 -3.1
time (T) α5 -0.05 -2.9

Austria + 43% + 57%
Turkey + 15% + 41%
Portugal + 19% + 17%
United Kingdom + 16% + 13%
Romania n/a + 12%
Switzerland 0% + 7%
Denmark  -  7% + 4%
Belgium-Lux. + 4% + 1%
Italy + 5%  -  1%
Greece n/a  -  4%
Czech Rep.  -  3%  -  5%
France 0%  -  5%
Sweden  -  14%  -  7%
Germany  -  16%  -  8%
Spain  -  16%  -  16%
Cyprus  -  12%  -  18%
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5.6.6 It should be emphasised that other factors not included in the model may influence costs.
Firstly, differences exist in the economic environment in which ANSPs operate: exchange rate
fluctuations and cost of living are factors that can have a significant influence on costs.
Secondly, differences exist in the allocation of costs between en-route and terminal ANS:
apparently high en-route costs may in some cases simply indicate that the share of total ANS
costs passed to en-route is above the average. Finally, the quality of services is not captured
in the model.

5.6.7 The apparently poorer performance of Austro Control is mostly linked to the reduction in traffic
due to the Kosovo crisis in 1999. It conceals efforts made by Austro Control to curb its costs,
and significant improvements are expected in the coming years.

5.6.8 Turkey has moved to the second rank in the list of least cost-effective ANSPs, in part due to the
stagnation of traffic in Turkey and to a 20% increase in costs.

5.6.9 Greece has been added to the model this year as its performance in terms of delays and costs
now better matches other ANSPs. Greece’s costs have increased by 85% between 1998 and
1999, but this was offset by a major reduction in delays, as noted in PRR 3 (par 7.4.1). Greece’s
en-route costs for 1999 were slightly below the EUROCONTROL average predicted by the
model.

5.7 Conclusions

5.7.1 An increase in the overall en-route unit cost is expected for 2001.

5.7.2 There is insufficient formal justification of en-route and terminal cost bases outside individual
States and no effective mechanisms by which cost bases can be questioned. EUROCONTROL
should be given an enhanced role to investigate compliance with the EUROCONTROL Principles
for the establishment of route charges cost-bases and the unit rates.

5.7.3 The PRC’s recommended economic information disclosure will make comprehensive information
available to all stakeholders and will assist performance review.

5.7.4 Cost-effectiveness of the European ATM system should be actively promoted and effective
economic regulation introduced to match the increasing corporatisation and commercialisation
of ANSPs (see Annex 9).
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6.1 Introduction

6.1.1 A growing number of political and institutional initiatives have been taken to address the
environmental sustainability of air transport development. However, any significant advances
tend to be offset by the continuous increase in traffic. Moreover, increasing pressure is being
put on aviation to reduce its environmental impact. Thus, unless further improvements are
made, environmental issues could become one of the most limiting factors of aviation growth.
Environment is one of the PRC’s key performance areas and, therefore, the PRC will keep the
influence of ATM on the environment under review.

6.2 Institutional aspects

6.2.1 At present, environmental frameworks are set at different political70 and working levels. A
summary of ongoing work follows, illustrating the growing importance of environmental aspects
for aviation.

1. The ICAO Committee on Aviation Environmental Protection (CAEP) highlights that benefits
can accrue from the use of advanced CNS/ATM systems [ref 26]. CAEP also studies71

policy options to limit or reduce the greenhouse gases, based on the Kyoto Protocol and
the findings of the Intergovernmental Panel for Climate Change (IPCC) Special Report [ref
27]. Three areas are investigated: technology improvements, operational aspects
(including CNS/ATM) and market-based options (including taxes and charges).

2. According to a 1999 European Commission Communication [ref 28], the environmental
impact of air transport is increasing despite technology and efficiency improvements. The
enhancement of ATM efficiency is identified as one important mitigating option to reduce
aircraft emissions.

3. The EUROCONTROL revised Convention [ref 29] emphasises the Agency’s commitment to
minimising adverse environmental impact and an "Environmental Strategy and Policy" is
being developed.

4. The ATM 2000+ Strategy [ref 30] fully integrates environmental objectives. The Strategy
considers that ATM-related environmental implications are an essential part of the ATM
decision-making process and, wherever possible, the most environmentally friendly
solutions should be adopted.

5. Finally, at MATSE/6 [ref 31] the ECAC Ministers of Transport "reaffirmed [their]
commitment to develop air traffic services so as to maintain safe, cost-effective and
environmentally sustainable air transport […]".

6.3 ATM contribution

6.3.1 ATM can help to minimise the environmental impact of civil aviation gaseous emissions and
noise72. The latter mainly affects airports and is addressed in Chapter 7. Areas where ATM can
play a role include: optimisation of engine start-up times, ground movements, flight profiles. 

6.3.2 The overall major generation of pollutants
occurs in two phases of flight: cruise and
climb (see Figure 40). However, each
phase of flight gives rise to pollution due to
different proportions of harmful
components generated. For example,
some of the most ozone-destructive
components are generated at or near
ground level. This proves that each phase
is important in its own right and
improvements are possible everywhere
along the flight path.

ENVIRONMENT

70 Under the Kyoto Protocol, developed nations have committed to a 5% reduction in greenhouse gases while EU committed to 8%
reduction by 2008 – 2012 compared to the 1990 levels.

71 Task arising from ICAO Resolution A 32-8.
72 Other environmental issues related to aviation, such as contrails, fluid spills (fuel, de-icing fluids etc.) have less or no connection with

ATM and therefore are outside the scope of this report.
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Figure 40: Fuel Burn for Different Phases of Flight
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6.3.3 On average, 57% of the fuel burnt in 2000 was during cruise and another significant share
(36%) was burnt during climb. An analysis of a number of typical flight profiles showed that in
most cases aircraft are able to climb straight to their cruising levels. It is fair, therefore, to
believe that some improvements can be expected from the cruising phase of the flight, where
inefficiencies are known to still exist.

6.3.4 The aforementioned IPCC Special Report [ref 27] suggests that improvements in CNS/ATM
systems should reduce worldwide fuel-burn and associated emissions by an estimated 6-12%
for a given traffic demand.

6.3.5 Figure 41 shows the evolution towards the use
of aircraft that have not only quieter, but also
more efficient, engines. Based on these data,
the contribution of fleet improvement to the
overall fuel burn and emission reductions is
considered to be about 2% per year, while
most of the rest are due to ATM improvements.

6.3.6 EUROCONTROL and FAA are involved in ICAO-
CAEP WG/4 "Emissions and Operational
Issues" work. A study developing a common
methodology and tool to quantify
environmental benefits (fuel burn & emissions)
arising from improvements of CNS/ATM
systems shows that by 2015 there should be an annual benefit of around 5% fuel and CO2
emissions reduction for both continental US and Europe73.

6.4 Conclusions

6.4.1 Aviation emissions are forecast to grow, even taking into account expected efficiency gains.
Airlines, pursuing their business objectives, have strong incentives to economise on fuel
consumption (and hence emissions). These incentives will be sharpened as the result of policy
changes to address global emission concerns. Airports are concerned about noise and other
local impacts, as such impacts will affect airport operations and development. 

6.4.2 Provided that ANSPs are responsive to requests from airlines and airports for measures and
opportunities to minimise adverse impacts, this should ensure that the system overall follows
best practice development from an environmental perspective.

