
Performance Review Body of the Single European Sky | Rond-Point Schuman 6, 4th Floor, Office 411, B-1040 Brussels
Office Telephone: +32 (0)2 234 7824 | prb-office@prb.eusinglesky.eu | webgate.ec.europa.eu/eusinglesky

EU-wide target ranges for RP 3

Annex 3. 2015 Comparison of ATM-related
performance: U.S. – Europe

August 2016





COPYRIGHT NOTICE AND DISCLAIMER 

Every possible effort was made to ensure that the information and analysis contained in this 
document are as accurate and complete as possible. Should you find any errors or 
inconsistencies we would be grateful if you could bring them to our attention. 
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EXECUTIVE SUMMARY 

This report is the 5th in a series of joint ATM operational performance comparisons between the 
US and Europe. It represents the 2nd edition under the Memorandum of Cooperation between 
the United States and the European Union. The report provides a comparative operational 
performance assessment between Europe and the US using Key Performance Indicators (KPIs) 
that have been harmonized by both groups. The report provides demonstrated examples of the 
KPIs listed in the 2016 ICAO Global Air Navigation Plan (GANP) which can be used to assess the 
benefits of the global implementation of Aviation System Block Upgrades (ASBUs).  

The indicators used are those proven to meet key ANSP objectives of identifying system 
constraints through delay/capacity measures and improving flight efficiency by measuring actual 
trajectories against an ideal. The report also includes punctuality and block time indicators that 
relate performance more directly to the airline/passenger perspective.  Complementary to the 
well-established indicators already used in previous versions of the comparison reports, this 
edition also features two supporting studies on 1) Air Traffic Flow and Capacity Management 
(ATFCM) and 2) Vertical Flight Efficiency in the arrival phase.  

The first part of this report examines commonalities and differences in terms of air traffic 
management and performance influencing factors, such as air traffic demand characteristics and 
weather, which can have a large influence on the observed performance.   

Overall, air navigation service provision is more fragmented in Europe with more ANSPs and 
physical facilities than in the US. The European area comprises 37 Air Navigation Service 
Providers (ANSPs) with 62 en-route centres and 16 stand-alone Approach Control (APP) units 
(total: 78 facilities). The US CONUS has 20 en-route centres supplemented by 26 stand-alone 
Terminal Radar Approach Control (TRACON) units (total: 46 facilities), operated by one ANSP.  

Although the US CONUS airspace is 10% smaller than the European airspace, the US controlled 
approximately 57% more flights operating under Instrument Flight Rules (IFR) with 24% fewer 
full time Air Traffic Controllers (ATCOs) than in Europe in 2015. US airspace density is, on 
average, higher and airports tend to be notably larger than in Europe. 

In terms of traffic evolution, there was a notable decoupling between the US and Europe in 2004 
when the traffic in Europe continued to grow while US traffic started to decline. The effect of the 
economic crisis starting in 2008 impacted traffic growth on both sides of the Atlantic. While 
traffic in Europe decreased by 3.3%, air traffic in the US decreased by 9.9% between 2008 and 
2015. 

The second part of this report analyses operational performance in both systems from an airline 
and from an ANSP point of view. The airline perspective evaluates efficiency and predictability 
compared to published schedules whereas the ANSP perspective provides a more in-depth 
analysis of ATM-related performance by phase of flight compared to an ideal benchmark 
distance or time. For the majority of indicators, trends are provided from 2008 to 2015 with a 
focus on the change in performance from 2013 to 2015. 

Punctuality is generally considered to be the industry standard indicator for air transport service 
quality. The trend in punctuality was similar in the US and Europe between 2005 and 2009 when 
both systems reached a comparable level of around 82% of arrivals delayed by 15 minutes or 
less in 2009. Whereas in the US performance remained stable in 2010, punctuality in Europe 
degraded to the worst level on record mainly due to weather-related delays (snow, freezing 
conditions) and strikes. From 2010 to 2012, punctuality in Europe improved again and continued 
to improve in the US. However in 2013 and 2014, whereas punctuality in Europe remained 
largely unchanged, punctuality in the US saw a sharp decline. In 2015 both systems reached 
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In its Manual on Global Performance of the Air Navigation System [Ref. 5], ICAO identified eleven 
Key Performance Areas (KPAs) of interest in understanding overall ATM system performance: 
Access and Equity, Capacity, Cost Effectiveness, Efficiency, Environmental Sustainability, 
Flexibility, Global Interoperability, Predictability, Participation, Safety, and Security.  

At the time of writing this report, ICAO is in the process of updating the Global Air Navigation 
Plan (GANP, ICAO Doc 9750 [Ref. 6]). As part of this update, the 2016 ICAO assembly will endorse 
the recognition of ATM performance monitoring. The 2016 update to the GANP includes 
documentation for 16 potential KPIs that are recommended for tracking performance 
improvements and identifying performance shortfalls. The US/Europe comparison reports 
provide demonstrated application for many of these indicators. The reports also show how 
common indicators can be used to benchmark performance across facilities and across ICAO 
regions. 

This report addresses the Key Performance Areas that relate to the operational efficiency of the 
ATM system. These are the KPAs of Capacity, Efficiency, Predictability, and Environmental 
Sustainability as it is linked to Efficiency when evaluating additional fuel burn. 

Table 1-1 provides an overview of the harmonized KPIs used in this report that are associated 
with the ICAO KPAs. Many of these indicators are linked. All flight efficiency indicators have a 
degree of variability which may be reported as a KPI for Predictability. 

Table 1-1: US/Europe Harmonized Key Performance Indicators  

Key Performance Area Key Performance Indicator 

Capacity Declared Airport Capacity 
Maximum Airport Throughput 

Efficiency 

Airline-Reported Delay Against Schedule 
Airline-Reported Attributable Delay 
En-route and Airport ATM-Reported Attributable Delay 
Taxi-Out Additional Time 
Horizontal En-Route Flight Efficiency (flight plan and actual)  
Additional Time in Terminal Airspace 
Taxi-In Additional Time 

Predictability 
Airline-Reported Arrival and Departure Punctuality 
Capacity Variability 
Phase of Flight Time Variability 

In addition to the KPIs listed in Table 1-1, this report also provides a series of related indicators 
that help to explain why a KPI improved or became worse over time. These related indicators do 
not fit the standard ICAO KPA framework. However they are typical indicators that would be 
monitored by an ANSP to help explain how external factors may influence the core KPIs. These 
Related Indicators principally address operator demand and weather. Table 1-2 below shows the 
main related indicators reported. 