6.4.3 The PRC intends to extend this subject in future reports, in accordance with the concept of
sustainable aviation.

73 These benefits are on top of other technological improvements.
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7.1 Introduction

7.1.1 While airports and their operation have major social and/or political implications, the PRC’s role
is limited to reviewing those ATM operations74 considered to be air-side75 activities. Non-ATM
land-side issues76, although part of the air transport activities of an airport, are not analysed.
Only the interface with ATM is examined.

7.2 Airport Capacity: Managing Critical Limitations 

7.2.1 Demand at major European airports is constrained by the number of available airport slots
which are managed by scheduling committees. The ATFM delay generated at such airports is,
in general, much less than en-route delay, since the schedule co-ordination process ensures
that demand does not exceed airport capacity and that delays are kept at a sustainable level. 

7.2.2 For these reasons, the PRC considers that airport ATFM delays are not a good measure to
assess airport capacity since, in principle, ATFM delays at co-ordinated airports are mainly
caused by uncontrollable circumstances such as weather (see also Table 7).

7.2.3 Some airports have significant capacity constraints, with different limitations dictating the
capacity available for scheduling. The co-ordination process was created to deal with airport
congestion. Airports are expected to become a major constraint to aviation growth in the
medium/long term due, in particular, to physical and environmental limitations.

7.2.4 Using information from airports and in co-ordination with the CFMU and IATA, the
EUROCONTROL Airports Operations Unit (AOU) has compiled a list of 30 capacity-constrained
airports in ECAC (see Annex 7) of which:

" 22 are Runway/Taxiway System constrained;
" 22 are Terminal/Gates/Apron constrained;
" 19 are Environment constrained;
" 14 are ATC capacity (TMA/CTR/ATZ) constrained.

7.3 Capacity Management and Delays

7.3.1 Chapter 4 has already discussed airspace capacity and delays. While airspace capacity
limitations are being addressed by a number of programmes which are expected to deliver
significant increases, the concrete surfaces at airports are limited. Physical expansion requires
major investment, long lead-times and significant effort that may take decades. Available
capacity should, therefore, be used to the optimum. 

7.3.2 Capacity enhancing measures have been defined within the Airport/Air Traffic System Interface
(APATSI) work and, although recommended to be implemented, they have yet to be uniformly
adopted or applied by all ECAC States. This has limited the potential for low-cost capacity gains.

7.3.3 An initial constraint on traffic is the co-ordination process, which caps demand at a number of
airports. This process should not be used to mask other constraints, such as TMA and CTR
capacity. Effort should be focussed on maximising all resources at and around airports even if
the containment of delays using the co-ordination process might appear to be the easiest
option.

7.3.4 Before implementing major changes or breaking new ground, significant research (tests, simu-
lations etc.) are needed. The EUROCONTROL Agency is well-placed to steer a pan-European
activity aimed at improving airport utilisation.

7.3.5 Development of an airport/ATM strategy should be expedited. This will require considerable
resources because problems at airports can be as complex or even more complex than those

AIRPORTS

74 ATC (Tower, Ground, CNS, procedures), tarmac (Runway, Taxiway, procedures), apron & gates (surface movement, gate management),
interfaces (to land-side and to TMA, capacity mismatches), MET, AIS.

75 As per the ATM Strategy for the Years 2000+ definition (vol. 1, pg. 8)
76 Passenger and baggage handling, aircraft maintenance, refuelling, crew, etc.
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for en-route. However, only a small amount of Agency resources is devoted to airport projects
at the moment (~€ 3.5m in 2001). The EUROCONTROL Agency should consider balancing its
resources towards airport issues.

7.4 Environmental Aspects

7.4.1 The main environmental problems are noise and local air quality at and around individual
airports. Some European airports are heavily affected by environmental constraints and are
unable to operate at full capacity even when demand is high. While many of the problems have
technological solutions, ATM could also contribute to reducing noise and emissions, for
instance, through reducing taxi times and distances. Such measures reduce congestion and
pollution at airports, reduce fuel burn and costs to airlines.

7.4.2 There are also pressures from local communities to introduce local traffic restrictions,
depending on the characteristics of each airport, in order to protect their interests. Due to the
complexity of the relationships between airports and their communities, it may not be practical
to develop a detailed policy to be applied to all airports.

7.4.3 The European Commission is moving towards minimising the environmental impact of aviation.
A policy [ref 32] for noise reduction has been in place since 1996. The European Commission
has endorsed ICAO regulations and is working to develop more stringent noise standards,
ideally through amendment of ICAO Annex 16.

7.4.4 A number of European
airports are under increasing
pressure to minimise their
environmental impact and
have taken local measures. A
typical case is Amsterdam
Airport Schiphol. Currently, it
has a noise contour in
combination with a "noise
budget year" that ends on 31
October. The current noise
contour is established by
assessing the runway use
based on statistical weather
data, expected time and
number of aircraft move-
ments, calculated nominal
noise contribution per aircraft
type and Standard Instru-
mental Departures (SIDs).

7.4.5 The peaks visible in Figure 42 are due to environmental restrictions on both departures and
arrivals during the month of September, that have at times been amplified by adverse weather.
In order to keep airport operations within the noise budget, successive measures have reduced
the total runway capacity by up to 70%, and resulted in a substantial increase in delay. Airport
operational restrictions related to local environmental issues such as noise can have a
substantial impact on airport capacity, which can in turn affect airspace capacity.

7.4.6 ATM can reduce the noise impact through improved procedures such as Continuous Descent
Approaches (CDA), illustrated in Figure 43. The European Commission recommends [ref 33] to
focus research and development on critical technologies (e.g. reducing emissions from air
transport, research on advanced on-board systems and equipment contributing to improve the
ATM system).

Figure 42: Evolution of Delay at Amsterdam Airport Schiphol
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7.4.7 CDA undoubtedly reduces environ-
mental impact [ref 34] however, there
are concerns about its implications for
capacity. To remedy this, automated
tools77 can be developed to assist
ATCOs in maximising the use of
existing resources (i.e. runways and
airspace) in a consistent way.
Departure and Arrival Management
Systems based on a real-time demand
and resource availability can be used
to minimise deviations from the opti-
mum flight profiles. The traffic streams
optimised for CDA from cruise level
help to reduce ATCOs workload, to
maximise the use of available capacity
and to maintain safety.

7.5 Collaborative Decision-Making Processes

7.5.1 The use of CDM processes is a key issue in being able to handle airport operations in a
seamless way. Since the involved parties have a very wide spread of expertise and interests,
dialogue and co-operation are paramount. Most of the technology for such interactive work is
already available. Also, there are local developments as well as EUROCONTROL involvement in
the Air Collaborative Decision Making Demonstrator (A-CDM-D) project together with a number
of airlines and airports and support from the European Commission.

7.5.2 At this stage, CDM is more an issue of changing attitudes and willingness to co-operate than a
technological one. All parties agree on the usefulness of such a process, but there is a clear
need for a harmonised concept to be developed at European level, with the involvement of all
users.

7.5.3 The development of CDM in the US required significant effort to be expended on developing
functions that are fulfilled in Europe by the Initial Flight Process System (IFPS) and the CFMU
Tactical Computer System (TACT). Notwithstanding this, a different attitude and environment
has led to CDM being accepted and implemented in the US, and benefits have come quickly.
The real benefit of CDM in the US is the culture change in airlines to really participate and drive
the development of solutions. 