Table 1-2: US/Europe - related indicators 

Related Area Related Indicator 

Traffic/Schedules 

System IFR Flight Counts 
System IFR Flight Distance 
Facility IFR Flight Counts 
Traffic Density 
Traffic Variability 
Schedule Block Time 
Seat capacity on scheduled flights 

Weather 
Operations by Met Condition 
Delay by Met Condition 

System Characteristics System size & structure 
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2. COMPARISON OF AIR TRAFFIC MANAGEMENT (ATM) IN THE US AND EUROPE 

This section provides background information on both the US and European ATM systems that 
may be used to explain similarities and differences in the KPIs used throughout this report. This 
section starts with a comparison in terms of physical geographic airspace and organisation of 
ATM.  

2.1 Organisation of ATM 

While the US and the European system are operated with similar technology and operational 
concepts, there is a key difference. The US system is operated by one single service provider 
using the same tools and equipment, communication processes and a common set of rules and 
procedures. Although ATFM and ASM in Europe are provided/coordinated centrally by the 
Network Manager, at the ATC level the European system is much more fragmented and the 
provision of air navigation services is still largely organised by State boundaries.  

In total, there are 37 different en-route ANSPs of various geographical areas. Historically, they 
have been operating different systems under slightly different sets of rules and procedures. 
Since 2004, the Single European Sky (SES) initiative of the European Union aims at reducing this 
fragmentation. It provides the framework for the creation of additional capacity and for 
improved efficiency and interoperability of the ATM system in Europe. 

2.2 Airspace management (ASM) and design 

In the US the Federal Aviation Administration (FAA) is responsible for airspace management and 
route design, whereas in the amalgamated European ATM system, airspace management was 
traditionally the prerogative of the individual States.  

In the current system, the design of airspace and related procedures is no longer carried out or 
implemented in isolation in Europe. Inefficiencies in the design and use of the air route network 
are considered to be a contributing factor towards flight inefficiencies in Europe, therefore the 
development of an integrated European Route Network Design is one of the tasks given to the 
Network Manager5. This is done through a CDM process involving all stakeholders.  

A further challenge is the integration of military objectives and requirements which need to be 
fully coordinated within the respective ATM system. To meet their national security and training 
requirements while ensuring the safety of other airspace users, it is occasionally necessary to 
restrict or segregate airspace for exclusive use which may conflict with civilian objectives to 
improve flight efficiency as flights must then detour around these areas. To accommodate the 
increasing needs of both sets of stakeholders, in terms of volume and time, close civil/military 
cooperation and coordination across all ATM-related activities is a key requirement. 

In terms of the organisation of the civil/military cooperation, the US and Europe both apply a 
similar model: 

                                                           

5  EU Regulation 677/2011 defines the tasks of the Network Manager. The main ones are: the provision of ATFCM 
services, the development of an integrated European Route Network Design, providing the central function of 
radio frequency allocation, coordinating improvements to SSR code allocation, and providing support for network 
crisis management.  



http://www.faa.gov/regulations_policies/orders_notices/index.cfm/go/document.information/documentid/1019806
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2.3 Air traffic flow management (ATFM) and air traffic control (ATC) 

ATFM is a function of air traffic management (ATM) established with the objective of 
contributing to a safe, orderly, and expeditious flow of traffic while minimizing delays. The 
purpose of ATFM is to avoid safety risks associated with overloaded ATC sectors by regulating 
traffic demand according to available capacity. When ATFM also includes a capacity 
management function, it is called ATFCM. At the tactical level, ATC also plays a role in flow 
management. 

This section compares the similarities and differences between the US and Europe in terms of 
facility organization and the strategies for balancing demand and capacity. 

2.3.1 ATFM AND ATC FACILITY ORGANIZATION 

Both the US and Europe have established system-wide, centralised traffic management facilities 
to ensure that traffic flows do not exceed what can be safely handled by ATC units, while trying 
to optimise the use of available capacity. Table 2-1 provides an overview of the key players 
involved and the most common ATFM techniques applied [Ref.8].  

Table 2-1: Organisation of ATFM (Overview) 

 
The key difference is that the European ATM system is an amalgamation of a large number of 
individual ANSPs whereas the US system is operated by a single ANSP.  

There are 20 Air Route Traffic Control Centres (ARTCC) in the US CONUS compared to 62 ACCs in 
Europe9. Figure 2-2 depicts the size of the 20 US ARTCCs compared to the 20 largest ACCs in 
Europe, in terms of average daily IFR flights.  

                                                           

9  For Europe, a 63rd en-route center is located in the Canaries, outside of the geographical scope of the study. In the 
US, 3 additional en-route centers are operated by the FAA, outside of the US CONUS. 
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Figure 2-2: Comparison of en-route area control centres (2015) 

A further key difference between the two systems is the role of the network ATFM function. The 
fact that the ATM system in the US is operated by a single provider puts the Air Traffic Control 
System Command Center (ATCSCC) in a much stronger position with more active involvement of 
tactically managing traffic on the day of operations than is the case in Europe.  

As far as traffic management issues are concerned, there is a clear hierarchy in the US. Terminal 
Radar Approach Control (TRACON) units work through the overlying ARTCC which coordinate 
directly with the ATCSCC in Virginia. The ATCSCC has final approval authority for all national 
traffic management initiatives in the US and is also responsible for resolving inter-facility issues.  

In Europe, the Network Manager Operations Centre (NMOC) in Brussels monitors the traffic 
situation and proposes flow measures which are coordinated through a CDM process with the 
local authority. Usually the local Flow Management Positions (FMP), embedded in ACCs to 
coordinate the air traffic flow management in the area of its responsibility, requests the NMOC 
to implement flow measures. 