7.5.4 CDM applications have the potential to increase the capacity and efficiency of the ATM system
as a whole and that of airports in particular, therefore stakeholders should actively support the
development and application of CDM processes (e.g. information exchange agreements).

7.6 Conclusions

7.6.1 In addition to resolving the existing en-route capacity shortage, ATM policy should be driven to
maximise the use of scarce airport resources. The development and application of CDM
processes should get high priority.

7.6.2 Any environmental constraint should be reflected in the declared maximum airport capacity.

77 An example of such a tool is ARETA - ATM with RNAV in Extended Terminal Area. It is a EUROCONTROL cross-domain project (SUR,
AOP, ASM and ATC Domains) still under development. However, the ECAC-ANCAT has already recommended ARETA to be used for
its operational and environmental benefits.

Figure 43: CDA and Radar Vectored Approaches
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8.1 Introduction

8.1.1 Clearly, assessing the performance of the overall European ATM system is not easy if there is
no comparable system against which to benchmark. The US ATM system, operated by the
Federal Aviation Administration (FAA), is the closest in terms of geographic dimension and
traffic volume, which makes it a natural and relevant yardstick for the European ATM system.
The PRC is planning to co-operate with interested parties to extend this comparison.

8.1.2 On both sides of the Atlantic, the ATM system is under pressure to deliver safer, better and
more efficient ANS. Policy makers have launched a series of initiatives to promote greater
efficiency. By an executive order on 7 December 2000, the FAA ATS was transformed into a
semi-autonomous Air Traffic Organization (ATO) in order to enhance overall performance. Along
with this increased autonomy, the new ATO will establish strong incentives for managers to
achieve results [ref 35]. On the European side of the Atlantic, institutional initiatives have also
been taken: the ECAC Institutional Strategy was adopted and the EUROCONTROL revised
Convention was signed in 1997. The European Commission launched its Single Sky initiative.
A majority (85%) of European ANSPs are now corporatised (see Annex 9).

8.1.3 Both operational and economic comparisons are needed. The R&D FAA/EUROCONTROL
Committee has conducted a detailed operational comparison [ref 36]. In summary, ATC and
airport procedures and operations were found to be similar in both systems. Additional
operational elements can be found below.

8.1.4 On the economic side, the PRC has assembled key ATM parameters to compare the provision
of ANS from a gate-to-gate perspective, on both sides of the Atlantic. The PRC has conducted
the following analysis using official FAA data which enabled this comparison. The PRC gratefully
acknowledges the FAA’s contribution.

8.1.5 Data have been carefully compiled and checked and, to the best of our knowledge, characterise
the two ATM systems. However, should inaccuracies be detected, please inform the PRU.

8.1.6 Necessary caveats must be kept in mind with any comparative analysis which cannot be
exhaustive. Indeed, even though there are many similarities between the US and European
ATM systems, and even though benchmarking between them will become increasingly valuable,
a number of significant differences suggest the need for caution. For example, the most
congested parts of Europe occur in the central core area through which most of the traffic must
cross, whereas in the US the most congested area is mainly on the eastern seaboard (see
paragraph 8.2.5). In Europe, for historical and geographical reasons, military areas tend to be
scattered throughout the region, even in the congested areas, whereas in the US they tend to
be located near the boundaries of the continent (see Figure 45). Europe has a range of legacy
systems arising from different national origins, whereas in the US it has been easier to produce
economies of scale and to have fewer ACCs. In addition, it has been easier to configure the
routes and airspace to meet the operational needs within a contiguous area and within the
homogeneous system of the US than it has been amongst the States of Europe.

8.1.7 The PRC therefore offers this initial comparison between the US and European systems as a
spur to European institutions to improve efficiency and productivity in Europe. It is hoped that
it will prove to be the starting point for much more detailed future benchmarking exercises.

8.1.8 For the purposes of this analysis, all figures presented in this chapter relate to the European
and US domestic airspace and exclude oceanic services. In particular, all data relating to the
EUROCONTROL area correspond to the FIRs controlled by the twenty-eight EUROCONTROL
Member States in 1999, excluding Santa Maria FIR.

8.2 General Aspects

8.2.1 The US aviation market is the largest in the world, handling some 641 million passenger
departures in 1999, while for the EUROCONTROL Member States total passenger departures
amounted to some 450 million.

INITIAL COMPARISONS OF US/EUROPE
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8.2.2 Interestingly, about 70% of total passengers in the US departed from 31 major hub airports78,
while some 65% of total passengers for the EUROCONTROL area departed from 27 major
airports, an indication that traffic is concentrated around a similar number of airports, all else
being equal79. In terms of aircraft, there are some 7 635 and 11 010 jet and turbo prop aircraft
that are registered for commercial activities in Europe and in the US, respectively80. Assuming
that all passengers are transported by jet and turbo prop aircraft, this gives an average
utilisation of aircraft that is very similar on both sides of the Atlantic (some 60 000 passengers
per year).

8.2.3 General aviation is much more
developed in the US, with
about 3.5 times more flight
hours. Although not controlled
outside certain airspace
categories, VFR traffic has
interactions with controlled
(IFR) traffic, which have to be
borne in mind when comparing
the US and Europe.

8.2.4 An additional indication
that both ATM systems
display a certain num-
ber of structural simila-
rities can be found in
Table 14. The size of
en-route controlled air-
space is fairly similar on
both sides of the
Atlantic. 

8.2.5 Figure84 44 depicts
ACCs and core
(congested) airspace
characterised by high
density en-route traffic and the location of the busiest airports in Europe and the US [ref 36].
It should be recognised that, at this stage, the precise spatial definition of the core area is
somewhat ad-hoc. The two core airspaces that have been selected do not have areas of a
similar size, which limits straightforward comparisons.

78 FAA defines "major hub" as an airport that handles at least 1% of total passenger departures. For the sake of comparability, a similar
definition has been used for the European major airports.

79 Source: ACI 1999 data.
80 Source: FAA Fact book 2000 and EUROCONTROL study, `Fleet count for CBA purposes results of a pilot study’, Nov. 2000. Figures for

Europe correspond to the ECAC area.
81 Source: IAOPA 1995 survey, http://www.iaopa-eur.org/yinfo.htm
82 For the US, expressed as a percentage of total ACCs operations.
83 For the EUROCONTROL Area, there are in the core area 12 ACCs in the upper airspace and 5 ACCs in the lower airspace.
84 Note that Alaska ACC is missing in this figure.

Table 13: Civil Aviation Figures

Table 14: Structural Comparison

Figure 44: US and European ACCs with Associated Core Areas

EUROCONTROL
Area

US

Passenger departures (million) 450 m 641 m
Number of major hub airports 27 31
Registered jet aircraft 4 685 7 270
Registered turbo prop aircraft 2 950 3 740
General aviation flying hours81 6.9 m 25.5 m

EUROCONTROL
Area

US

Size of en-route controlled airspace 10 545 000 km2 9 820 000 km2

Source: FAA
Size of core area 1 485 000 km2 2 563 000 km2

Source: FAA
% of airspace in core area 14.1% 26%

Source: FAA

% of flights handled in core area82 ~ 71% 51%
Source: FAA

Number of en-route centres in core
area83

17 9
Source: FAA

Number of en-route sector working
positions in core area

213 372
Source: FAA
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8.2.6 Two important features should be highlighted. First, despite the fact that the size of the
European core area is smaller than in the US, the percentage of total traffic handled in the
European core area is significantly higher suggesting, all else being equal, a higher level of
airspace complexity. Second, the European core area is located in the centre of the continent
where traffic flows arise from all directions, while in the US dense and complex traffic flows
tend to be located in the eastern portion of the US continent. Further investigation is needed
to assess whether traffic flows and traffic density in the European core area make it a more
complex area than its US counterpart.

8.3 Organisational Aspects

8.3.1 Table 15 shows a major difference
between the European ATM
system and the US ATM system,
i.e. the number of en-route
centres. The political division of
Europe has resulted in the
fragmentation of the en-route
European ATM system into 26
sub-systems85 (EUROCONTROL
area) consisting of 58 ACCs,
almost three times the number
found in the US for a similar size
of controlled airspace. European ACCs boundaries reflect national boundaries rather than
traffic flows and operational requirements.

8.3.2 Table 16 shows the number of
traffic controlled towers (TWRs).
Because the US FAA figure for TWRs
does not include those military
airports where ATC services are
provided by the US Department of
Defence (DoD), the difference in the number of TWRs is likely to be negligible.

8.3.3 In the US ATM architecture, there are three types of ATC units providing the approach function:
Terminal Radar Approach Control (TRACONs), radar towers and some DoD radar approach
units. TRACONs sequence and separate aircraft as they approach and depart major
metropolitan areas88. TRACONs typically control air traffic within a 30 miles radius and less
than 15 000 feet altitude, exclusive of TWR airspace. There are less TRACONs than the number
of air traffic controlled towers because TRACONs handle more than one airport. For example,
the New York TRACON is responsible for the approach control of several airports in the New
York area among which three are particularly busy89: New York-JFK, La Guardia, and Newark.

8.3.4 In Europe, the ATM architecture to provide the approach function is more heterogeneous. At
many airports, the approach function is provided by a non-radar unit generally co-located or
integrated within the tower. In other cases, the approach function is provided by the ACC, or
shared between the ACC and another approach unit. Finally, there are also a  number of stand
alone radar approach units, which serve one or several airports (in a few cases). In Europe,
some close-by major airports have separate approach facilities, e.g. Paris-CDG (0.52 million
movements90) and Paris-Orly (0.24 million movements), Copenhagen (0.3 million movements)
and Malmö (0.05 million movements).

8.3.5 At this stage, the differences that can be outlined are as follows: first, the delegation of the
approach function to an ACC is more frequent in Europe, and second, there are few ATC units
in Europe that are comparable with a US TRACON. Those differences can impact on airport and
airspace capacity and overall cost-effectiveness and it would be interesting to further analyse
them.

Table 15: Organisational Comparison for En-route ANS

Table 16: Organisational Comparison for Terminal ANS

EUROCONTROL
Area

US

Air traffic controlled towers ~56086 46487

Source: FAA

85 Two EUROCONTROL Member States, Monaco and Luxembourg, have their ATM system integrated with other Member States.
86 The figure for the EUROCONTROL area includes military airports where ATS are provided by military ANSPs.
87 Note that among the 464 FAA count, 196 air traffic controlled towers are contracted out.
88 There are some 180 TRACONs facilities in 1999 (source: FAA).
89 Those three airports account for 1,16 million movements in 1999 (Source: 50 Busiest FAAAirport Traffic Control Towers, FAA Fact book).
90 Including movements at Paris Le Bourget airport.

EUROCONTROL
Area

US

Number of civil en-route
ANSPs

26 1

Number of en-route centres 58 21
Source: FAA

En-route sector working
positions

447 771
Source: FAA

Average number of sectors
per en-route centre

7.7 36.7

Average controlled airspace
by en-route centre (surface
coverage)

180 400 km2 468 000 km2
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8.4 Civil/Military Organisation

8.4.1 Various civil-military organisational models exist across the EUROCONTROL area. Broadly
speaking, there is a continuum of models ranging from full separation with one distinct provider
for civil traffic and another for military traffic, to full integration into one single provider for both
civil and military traffic. Within those diverse organisational models, the EUROCONTROL
Member States have endorsed the Flexible Use of Airspace (FUA) concept which states that the
airspace should not be designated as either civil or military, but instead that it should be
considered as one continuum and used flexibly by different users. Practical experience shows
that there are many ways to apply FUA in Europe and that the level of implementation of FUA
is not uniform across the EUROCONTROL Area [ref 37].

8.4.2 In the US, the civil-military arrangements are similar to the integration model that exists in
some European States91. The FAA provides ATC services to military traffic in controlled airspace.
Approach/tower ATC services to military traffic on military airfields are provided by the FAA or
the DoD. In a few mixed airports, the DoD provides ATC services to civil traffic.

8.4.3 Table 17 indicates that single
providers for both civil and
military en-route traffic operate in
only 5 Member States of the
EUROCONTROL Area, while for 21
Member States there are two
distinct providers92.

8.4.4 While both the US and Europe are organised to flexibly manage the airspace, real time
management is applied systematically in the US93 but to different degrees in Europe [ref 37].

8.4.5 The level of military activity has a
direct impact on the use of
airspace. The number of military
aircraft and helicopters appears to
be lower in the EUROCONTROL
Area than in the US94 (see Table
18). It is beyond the scope of this analysis to assess the implications of military activity.

91 The US model shares similarities with the German model, in the sense that ATS are integrated for en-route ATC. 
92 Since 2001, another EUROCONTROL Member State - Switzerland - has opted for the integration civil/military model.
93  The FAA, in co-operation with the DoD, has developed a computer information system, the Special Use Airspace Management System

(SAMS) to provide pilots, airlines and controllers with the latest status information, current and scheduled, on Special Use Airspace
(SUA). A corresponding system, the Military Airspace Management System (MAMS), interfaces with SAMS, allowing the military to
electronically transfer SUA information to the FAA. In other words, the FAA is fully involved in the planning and tracking of the military's
use of the National Airspace System.

94 Source: World military aircraft inventory, Aviation Week & Space Technology, January 2001.

Table 18: Military Aircraft Inventory

Table 17: Civil & Military En-route ANSPs (1999)

Figure 45: Military Airspace (Upper)

EUROCONTROL
Area

US

Number of integrated civil and
military en-route ANSPs

5 1

Number of military en-route ANSPs 21 0
Total en-route ANSPs (civil and
military)

47 1

EUROCONTROL
Area

US

Military aircraft and helicopters
(Air Force, Army & Navy)

~ 13 350 ~ 16 000
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8.4.6 The number of Temporary Segregated Airspace (or Special Use Airspace) and their locations
also have an impact on the ATM system. From Figure 45 above95 two observations can be
inferred. First, there are large numbers of military airspace areas in both the US and Europe.
However, in the US, the military areas tend to be located on the boundaries of the continent,
while for historical and geographical reasons, they tend to be scattered everywhere in Europe,
including in dense civil traffic areas.

8.5 Traffic Activity

8.5.1 Table 19 summarises the
main traffic activity.
Roughly speaking, the US
ATM system copes with
twice as much traffic, and
controls twice as many
kilometres and flight-
hours than its European
counterpart. Interes-
tingly, the kilometres per
flight are, on average,
very similar on both sides
of the Atlantic. Although prima facie this result seems counterintuitive, this might be due to the
extensive use of hub operations in the US which tends to significantly increase short-haul
flights.