In 2009, the role of the network function in Europe was strengthened by the second package of 
Single European Sky (SES) legislation10. This evolution foresees a more proactive role in Air Traffic 
Flow Management, ATC capacity enhancement, airspace structure development and the support 
to the deployment of technological improvements across the ATM network for the European 
Network Manager.  

                                                           

10  The SES I legislation adopted in 2004 was revised and extended by the SES II package in 2009 aimed at increasing 
the overall performance of the air traffic management system in Europe, shifting the focus from capacity to 
performance in general. The SES II package also introduced the comprehensive performance scheme with target-
setting at EU-level. 
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3.1.5 TRAFFIC MIX 

A notable difference between the US and Europe is the share of general aviation which accounts 
for 22% and 3.7% of total traffic in 2015, respectively (see Table 3-1 on page 21). This is 
confirmed by the distribution of physical aircraft classes in Figure 3-6 which shows a large share 
of smaller aircraft in the US for all IFR traffic (left side of Figure 3-6).  

 
Figure 3-6: Comparison by physical aircraft class (2015) 

In order to improve comparability of data sets, the more detailed analyses in Chapters 4 and 5 
are limited to controlled IFR flights either originating from or arriving to the main 34 US and 
European airports (see Annex I). The samples are more comparable when only flights to and 
from the 34 main airports are analysed as this removes a large share of the smaller piston and 
turboprop aircraft (general aviation traffic), particularly in the US. Traffic to or from the main 34 
airports in 2015 represents some 64% of all IFR flights in Europe and in the US. 

Figure 3-7 shows the evolution of the number of average seats per scheduled flight in the US and 
in Europe, based on data for passenger aircraft.  

 
Figure 3-7: Average seats per scheduled flight (2005-2015) 
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ENVIRONMENTAL CONSTRAINTS 
One of the major challenges of airport communities is the need to balance airport capacity 
requirements with the need to manage aircraft noise and negative effects on the population in 
the airport vicinity. Quite a number of airports in Europe operate under some environmental 
constraints which invariably affect runway throughput, the level of complexity and therefore, 
ATM performance. 

The main affecting factors are (1) Noise Preferential Routes and Standard Instrument Departure, 
(2) Restrictions on runway mode of operations and configurations, and (3) night noise 
regulations. In the early morning, night noise curfews might even result in considerable arrival 
holding with a negative impact on fuel burn and thence CO2 emissions.  

More work is required to better understand the differences in the impact of environmental 
constraints on ATM performance in Europe and the US (i.e. how noise and emissions are handled 
in the two systems and the potential impact on performance). 

3.2.1 AIRPORT LAYOUT AND OPERATIONS AT THE MAIN 34 AIRPORTS 

The number of operations which can be safely accommodated at an airport not only depends on 
the number of runways but also to a large extent on runway layout and available configurations 
(many runways may not be operated independently). The choice of the configuration depends 
on a number of factors including weather conditions and wind direction, type of operation 
(arrival/ departure peak) and environmental considerations such as noise constraints. The 
configuration, combined with environmental restrictions, as well as apron and terminal airspace 
limitations affect the overall capacity of the airport.  

Some of the key factors determining runway throughput are the distance between runways 
(dependent or independent25), the mode of operation (mixed26 or segregated27), and 
geographical layout (intersecting runways, crossing taxiways). 

Although some airports technically have a 
large number of runways, operational data 
shows that the applied configurations 
restrict the type of operations and runways 
to be used at any one time.  

For this reason, the number of runways 
used for the comparison of operations at 
the 34 main airports in the US and in Europe 
in Table 3-3 was based on statistical analysis 
(see grey box) rather than the physical 
runway count. The passenger numbers are 
based on Airport Council International (ACI) 
data and refer to all operations. 

 Use of runways at the airports 
In previous versions (2008 and 2010) of the report the 
number of existing physical runways was used for the 
computation of the indicators in Table 3-3. 
Acknowledging that not all physical runways are available 
for use at any one time, a different methodology was used 
to determine the number of runways in use at each of the 
airports. 
In a first step, the number of simultaneously active runways 
was determined for each 15 minute interval. A runway (e.g. 
09R/27L) was considered as being active if used in any of 
the directions.  
In a second step, the upper 10th percentile of the 
distribution was used as the number of simultaneously 
active runways at the respective airport. The number of 
physical runways might be higher.   

                                                           
25  Independent operations ensure flexibility and usually allow a higher throughput whereas dependent operations 

may mean that only one runway can be used at a time. In order to operate independently, ICAO safety rules 
require the runways to be far enough apart and/or configured so that aircraft operation on one runway does not 
affect the other. 

26  Landing and departing traffic are mixed on the same runway. 
27  Applies to dual runway systems where runways are used for either landing or departing traffic only. 
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The IFR flights are the basis for the majority of the trends and analysis presented in this report. 
The average number of IFR departures per airport (522) is considerably higher (62%) in the US, 
compared to 323 average daily departures at the 34 main airports in Europe in 201528. 

Figure 3-9 shows the change in IFR departures by airport compared to 2013. In the US, the 
airports with the highest decrease in departures between 2013 and 2015 are Detroit (-64), 
Denver (-55), and Washington (-50), and the airports showing a growth in departures compared 
to 2013 include Seattle (+87), Dallas Love (DAL) (+55) and New York JFK (+44).  Although overall 
traffic in the US increased by 1.6%, the average traffic level for the main 34 population was 
virtually unchanged. 

 
Figure 3-9: Change in operations at the main 34 airports (2015 vs. 2013) 

In Europe, the airports with the highest decrease in terms of departures were Lyon (-10), Vienna 
(VIE) (-7), and Frankfurt (-6). The airports showing an increase in departures compared to 2013 
include Athens (+46), Madrid (+46), and Dublin (+37).  

                                                           
28 The analysis relates only to IFR flights. Some airports - especially in the US - have a significant share of additional 

VFR traffic which has not been considered in the analysis. 
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significant differences in runway layout among airports in the same class that can explain the 
variation. 

In the US and Europe, airports with one and even two active runways are more comparable in 
terms of peak arrival capacity for the two regions. For the US, the two active runway case 
average value (47) is influenced by the ability to operate in mixed mode with independent 
runways for Tampa (TPA) and Portland (PDX).  Otherwise the grouping is more comparable. 

For airports with three or more active runways, the peak arrival capacity at US airports is on 
average notably higher than at European airports. The majority of US airports have three or 
more active runways whereas in Europe, most of the airports have one or two active runways.  

Despite normalising the comparison by grouping airports by number of active runways, airport 
capacities within the same active runway grouping can be starkly different due to differing 
runway layouts, runway dependencies and aircraft fleet mix. In general, the US airports with 
high value arrival capacity rates in the same class indicate the use of runways in mixed mode 
where arrivals are possible among all active runways. As such, Munich (MUC), Minneapolis 
(MSP), Tampa (TPA), and Portland (PDX) have a considerably higher peak arrival capacity than 
the other airports in their runway group.  

Peak arrival throughput levels also vary in the two regions. Whereas in Europe peak arrival 
throughput is usually close to the peak declared capacity, in the US peak arrival throughput 
tends to be substantially lower than the peak capacity arrival rates, with the exception of a few 
high impact airports (i.e, New York airports, Philadelphia) where demand and, therefore, 
throughput is closer to the peak capacity level. As schedule limitations dictate a close adherence 
of scheduled operations to pre-allocated airport slots (a surrogate for capacity), the slot-
controlled airports in the US and Europe tend to show a peak throughput closer to peak 
capacity.  

There are a number of key challenges in providing a true like-with-like comparison of airport 
capacities and throughput for the two regions. One difficulty in this exercise is that airports 
within each active runway group may not be directly comparable due to differences in runway 
layout. Munich (MUC), having two parallel independent runways and the highest throughput in 
its two-runway class, is not directly comparable to LaGuardia (LGA), which also has two active 
runways, but in a dependent crossed configuration. The throughput values for the two airports 
are, therefore, very different.  

More analysis is needed to better group and compare European and US airports based on 
runway layout, runway dependency, and mixed and single mode operations. Another difficulty is 
that throughput is highly sensitive to demand. High demand drives high throughput and vice-
versa. It is difficult to properly assess throughput as demand levels are lower on both sides of 
the Atlantic with some airports having larger demand drops than others. Lastly, measuring 
throughput is dependent on the time interval used for the assessment. In this analysis, peak 
throughput was measured every five minute rolling hour. Results using a different approach may 
reveal a difference not seen at the five minute rolling hour level.   
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3.2.3 CAPACITY VARIATION AT US AIRPORTS 

Many of the differences in performance appear to be attributable to the effects of capacity 
variation between most favourable and least favourable conditions. Also, many of the 
improvements at the system level observed over time track with an overall decrease in demand.   

The analysis in this section seeks to quantify capacity changes using the performance sources 
described in Section 1.3. Changes in capacity can in part be tied to changes in demand, weather, 
and airport infrastructure. In Figure 3-11, the average hourly arrival ATC acceptance rates for the 
34 main US airports between 6AM-10PM local time are shown with the percent change in arrival 
capacity compared to 2013 (top of Figure 3-11). 

 
Figure 3-11: Average hourly arrival rates at 34 main US airports (2013-2015) 

Ft. Lauderdale (FLL) had the largest percent change from 2013 to 2015.  Its increase was due to a 
runway coming back into service in November of 2014. Salt Lake City (SLC) saw a decrease due to 
a change in strategy for calling a balanced rate. 

Capacity at airports can be tied to demand at the facility and also be impacted by external 
factors, such as weather conditions. It is also the case that not all capacity variation and 
performance changes can be explained by meteorological conditions as facilities may operate at 
low capacity rates during good weather due to other events such as temporary runway 
maintenance or dependencies with traffic flow of nearby airports. 

For this reason, it is more straightforward to assess capacity variation using a percentile method 
that does not depend on a link to all the causal reasons described above.  

Figure 3-12 combines the various elements (volume, capacity reduction, and frequency) which 
drive performance at US airports using percentiles. In the previous section, peak capacity and 
throughput values were presented. In the following section, the focus is on how much capacity 
varies from low to high values and how often this variation becomes a strain on airports due to 
demand levels close to or exceeding capacity. Note that capacity and demand do not have to be 
at a peak level for an airport to be impacted or strained. In general, it only takes a mismatch of 
the two entities and not necessarily high levels of each. 

0

20

40

60

80

100

120

140

A
tla

nt
a 

(A
TL

)

N
as

hv
ill

e 
(B

N
A

)

B
os

to
n 

(B
O

S
)

B
al

tim
or

e 
(B

W
I)

C
ha

rlo
tte

 (C
LT

)

D
al

la
s 

(D
A

L)

W
as

hi
ng

to
n 

(D
C

A
)

D
en

ve
r (

D
E

N
)

D
al

la
s 

(D
FW

)

D
et

ro
it 

(D
TW

)

N
ew

ar
k 

(E
W

R
)

Ft
. L

au
de

rd
al

e 
(F

LL
)

H
ou

st
on

 (H
O

U
)

W
as

hi
ng

to
n 

(IA
D

)

H
ou

st
on

 (I
A

H
)

N
ew

 Y
or

k 
(J

FK
)

La
s 

V
eg

as
 (L

A
S

)

Lo
s 

A
ng

el
es

 (L
A

X
)

N
ew

 Y
or

k 
(L

G
A

)

O
rla

nd
o 

(M
C

O
)

C
hi

ca
go

 (M
D

W
)

M
em

ph
is

 (M
E

M
)

M
ia

m
i (

M
IA

)

M
in

ne
ap

ol
is

 (M
S

P
)

C
hi

ca
go

 (O
R

D
)

P
or

tla
nd

 (P
D

X
)

P
hi

la
de

lp
hi

a 
(P

H
L)

P
ho

en
ix

 (P
H

X
)

S
an

 D
ie

go
 (S

A
N

)

S
ea

ttl
e 

(S
E

A
)

S
an

 F
ra

nc
is

co
 (S

FO
)

S
al

t L
ak

e 
C

ity
 (S

LC
)

S
t. 