8.6 Safety

8.6.1 Fortunately, aviation accidents
are rare. While the two aviation
systems are undoubtedly the
most complex and dense in the
world, both the general public and
aviation experts generally accept
that air transport in the US and in Europe is very safe. Table 20 indicates that the two systems
show similar figures for hull losses.

8.6.2 There is no evidence to show any discernible difference in the ATM safety performance between
the US and European systems.

8.6.3 In the US, ATM safety performance measurement benefits from the use of a single integrated
and transparent measurement system. Unfortunately, this contrasts with Europe where,
although advancing, harmonisation of safety occurrence reporting is still at an early stage (see
section 3.4) and, for many categories of occurrences, there is no reliable historical record to
compare with. This is regrettable because, without proper safety statistics, it is difficult to
monitor and assess European ATM safety issues and key risk areas. It also limits the scope for
identification of best practice.

8.6.4 Such a scope is also limited by the fact that definitions of safety occurrences and the maturity
of reporting certain categories of incidents differ. These differences can give completely
different perceptions when analysing data (See Annex 1). As long as safety definitions are not
harmonised, not only across one continent but also through ICAO, and applied world-wide, it
will be difficult to make meaningful safety comparisons.

95 US figure extracted from Aviation Capacity Enhancement Plan 1999, p.7.4, US DOT, FAA.
96 Note that around 9% of US IFR flights correspond to military flights, and that 21% correspond to General Aviation. [ref  38].
97 US figures have been converted from great circle nautical miles into km using a conversion rate of 1.852.
98 US figures include TRACON and terminal control. For comparability sake, the original CRCO figure for the EUROCONTROL area has

been accordingly adjusted, i.e. 40 km have been added to each IFR flight.
99 Accidents per million departures (1988-1997, 10 year average) for western-built transports (MTOW > 5.7 tonnes). The figure for

EUROCONTROL area applies to the JAA Member States (32) and the figure for US to North America [ref 39].

Table 19: Traffic Activity Comparison

Table 20: Hull Losses (1988-97)

EUROCONTROL
Area

US

IFR flights96 7 920 200 15 881 100
Source: FAA

IFR kilometres flown97, 98 6 298 830 000 12 265 264 000
Source: FAA

Flight hours controlled 10 250 000 22 125 500
Source: FAA

Average kilometres per flight 795 772
Average flight hours per flight 1.3 hour 1.4 hour

EUROCONTROL
Area

US

Hull losses per million
departures 1988-1997 99

0.6
Source: US DOT

0.5
Source: US DOT
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8.7 Delays

8.7.1 There are growing concerns over the performance of both ATM systems in terms of delays.
Indeed, both systems are struggling to cope with demand and, as a result, passengers suffer
high levels of delays, however, of a very different nature.

8.7.2 Table 21 compares punctuality
figures for the AEA reported
airports in Europe (see
paragraph 4.2.2) and for the
US top-25 airports for the
year100 2000. Figures for
departure punctuality are
identical. On average, in 2000,
26% of all departures in
Europe and in the US incur a
delay greater than 15 minutes.
Arrival punctuality was better
in the US (27% and 23% of all arrivals incur a delay greater than 15 minutes in Europe and in
the US, respectively). However, the average arrival delay per delayed flight was significantly
greater in the US (53 minutes versus 43 minutes in Europe).

8.7.3 The magnitude and causes for air transport delay are affected by a multitude of factors,
including ATC operations, airlines operations, airport operations, weather, and size of scheduled
buffers. Clearly, it is beyond the scope of this document to extensively address the magnitude
and the various causes/sources of departure and arrival delays for both air transport systems
given the lack of comparable figures.

8.7.4 While ATC operations have been found to be rather similar [ref 37], policies towards airport and
en-route capacity management are very different, as argued below. In addition, weather
conditions are substantially different: more Instrument Meteorological Conditions (IMC) in
Europe, more severe weather (thunderstorms) in the US. In fact, the primary cause of air
transport delays in the US appears to be weather-related.

Airport Capacity Management

8.7.5 Logically, airport-related delays should be less in Europe than in the US because demand is
capped at major European airports through slot co-ordination processes101 (see paragraph
7.2.1), which is generally not the case in the US. The adjustment variable at major US airports
is the amount of delay (taxi delay at departure, airborne delay at arrival) that airlines and their
passengers are willing to accept. The same occurs to a lesser extent in Europe, when setting
airport capacity caps, and implicitly, corresponding delays.

8.7.6 Moreover, the capacity at US airports is defined assuming Visual Meteorological Conditions
(VMC), while in Europe the airport capacity is often defined assuming either typical weather
conditions at the airport or IMC. As a consequence, delays rise dramatically in US airports when
IMC occur.

8.7.7 Being managed differently, airport
traffic / capacity imbalances and
associated delays are hardly
comparable.

100 Comparing 1999 delay data would not be informative given the Kosovo crisis in Europe.
101 Note that as the airports are also feeders of traffic flows into the ATM system, the same process of airport co-ordination serves as a

`strategic’, rather than tactical, ATFM regulation for the European ATM system.

Table 21: Average Punctuality at Major Airports (2000)

Table 22: Airport Capacity Management

EUROCONTROL
Area

US

Departure punctuality 74% 74%
Source: US BTS

Average departure delay per
delayed flight (>15 minutes)

39 minutes 44 minutes
Source: US BTS

Arrival punctuality 73% 77%
Source: US BTS

Average arrival delay per
delayed flight (>15 minutes)

43 minutes 53 minutes
Source: US BTS

EUROCONTROL
Area

US

Airport demand Capped
(all major airports)

Uncapped
(few exceptions)

Airport capacity Constant VMC & IMC Reduced in IMC
IMC Frequent Less frequent
Demand/capacity
management

Airport scheduling,
excess demand

controlled using ATFM

Imbalance results
in taxi and airborne

delays
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En-route Capacity Management

8.7.8 In both cases, demand for en-route services is not restricted. However, tactical management
of excess demand/insufficient capacity is different. Insufficient en-route capacity is a major
issue in Europe, in particular in upper airspace (72% of delays originated from upper sectors
or sectors extending from lower to upper levels), much less so in the US (7 choke points).
Excess demand is centrally managed using ground holding in Europe. A more decentralised
approach using cruising speed restrictions and airborne holding prevails in the US. There,
ground holding and re-routing are applied only in exceptional circumstances (e.g. severe
weather) under the supervision of the National Air Traffic Control System Command Centre.
Moreover, arrival sequencing takes place mostly during the cruising phase (Miles in Trail) in the
US rather than during the descent/approach phase as tends to happen in Europe.

Conclusions

8.7.9 The US manages delays differently than Europe. Because the capacity at US airports is defined
by VMC, weather affects runway acceptance rates and causes the bulk of US delays. In addition,
the US also has a significantly higher occurrence of convective weather and severe weather
than is found in Europe. In Europe there is insufficient en-route ATC capacity which materialises
in significant ground (ATFM) departure delays (see Chapter 4). It would be interesting to
understand the fundamental reasons for such a wide difference in the behaviour of both
systems, in particular the respective roles of policies for airport and en-route capacity
management, and of weather.