Lo
ui

s 
(S

TL
)

Ta
m

pa
 (T

P
A

)

A
ve

ra
ge

 H
ou

rly
 A

rr
iv

al
 R

at
e

Average hourly arrival rates at 34 main US airports (2013-2015)

2015 2013

-20%

0%

20%

40%

60%

P
er

ce
nt

 C
ha

ng
e 

in
 A

A
R

Arrival rate vs. 2013 (%)







P a g e | 36 

 

and visibility as the primary criteria for defining weather. Performance by VMC/IMC was also 
examined in the previous benchmark reports as a practical way of comparing weather changes 
over time and weather differences between facilities.   

Precise definitions differ between the US and Europe but for the analysis in the next section, a 
cloud ceiling of less than 1 000 feet or visibility of less than 3 miles (5 km) was used for the 
demarcation of IMC. Conditions better than IMC are termed visual meteorological conditions 
(VMC). In addition, there are airport specific thresholds where visual approaches (and typically 
visual separations) may be used.  Conditions below such thresholds, but still better than IMC, are 
referred to as Marginal VMC. For simplicity, the following thresholds were used for all airports to 
provide a basic assessment of the frequency of various weather conditions. 

Table 3-4: Ceiling and visibility criteria 

 
 Visibility (miles) 

  < 3 [3, 5) > 5 

Ceiling (feet) 

> 3,000 Instrument Marginal Visual 
[1000, 3000) Instrument Marginal Marginal 

< 1,000 Instrument Instrument Instrument 

It is important to note that VMC does not necessarily equate to favourable or perfect weather 
although it is often the case. METAR data contains records with weather events, such as rain 
showers, thunderstorms and strong winds occurring during periods with high visibility and clear 
skies. These weather events are currently not assessed as part of these related indicators and 
more work is needed in the future to develop a more comprehensive definition for weather. 

Figure 3-14 shows the 
percent of time spent in 
visual, marginal, and 
instrument conditions in 
Europe and the US at system 
level in 2013 and in 2015 
between 6AM-10PM local 
time.  

In general, weather in 
Europe at system level is 
less favourable than the US.   

Figure 3-14: Overview of weather conditions in the US and Europe 

In 2015, 84.5% of the year at the main 34 US airports was spent in VMC with 9.5% occurring in 
marginal and 6% in instrument conditions. Overall, the weather in the US appears to be similar 
as in 2013 with a slightly higher frequency of IMC in 2015 (+0.2%). The main 34 European 
airports spend on average 77.8% of the time in VMC, 14.2% in marginal, and 8% in instrument. 
At system level, weather conditions in Europe improved in 2015 compared to 2013 with a -2.0% 
reduction in IMC and a -1.8% reduction in marginal conditions. 

At the airport level, the share of time spent in VMC, MMC, and IMC vary based on differing 
susceptibility to weather events which is largely based on geographic location (Figure 3-15). The 
European airports located in the subtropical Mediterranean region including Nice (NCE), Palma 
(PMI), Madrid (MAD), Rome (FCO), Athens (ATH), and Barcelona (BCN) are the airports with the 
highest percentage of the VMC.  
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Figure 3-15: Percent of time by meteorological condition at the main 34 airports (2015) 

In the US, Las Vegas (LAS) and Phoenix (PHX) rarely experience anything other than VMC with 
their dry desert climate. Similarly, the Florida airports (FLL, MCO, TPA, and MIA) also spend a 
high percentage of time in VMC. 

Figure 3-16 shows how the change in instrument conditions is broken down by airport in Europe 
(-2%) and the US (+0.2%) in 2015. In terms of performance, the observed capacity gap, traffic 
volume, and frequency of IMC drive overall system performance.  

 
Figure 3-16: Percent change in time during IMC at the main 34 airports (2013-2015) 
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The airports with considerably more time spent in marginal and instrument conditions and less 
time in VMC may call lower called rates more often, but performance at these airports will only 
be impacted if demand levels rise above the available capacity. As mentioned previously in this 
section, ceiling and visibility provide only a preliminary step towards measuring weather 
conditions.  More work is needed to relate the impact of weather conditions on airport and air 
traffic performance.  

3.3.2 WEATHER-RELATED AIRPORT ATFM DELAYS AT THE MAIN 34 AIRPORTS  

As weather is a major factor influencing runway throughput and airport capacity, airports 
typically issue ATFM restrictions to address capacity to demand imbalances when adverse 
weather occurs. Using comparable data sources in the US and Europe, this section provides a 
preliminary analysis of the specific types of weather-related causes for ATFM delays at the 
arrival airport. A more detailed analysis of ATFM delay for all causal factors is provided in Section 
5.2.1. 

Figure 3-17 shows the average airport arrival ATFM delay31 by causal factor at system level for 
the main 34 airports between 2008 and 2015. 

Figure 3-17: Causes of weather-related airport ATFM delays (2008-2015) 

Overall, relatively higher ATFM delays per arrival are observed in the US compared to Europe 
when weather-related restrictions are present. This may be due to European capacities being set 
more conservatively to allow for unforeseeable events whereas the US operates by calling a 
higher capacity by presuming ideal operating conditions. Major contributors to the US values 
include airports with high demand and highly variable capacity. 

In Europe, ATFM airport regulations due to visibility are the main driver of delay, followed by 
wind, winter operations and thunderstorms. A notable exception is observed for 2010 where 

31 Please note that for Europe all ATFM delays are included whereas for the US only delays equal or greater than 15 
minutes are included. 
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winter operations were the main cause for weather related airport ATFM regulations. As can be 
seen in Figure 3-17, average weather related ATFM arrival delays increased in Europe between 
2013 and 2015.  