8.8 ANS Costs

8.8.1 In Europe, ANS costs are recovered through en-route and terminal charges paid by IFR airspace
users. This contrasts with the US where the government, through the collection of an excise
tax and normal budgetary process, funds all FAA activities. Recently, in conjunction with the US
Government approval for the FAA to collect an overflight fee/charge, the FAA has developed a
cost accounting system that allocates ANS costs at facility levels, and that enables the FAA to
determine the overflight fee. In 1999, the FAA determined the costs of its en-route facilities (21
ACCs), while the costs of its terminal facilities will be precisely known and available in 2002.
Nevertheless, a provisional estimate of the FAA terminal ANS costs has been made available to
the PRC.

8.8.2 Operational boundaries between en-route facilities and terminal facilities often differ across
EUROCONTROL States but, under the Multilateral Agreement relating to Route Charges, the
European ANSPs allocate costs between en-route facilities and terminal facilities following
common principles ensuring a large degree of comparability. As the operational boundaries
between en-route facilities and terminal facilities differ between the US and Europe, and no
common principles are used to allocate costs, a straightforward comparison of, say, en-route
costs between US and Europe is not appropriate. For example, the approach control function
performed in the US by the numerous TRACON facilities are not part of the en-route costs, while
in Europe this service would typically be recovered/charged through en-route costs.

8.8.3 From a gate-to-gate per-
spective, though, it is
perfectly valid and rele-
vant to compare total en-
route and terminal ANS
costs and total resources
necessary to perform a
given amount of ANS. The
main result of Table 23
indicates that total ANS
costs are fairly similar for
both systems.

Table 23: Costs Comparison

102 All US FAA figures correspond to fiscal year 1999. All US$ financial figures are expressed in €, using the official average exchange rate
published by the European Central Bank for 1999 ($/€ = 1,07).

103 Both EUROCONTROL and FAA terminal ANS cost figures are estimates.
104 Total en-route and terminal ANS costs do not include costs for providing Oceanic ANS.

EUROCONTROL
Area

US

En-route costs102 € 4 179m € 2 541m
Source: FAA

Terminal air navigation costs103 ~ € 1 100m ~ € 3 500m
Source: FAA

Total en-route and terminal
ANS costs104

~ € 5 279m ~ € 6 041m

% of en-route costs ~ 79% ~ 42%
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105 Figures include staff for EUROCONTROL Agency and FAA overhead staff allocated to ATS provision.
106 The European figure includes EUROCONTROL staff.
107 The US figure includes FAA headquarter staff allocated to ANS.

8.8.4 Table 23 indicates that there is a clear cost-effectiveness (performance) issue for the European
ATM system as total ANS costs should be put in perspective with traffic/activity of Table 19 (see
section 8.5).

8.8.5 The fact that the percen-
tage of en-route costs is
higher in Europe is merely
an indication of the diffe-
rent cost allocation rules on
both sides of the Atlantic
(i.e. this is not a perfor-
mance issue). It is
interesting to note that the
en-route cost structure is
fairly similar between the
two systems. In particular,
the share of staff-related costs is more than 50% which is an indication that ANS provision is
a labour intensive activity on both sides of the Atlantic (see Table 24).

8.8.6 The share of depreciation costs for the US is relatively smaller, but it is bound to increase in
the future with the implementation of the new accounting treatment of FAA’s acquisitions and
investments. Under the present circumstances, the FAA does not borrow money, nor account
for a capital charge (economic profit), which may explain the difference with Europe for the
"interest-related" costs.

8.8.7 Finally, en-route related MET costs are shown in Table 25. They represent some 7.5% of total
en-route costs in Europe, and only 1% of total en-route costs in the US. This wide difference
can be mainly explained by the
following factors. First, MET costs in
Europe tend to be mainly allocated
into en-route costs, rather than
terminal navigation costs as is the
case in the US. Second, the
fragmentation of the different MET
providers in Europe contributes to a multiplication of MET facilities and, all else being equal, to
higher MET costs. Note that, as with most European ANSPs, the US FAA does not provide MET
services: they are provided by the US National Weather Service under contract to FAA.

8.9 Staff Resources

8.9.1 As ANS is a labour-intensive activity and ATC capacity is highly influenced by the number of
ATCOs as well as by local labour and social laws, it is relevant to focus on staff resources. It is
important to recognise that productivity and efficiency is influenced by various factors, in
particular the amount and quality of physical capital and technology available (assets-facilities,
operating systems, machines, etc.) and the legal and social framework.

8.9.2 Table 26 suggests that
ATCOs represent
around 40% of total
staff under both
systems. It also shows
that both ATM systems
are operated with a
similar number of staff
resources105, and a
similar number of
ATCOs are dedicated

Table 24: En-route Costs Structure

Table 25: En-route Related MET Costs

Table 26: Staff Resources Comparisons

EUROCONTROL
Area

US

Staff related costs 54% 61%
Source: FAA

Operating costs 24% 31%
Source: FAA

Depreciation & amortisation 15% 8%
Source: FAA

Interest (including return on capital) 7% 0%
Source: FAA

Total en-route costs 100% 100%

EUROCONTROL
Area

US

En-route MET costs ~ € 313m € 22m
Source: FAA

% of total en-route costs ~ 7.5% 1%

EUROCONTROL
Area

US

Total ANS staff 106,107 ~ 42 000 ~ 40 000
Source: FAA

Total air traffic controllers ~ 16 500 17 639
Source: FAA

En-route controllers ~ 8 000 7 559
Source: FAA

Total air traffic controllers/total ANS staff 39% 44%
En-route controllers/total air traffic controllers 48% 43%
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to the provision of ANS. Clearly, these results indicate that, all else being equal, there is a
marked difference in productivity given that the US ATM system copes with twice as much
traffic as its European counterpart.

8.10 High-level Indicators

8.10.1 According to both indicators of cost-effectiveness shown
on Figure 46 (total ANS costs per flight and total ANS
costs per 1000 km flown), the European ATM system is
about half as cost-effective as its US counterpart.

8.10.2 In order to understand better the sources for this
difference, the indicator for cost-effectiveness,
expressed in €/km, can be broken down into three
different elements:

8.10.3 The first element indicates the cost per ATCO, the main
staff resource. The second element captures the
relationship between ATCOs and the number of sectors,
a relationship which is influenced by various factors. The
third element represents the productivity of a sector, i.e. the amount of IFR kilometres flown,
on average, within each sector.

8.10.4 From Table 27 and Figure 47,
it can be observed that:

" Both the total ANS costs
per ATCO and the IFR
km flown per sector
working position are
fairly similar on both
sides of the Atlantic;
and,

" The main driver for the
difference in overall
cost-effectiveness is the
relationship between
en-route ATCOs and the
number of sector
working positions.

8.10.5 Although further analysis is
needed to confirm this latter
result, there is a clear
performance issue here.
Potential factors that could
explain such a wide gap for
the second ratio of Table 27
are the following:

" Staff productivity. Clearly, the number and distribution of effective hours worked by
ATCOs during a year could affect this ratio. If this number is low, all else being equal, one
would need more ATCOs per sector.

Figure 46: US and European ANS
Cost-effectiveness

0

20

40

60

80

100

120

140

160

180

200

ANS costs per ATCO ATCOs per sector
working position

IFR km flown per
sector working position

EUROCONTROL Area FAA  (Index = 100)

Figure 47: Breakdown of Cost-effectiveness
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Table 27: Breakdown of Cost-effectiveness

E
u
ro

Breakdown of [Total ANS costs/km] EUROCONTROL
Area

US

Total ANS costs/total ATCOs € 320 000 € 342 500
En-route ATCOs/Sector working positions 17.9 9.8
IFR km flown/Sector working positions 14.1m 15.9m
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" Manning policy. The typical manning of a sector will also affect this ratio. The larger the
number of ATCOs per sector (at any given time), the larger the value of the ratio. It is
important to note that this ratio is also influenced by the technology available.

" Operational flexibility. The operational flexibility available to an ANSP to dynamically
optimise resources according to traffic demand will also affect this ratio. Little operational
flexibility often translates into low capacity utilisation ratio, and leads to poor cost-
effectiveness.

8.10.6 These are potentially
important implications for
ANS management, and
more detailed analysis
should shed additional light.
Further evidence docu-
menting these performance
gaps is found in Table 28.

8.11 Final Considerations

8.11.1 The above analysis has identified major performance differences, both in terms of cost-
effectiveness and efficiency-productivity. Clearly, more detailed analysis is needed to
understand the causes for these differences in performance. Potential causes for differences in
performance include:

1. Operational differences, such as traffic complexity. However, this factor can explain only
a portion of the economic performance difference.

2. From the organisational/institutional side, the fragmentation of the European ATM system
certainly contributes to reducing overall cost-effectiveness by the multiplication of fixed
costs and assets, and higher co-ordination and transaction costs. In addition, the
European fragmentation does not allow potential economies of scale to be exploited.
Organisational inefficiencies might also result from non-optimal airspace design and
civil/military arrangements in Europe. The relatively better performance in the US has so
far been achieved by a State-run organisation.

3. From the ANS management side, the observed difference in average productivity of key
staff is compelling and raises some questions about staff shortage in the European ATM
system. There appears to be at the same time a waste of capacity, with excess human
resources being employed in low traffic periods, and chronic capacity (and staff) shortage
in busy periods, resulting in very high ATFM delays in Europe. Employment conditions and
labour law affecting manpower are a management, not an individual controller’s
productivity issue. There are important differences in productivity within the European
ANSPs as documented in Chapter 5, and the relatively "poor" European average also
masks some noticeably good performers. As most European ANSPs free themselves from
direct governmental control but remain statutory monopolies, there is a need to more
effectively challenge their cost-effectiveness.

4. From the capacity-demand management side, ANS costs are mainly driven by the ATC
capacity provided, not so the capacity used by airspace users. All else being equal, greater
cost-effectiveness is achieved when the match between capacity provided and capacity
used is optimised at any given time in order to minimise capacity waste or capacity
shortage. This optimisation will greatly depend on the operational/managerial flexibility of
each ANSP, the performance of flow management at European level by the CFMU, and
policies for the management of airport and en-route capacity. Whether the integrated US
ATM system has a comparative advantage in this respect is unclear, and further
comparative research is needed to identify best practices.

Table 28: Productivity gaps

EUROCONTROL
Area

US

IFR flights/total air traffic controllers 480 900
IFR km flown/total air traffic controllers 381 750 695 350
Flight hours controlled/total controllers 621 1 254
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8.12 Conclusions

8.12.1 This chapter has characterised some of the key features of both the US and European ATM
systems from the traffic demand, structural, safety, delays, and economic points of view.

" There appear to be no significant differences in air transport safety and ATM safety
performance across both sides of the Atlantic;

" Structurally, both systems are rather similar, with similar airspace volume, traffic
concentration around major airports, and average route length;

" Traffic volumes are very different. IFR and VFR traffic in the US are respectively 2 times
and 3.5 times higher than in Europe;

" There are 47 civil and military en-route ANSPs in Europe as compared with one integrated
provider in the US;

" Organisationally, there are 58 ACCs in Europe and 21 ACCs in the US;
" From a punctuality/delay point of view, both the US and the European ATM systems are

struggling to cope with demand and, as a result, passengers suffer high levels of delays,
although of a very different nature;

" The total number of ATCOs and total staff are fairly similar across both sides of the
Atlantic;

" The European ATM system is about half as cost-effective as its US counterpart;
" The productivity of US ATCOs is about twice as large as its European counterpart;

8.12.2 The PRC considers that this initial comparison of US and European ATM systems raises
questions about the productivity of the European ATM system which warrant further study.
Understanding the root causes for the wide performance gaps requires further intensive co-
operative work with all concerned parties. European ANSPs should participate actively in the
benchmarking exercise being undertaken by the PRC, in co-operation with interested parties. 

8.12.3 More and better information than is currently available in Europe will be needed to conduct this
benchmarking exercise.
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ACAS Airborne Collision Avoidance System
ACC Area Control Centre
ACG ATM/CNS Consultancy Group
ACI Airports Council International
ADREP 2000 (ICAO) Accident Data Reporting
AEA Association of European Airlines
Agency The EUROCONTROL Agency
AIRAC Aeronautical Information Regulation And Control
AIS Aeronautical Information Services
ALA Approach and Landing Incidents
ANS Air Navigation Service
ANSP Air Navigation Services Provider
ANT EUROCONTROL Air Navigation Team
AO Aircraft Operator
AOPU EUROCONTROL Airport Operations Unit
APATSI Airport/Air Traffic System Interface
APP Airport Approach Unit
APW Area Proximity Warning
Area North Munich, Karlsruhe, Maastricht, Reims ACCs
Area South Marseille, Milan, Geneva, Zurich ACCs
ARETA Future ATM with RNAV in Extended Terminal Airspace
ARN ATS Route Network and associated Navaids
Arrival delay Difference between actual and scheduled arrival time
ASM Airspace Management
ATC Air Traffic Control
ATCO Air Traffic Control Officer
ATFM Air Traffic Flow Management
ATM Air Traffic Management
ATS Air Traffic Services
ATN Aeronautical Telecommunication Network
ATZ Aerodrome Traffic Zone

CAEP ICAO Committee on Aviation Environmental Protection
CAST Commercial Aviation Safety Team
CDM Collaborative Decision Making
CEATS Central European Air Traffic System
CFIT Controlled Flight Into Terrain
CFMU EUROCONTROL Central Flow Management Unit
CHIEF CH (Switzerland), I (Italy), E (Spain), F (France)
CIP EUROCONTROL Convergence and Implementation Programme
Clacton West Suite  A group of ATC sectors in London ACC
CMIC EUROCONTROL Civil-Military Interface Standing Committee
CNS Communications, Navigation and Surveillance
CO2 Carbon Dioxide

CODA EUROCONTROL Central Office for Delay Analysis
Collapsed sectors When two or more elementary ATC sectors are combined
Commission The governing body of EUROCONTROL, formerly the Permanent Commission
COMUTA Comité des Usagers du Transport Aérien (France)
CPDLC Controller-Pilot Data-link Communications
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CRCO EUROCONTROL Central Route Charges Office
CTR Controller or Control Zone

Departure delay Difference between actual and scheduled departure time
DFS Deutsche Flugsicherung GmbH