Similarly in the US, the primary driver for ATFM delays is visibility, however, the impact of 
thunderstorms and severe weather are also very prominent. Different than in Europe, weather 
related airport ATFM delays continuously decreased in the US between 2013 and 2015.  

Figure 3-18 provides a breakdown of weather-related ATFM delay by arrival airport and by cause 
in 2015. A high average weather-related airport arrival delay is usually the result of a notable 
capacity reduction in bad weather combined with a high level of demand (i.e. peak throughput 
close to or higher than the declared capacity). 

 
Figure 3-18: Airport charged weather-related ATFM delays by destination airport (2015) 

As can be seen from the figure, a few notable US airports experience delay levels that are 
magnitudes higher than other airports in the country or in Europe. The New York area airports 
(EWR, LGA, and JFK) experience very high average ATFM weather-related delays. For this reason, 
the New York area has implemented a severe weather avoidance plan (SWAP) to handle aircraft 
reroutes and departure clearances during thunderstorm events. On the west coast, fog and low 
visibility are the most impactful weather cause for ATFM delays at San Francisco (SFO). 

In Europe, London Heathrow (LHR) shows the highest impact of weather on operations in 2015, 
followed by Amsterdam (AMS), Zurich (ZRH), and Geneva (GVA). The average weather-related 
airport arrival ATFM delays at London (LHR) were mainly related to wind and visibility.  

 

0
1
2
3
4
5
6
7
8

A
m

st
er

da
m

 (A
M

S
)

S
to

ck
ho

lm
 (A

R
N

)

A
th

en
s 

(A
TH

)

B
ar

ce
lo

na
 (B

C
N

)

B
ru

ss
el

s 
(B

R
U

)

P
ar

is
 (C

D
G

)

C
ol

og
ne

 (C
G

N
)

C
op

en
ha

ge
n 

(C
P

H
)

D
ub

lin
 (D

U
B

)

D
us

se
ld

or
f (

D
U

S
)

R
om

e 
(F

C
O

)

Fr
an

kf
ur

t (
FR

A
)

G
en

ev
a 

(G
V

A
)

H
am

bu
rg

 (H
A

M
)

H
el

si
nk

i (
H

E
L)

Lo
nd

on
 (L

G
W

)

Lo
nd

on
 (L

H
R

)

M
ila

n 
(L

IN
)

Li
sb

on
 (L

IS
)

Ly
on

 (L
Y

S
)

M
ad

rid
 (M

A
D

)

M
an

ch
es

te
r (

M
A

N
)

M
un

ic
h 

(M
U

C
)

M
ila

n 
(M

X
P

)

N
ic

e 
(N

C
E

)

P
ar

is
 (O

R
Y

)

O
sl

o 
(O

S
L)

P
al

m
a 

(P
M

I)

P
ra

gu
e 

(P
R

G
)

Lo
nd

on
 (S

TN
)

S
tu

ttg
ar

t (
S

TR
)

B
er

lin
 (T

X
L)

V
ie

nn
a 

(V
IE

)

Zu
ric

h 
(Z

R
H

)

A
vg

. w
ea

th
er

 a
irp

or
t c

ha
rg

ed
  A

TF
M

 d
el

ay
 (m

in
. p

er
 a

rr
iv

al
)

Airport charged weather-related ATFM delays by destination airport (2015)

Precipitation Thunderstorms (TS) / Cumulonimbus cloud (CB) Visibility WIND Winter Operations/ Other
Source: PRU/FAAAnalysis

0
1
2
3
4
5
6
7
8

A
tla

nt
a 

(A
TL

)

N
as

hv
ill

e 
(B

N
A

)

B
os

to
n 

(B
O

S
)

B
al

tim
or

e 
(B

W
I)

C
ha

rlo
tte

 (C
LT

)

D
al

la
s 

(D
A

L)

W
as

hi
ng

to
n 

(D
C

A
)

D
en

ve
r (

D
E

N
)

D
al

la
s 

(D
FW

)

D
et

ro
it 

(D
TW

)

N
ew

ar
k 

(E
W

R
)

Ft
. L

au
de

rd
al

e 
(F

LL
)

H
ou

st
on

 (H
O

U
)

W
as

hi
ng

to
n 

(IA
D

)

H
ou

st
on

 (I
A

H
)

N
ew

 Y
or

k 
(J

FK
)

La
s 

V
eg

as
 (L

A
S

)

Lo
s 

A
ng

el
es

 (L
A

X
)

N
ew

 Y
or

k 
(L

G
A

)

O
rla

nd
o 

(M
C

O
)

C
hi

ca
go

 (M
D

W
)

M
em

ph
is

 (M
E

M
)

M
ia

m
i (

M
IA

)

M
in

ne
ap

ol
is

 (M
S

P
)

C
hi

ca
go

 (O
R

D
)

P
or

tla
nd

 (P
D

X
)

P
hi

la
de

lp
hi

a 
(P

H
L)

P
ho

en
ix

 (P
H

X
)

S
an

 D
ie

go
 (S

A
N

)

S
ea

ttl
e 

(S
E

A
)

S
an

 F
ra

nc
is

co
 (S

FO
)

S
al

t L
ak

e 
C

ity
 (S

LC
)

S
t. 

Lo
ui

s 
(S

TL
)

Ta
m

pa
 (T

P
A

)

US onlydelay equal to or greater than 15 minutes is included

Europe includes allairport arrival ATFM delay





  P a g e | 41 

 

more on the gate-to-gate phase, in Europe flights are usually held at the gates with only 
comparatively few constraints once an aircraft has left the gate.  However from 2010 this gap 
has largely disappeared with a trend similar to Europe.   

Historically, between 2005 and 2007, on-time performance degraded in the US and in Europe 
and improved notably between 2007 and 2009. It is interesting to note that, at system level, 
traffic in Europe increased by 2.3% while traffic in the US declined by 11.8% between 2005 and 
2009 (compare Figure 3-1).  

Whereas in the US performance remained stable in 2010, punctuality in Europe degraded to the 
worst level on record mainly due to weather-related delays (snow, freezing conditions) and 
strikes33. From 2010 to 2012, punctuality in Europe improved again and continued to improve in 
the US. However in 2013 and 2014, whereas punctuality in Europe remained largely unchanged 
and then degraded from 2014-2015, punctuality in the US saw a sharp decline from 2012-2014 
followed by a rebound from 2014-2015. Figure 4-2 and Figure 4-3 show the facilities that most 
influence system wide on-time performance as well as contributed to the change from 2013-
2015 (US 80.2% vs 81.3%).  

The system-wide on-time performance is the result of contrasted situations among airports. 
Figure 4-2 shows the arrival punctuality at the 34 main European and US airports in 2015. The 
changes in arrival punctuality compared to 2013 are shown in Figure 4-3 

In the US, the New York airports (LGA, EWR, JFK) had the lowest on-time performance (arrivals), 
followed by San Francisco (SFO) and Los Angeles (LAX). Compared to 2013, only a few airports 
showed degradation in arrival punctuality (see Figure 4-3).  

 
Figure 4-2: Arrival punctuality at the main 34 airports (2015) 

                                                           
33  The volcanic ash cloud in April and May 2010 had only a limited impact on punctuality, as the majority of the 

flights were cancelled and are, thus, excluded from the calculation of on-time performance indicators.  
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In Europe, the two London airports (LHR, LGW) and Dublin (DUB) had the lowest level of arrival 
punctuality in 2015 (top chart in Figure 4-2). Compared to 2013, Paris (ORY) (+4.9% pt.) showed 
the highest improvement and a notable deterioration can be observed for London (LGW), Rome 
(FCO) and Dublin (DUB).   

Figure 4-3: Change in arrival punctuality at the main 34 airports (2015 vs. 2013) 

Figure 4-4 shows monthly arrival punctuality levels (red line) together with traffic levels (brown 
line) for flights to or from the top 34 airports in the US and Europe between 2010 and 2015.   

Figure 4-4: Arrival punctuality by month (2010-2015) 

In Europe and the US, a clear pattern of summer and winter peaks is visible. Whereas the winter 
peaks are more the result of weather-related delays at airports, the summer peaks are driven by 
the higher level of demand and resulting congestion but also by convective weather in the en-
route airspace in the US and a lack of en-route capacity in Europe. The strong increase in Europe 
in December 2010 is due to exceptional weather conditions (ice & snow). 
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Figure 4-7 provides an analysis of how the duration of the individual flight phases (gate 
departure delay35, taxi-out, airborne, taxi-in, total) have evolved over the years in Europe and 
the US. It is based on the DLTA Metric (see footnote 34) and compares actual times for each city 
pair with the long-term average for that city pair over the full period (2005-2015). For example, 
in the US at the peak of the curve at the end of 2008, total average actual flight time among city 
pairs had increased over 5 minutes since 2005 and was 4 minutes above the long-term average. 

 
Figure 4-7: Trends in the duration of flight phases (2005-2015) 

In Europe, performance is clearly driven by gate departure delays with only very small changes in 
the gate-to-gate phase (i.e. there is only a very small gap between departure time and total). The 
drop in gate departure delay in 2009 when traffic levels fell as a result of the economic crisis is 
significant. In 2010, despite a traffic level still below 2008, gate departure delays increased again 
significantly mainly due to exceptional events (industrial actions, extreme weather, technical 
upgrades). Since 2010, performance in almost all phases of flight improved again substantially.  

In the US, the trailing 12-month average began to decline at the beginning of 2008. Similar to 
Europe, departure delay was the largest component associated with the change in average flight 
time. Between 2008 and 2010, most flight components went back to their long-term average 
and improved even further between 2010 and 2012 before they decreased again in 2014-2015. 
A substantial improvement is also visible for taxi-out times as a result of the initiatives to 
improve performance in this area. 

 

 

                                                           
35  Gate departure delay is defined as the difference between the actual gate out time and the schedule departure 

time published by the operators.   
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meteorological conditions (VMC). Summer delays result from convective weather blocking en-
route airspace. The high level of variability may be related to scheduling and seasonal 
differences in weather.  

In Europe where the declared airport capacity is assumed to be closer to IMC capacity, the 
overall effects of weather on operational variability are expected to be generally less severe.  

After a high level analysis of operational performance from the airline point of view, the next 
chapter provides an assessment of performance evaluated from the ATM perspective. The 
following analysis of ATM-related service quality is indicative of what can be influenced by 
improvements or actions taken by the ANSP.  
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5. COMPARISON OF ATM-RELATED OPERATIONAL SERVICE QUALITY 

Although the analysis of performance compared to airline schedules (on-time performance) in 
Section 4.1 is valid from a passenger point of view and provides valuable first insights, the 
involvement of many different stakeholders and the inclusion of time buffers in airline schedules 
require a more detailed analysis for the assessment of ATM performance. 

This section compares US and European performance using Key Performance Indicators 
calculated using data available to the ANSP. Specific KPIs include ATM-reported attributable 
delay, flight plan additional distance, and additional time in the various phases of flight including 
taxi-out, en-route, descent and arrival, and taxi-in. 

The evaluation of ATM-related operational service quality will focus on the Key Performance 
Areas of efficiency of actual operations by phase of flight in order to better understand the ATM 
contribution and differences in traffic management techniques between the US and Europe. The 
KPA of environmental sustainability is addressed as it relates to efficiency when evaluating 
additional fuel burn. 

The FAA-ATO and EUROCONTROL have been sharing approaches to performance measurement 
over the past years. Both have developed similar sets of operational key performance areas and 
indicators. The specific key performance indicators (KPIs) used in this report were developed 
using common procedures on comparable data from both the FAA-ATO and EUROCONTROL (see 
Section 1.3).  

5.1 Approach to comparing ATM-related service quality 

Figure 5-1 shows the conceptual framework for the analysis of ATM-related service quality by 
phase of flight applied in the next sections of this report. The high level passenger perspective 
(on-time performance) is shown at the top together with the airline scheduling. The various 
elements of ANS performance analysed in more detail in the following sections are highlighted in 
blue in Figure 5-1. 