EAD European AIS database
EAG European ATFM Group
EAM 04 EUROCONTROL Airspace Model (4th simulation): total German airspace re-

design
EASA Proposed European Aviation Safety Agency
EATMP European Air Traffic Management Programme
EBAA European Business Aviation Association
EC European Commission
ECAC European Civil Aviation Conference (see reference 3)
EEC EUROCONTROL Experimental Centre, Brétigny
Effective capacity The PRC defines "Effective Capacity" as the traffic volume (km) which the ATM 

system can handle with a given level of ATFM en-route delay
ENPRM European Notice of Proposed Rule-Making
ERA European Regional Airline Association
ESARR EUROCONTROL Safety Regulatory Requirement
ETFMS Enhanced Tactical Flow Management System
EU European Union
EUROCONTROL The European Organisation for the Safety of Air Navigation. There are currently

30 Member States: Germany, Austria, Belgium, Bulgaria, Cyprus, Croatia,
Denmark, Spain, Finland, France, Greece, Hungary, Ireland, Italy, the former
Yugoslav Republic of Macedonia, Luxembourg, Malta, Moldova, Monaco, Norway,
Netherlands, Portugal, Slovak Republic, Czech Republic, Romania, United
Kingdom, Slovenia, Sweden, Switzerland, Turkey (situation at 1 January 2001)

FAA Federal Aviation Administration of the United States of America
FAP Future ATM Profile
FIFU Financial Information for Users
FIR Flight Information Region
FL Flight Level
FMP Flow Management Position
FUA Flexible Use of Airspace (concept)
FYROM The Former Yugoslav Republic of Macedonia

GAAP Generally Accepted Accounting Principles 
GAJSC General Aviation Joint Steering Committee
GPWS Ground Proximity Warning System
Gross margin The difference between Total revenue and Total Operating Expenses

HC Unburned Hydrocarbons
HEIDI Harmonisation of European Incident Definitions Initiative for ATM (SQS)
HLG European Commission’s High Level Group on a Single Sky for Europe
IACA International Air Carrier Association
IAOPA International Aircraft Owners and Pilots Association
IATA International Air Transport Association
ICAO International Civil Aviation Organization
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IFPS Initial Flight Plan System
IFR Instrument Flight Rules
IMC Instrumental Meteorological Conditions
Interested parties Government regulatory bodies, Air Navigation Service Providers, airport

authorities, airspace users, international civil aviation organisations,
EUROCONTROL Agency, representatives of airspace users, airports and staff
organisations and other agencies or international organisations which may
contribute to the work of the PRC

IPCC Intergovernmental Panel for Climate Change
ITA Institut du Transport Aérien
IUSOAP ICAO Universal Safety Oversight Audit Programme

JAA Joint Aviation Authorities
JSAT Runway Incursion Joint Safety Analysis Team
JSSI JAA’s Joint Safety Strategy Initiative

KPA Key Performance Area
KPI Key Performance Indicator

LCIP Local Convergence and Implementation Plans, published by EUROCONTROL
Lower airspace For the purposes of PRR 4 it is below Flight Level 245

m Million
MATSE ECAC Transport Ministers’ meeting on the Air Traffic System in Europe
MET Meteorology
MSAW Minimum Safe Altitude Warning

NATS National Air Traffic Services (UK)
NPRM EUROCONTROL Notice of Proposed Rule-making

OAT Operational Air Traffic (military)
OOOI Out (Departure Block time), Off (Take-off), On (Landing), In (Arrival Block time)
Over-delivery This occurs when the actual number of aircraft that entered the sector during a

particular period exceeds the regulated capacity. An over-delivery does not
necessarily result in an overload

Overload An overload occurs when an ATCO reports that he/she has had to handle more
traffic than he/she considers it was safe to do so

Organisation The EUROCONTROL Organisation, i.e. Member States and the Agency 

PETAL Preliminary EUROCONTROL Tests of Air/Ground data Link
PRC Performance Review Commission
PRR Performance Review Report
PRU Performance Review Unit
Primary Delay A delay other than reactionary

R&D Research and Development
Reactionary delay Delay caused by late arrival of aircraft or crew from previous journeys
Runway incursion European definition: Any unauthorised presence on a runway of aircraft, vehicle,
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person or object where an avoiding action was required to prevent a collision
with an aircraft. Source: ESARR 2
US definition: Any occurrence at an airport involving an aircraft, vehicle, person,
or object on the ground, that creates a collision hazard or results in a loss of
separation with an aircraft taking-off, intending to take off, landing or intending
to land. Source: US (FAA order 8020.11A)

RVSM Reduced Vertical Separation Minimum

Safety Net tools Assistance tools that provide a safety back-up in the event of system failure or
human error

SARPS ICAO Standards and Recommended Practices
Skyguide ANSP of Switzerland
SNET Safety Nets
SO2 Sulphur Dioxide
SRC Safety Regulation Commission
SRU Safety Regulation Unit
STATFOR Specialist Panel on Air Traffic Statistics and Forecasts
STCA Short Term Conflict Alert
Summer period May to October inclusive

TACT CFMU Tactical Computer System
TCAS Traffic Alert and Collision Avoidance System
TEN Trans European (transport) Networks
Terminal ANS Terminal Air Navigation Services
TMA Terminal Management Area
TRACON Terminal Radar Approach Control
Traffic volume index Cumulative variation of traffic volume from year to year, base 100 in 1990
TWR Traffic controlled tower

UAC Upper Area Control Centre
US The United States of America

VMC Visual Meteorological Conditions



About the Performance Review Commission

The Performance Review Commission (PRC) was established in 1998 to advise the
EUROCONTROL Member States1 on the development of a strong, transparent and
independent performance review and target-setting system. This system addresses all
aspects of air traffic management including policy and planning, safety management at and
around airports and in the airspace, as well as financial and economic aspects of services
rendered.

The PRC is composed of twelve independent Commissioners. They have considerable
managerial/technical experience of aviation as senior level.

They are:

Douglas Andrew
Francisco Escarti
Cornelis den Hartog
Philip Hogge Chairman
Ivan Hubert
Philippe Jaquard Vice-Chairman
Gregory Nanidis
Ianko Stoimenov
Antonio Triola
Uwe Völckers
Per Wallden
Knut Walther

The Performance Review Unit (PRU) supports the PRC and operates administratively under,
but independently of, the EUROCONTROL Agency. Should you wish to contact the PRC,
please do not hesitate to do so.

Performance Review Unit, 96 rue de la Fusée, B – 1130 Brussels, Belgium
Tel : +32 2 729 3956, Fax : +32 2 729 9108

pru@eurocontrol.be
http://www.eurocontrol.be/prc

The PRC has made every effort to ensure that the information and analysis contained in this
document are as accurate and complete as possible. Nevertheless, should you find any
errors or inconsistencies, we would be grateful if you could please bring them to the attention
of the PRU.

                                               
1 EUROCONTROL, the European Organisation for the Safety of Air Navigation, has 30 Member
States: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Ireland, Italy, Luxembourg, The former Yugoslav Republic of Macedonia,
Malta, Moldova, Monaco, Netherlands, Norway, Portugal, Romania, Slovak Republic, Slovenia, Spain,
Sweden, Switzerland, Turkey, United Kingdom.



This is the Performance Review Commission’s Fourth Performance Review
Report (PRR 4).

It reviews the performance of Air Traffic Management (ATM) in Europe during
the calendar year 2000 and presents an initial comparison of ATM
performance between Europe and the United States of America.

The PRC’s conclusions are contained in the Executive Summary. These
conclusions will form the basis for recommendations to the Provisional Council
of EUROCONTROL.
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