 

Figure 5-1: Conceptual framework to measuring ATM-related service quality 

Departure 
delays

Airport Capacity
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Figure 5-2: Evolution of total ATFM delay per flight (2008-2015) 
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Figure 5-3: Percent change in ATFM delay by cause (2015 vs. 2013) 
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In Europe, average ATFM delay 
continuously decreased until 
2013, following the historically 
bad performance due to 
weather and strikes in 2010.  

Between 2013 and 2015, total 
ATFM ground delays equal or 
greater 15 minutes increased in 
Europe by 43.4% whereas traffic 
only increased by 4.1% during 
the same time.  

The US has also shown a decline 
since 2008.   Some of this 
improvement can be attributed to improving local weather at SFO and declining traffic levels at 
key facilities such as ORD and PHL as shown in Chapter 3. Between 2013 and 2015, total ATFM 
delay decreased by 12.7% with 
overall traffic levels at the main 
34 held constant.  

Figure 5-3 shows this change 
from 2013 to 2015 by causal 
factor. In the US, the decrease 
between 2013 and 2015 was 
largely due to weather including 
en-route convective weather not 
quantified in Chapter 3.   
In Europe, the notable 
performance deterioration was 
due to a significant increase in 
capacity related delays and to a 
lesser extent due to weather. 
Table 5-1 compares ATM-related departure restrictions imposed in the two ATM systems due to 
en-route and airport constraints. As can be expected, the share of flights affected by departure 
ground restrictions at origin airports differs considerably between the US and Europe. Despite a 
reduction from 5.0% in 2008 to 2.0% in 2015, flights in Europe are still over twice more likely to 
be held at the gate or on the ground for en-route constraints than in the US where the share of 
flights was 0.8% in 2015.   

Table 5-1: ATFM departure delays (flights to or from main 34 airports within region) 

2008 2013 2015 2008 2013 2015
IFR flights (M) 5,5 4,8 4,8 9,3 8,4 8,2

% of fl ights delayed >=15 min. 5,0% 1,3% 2,0% 1,1% 0,8% 0,8%
delay per fl ight (min.) 1,4 0,4 0,6 0,4 0,3 0,3

delay per delayed fl ight (min.) 28 31 28 38 36 35
% of fl ights delayed >=15 min. 2,8% 1,6% 2,3% 4,1% 2,6% 2,5%

delay per fl ight (min.) 0,9 0,5 0,7 2,3 1,5 1,3
delay per delayed fl ight (min.) 32 33 33 56 57 51

Airport related 
delays >=15min. 

(EDCT/ATFM)

En route related 
delays >=15min. 

(EDCT/ATFM)

Only delays > = 15 min. are included. EUROPE US (CONUS)
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Figure 5-4: Breakdown of en-route ATFM delay by cause (2015) 

Figure 5-5: Breakdown of airport arrival ATFM delay by cause (2015) 
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For airport related delays, the percentage of delayed flights at the gate or on the surface is 
slightly higher in the US than in Europe. However, the delay per delayed flight in the US is 55% 
higher (51 vs. 33).  

Whereas in the US, en-route 
delays are mostly driven by 
convective weather, in 
Europe they are mainly the 
result of capacity and staffing 
constraints (including ATC 
industrial actions) driven by 
variations in peak demand 
(see large differences 
between summer and winter 
in Europe in Figure 3-4 and 
Figure 3-5).  

At system level, the causes 
for airport-related ATFM 
delays are similar in both the 
US and Europe. Weather is 
the predominant driver of 
ATFM delays in both Europe 
and the US (Figure 5-5). 

Figure 5-6 compares the 
average minutes of airport-related ATFM departure delays attributed to the constraining 
destination airport. The airports are sorted in descending order by number of ATFM delay 
minutes; however, airports with a high number of flights will show lower average ATFM delays. 

Figure 5-6: Airport charged ATFM delay by destination airport (2015) 
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Figure 5-8 shows a more detailed comparison of additional time in the taxi-out phase at the 
major airports in Europe and the US which illustrates the contrasted situations among airports.  

 
Figure 5-8: Additional time in the taxi-out phase by airport (2015) 

In Europe, the two London airports (LHR, LGW), and Rome (FCO) showed the highest average 
additional taxi out time in 2015. On average, London Gatwick (LGW) showed an increase in 
additional taxi-out time of almost 2 minutes between 2013 and 2015.  

 

Figure 5-9: Difference in additional time in the taxi-out phase by airport (2015 vs. 2013) 
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Figure 5-13 shows the direct en-route extension on flights arriving at the main US and European 
airports.  

 
Figure 5-13: Direct en-route extension by destination airport 

US airports show some clustering and patterns when values are summed by destination airport, 
particularly for New York Area and Florida airports. In assessing specific city pairs for these 
facilities, three causal reasons emerge. These include 1) Traffic into New York Area especially 
from Texas and Florida, 2) Effects of Special Activity Airspace on East Coast and around San 
Francisco and 3) Transcontinental Flights.  

Almost all direct flights between the New York area and Florida airports would require flight 
through special use airspace. Many of the flights to East Coast and West Coast airport 
destinations involve long transcontinental flight where large values do not translate into high 
percentages. Furthermore, these transcontinental flights require much more scrutiny as the 
ideal flight would consider winds and not be limited to direct flight.   

Lastly, existing route design into the New York area does not allow for direct flights for some key 
city pairs (DFW and IAH to New York Area). This may be due to congestion caused by high traffic 
and the presence of major airports located close together. Alternatively, it may be possible to fly 
more direct to the New York area as the FAA makes continued improvements to airspace design 
and more advanced traffic flow management is implemented. 

In absolute terms, the average additional mileage in the US is higher due to the longer flights but 
in relative terms the level of flight inefficiency is lower (i.e. inefficiency per flown distance).  

Figure 5-13 also provides insight into the facilities that contributed the most to the changes from 
2013-2015. For the US, the routes that had the largest impact directly related to the airports that 
show the largest increase in traffic over this time period including Los Angeles (LAX), Seattle 
(SEA) and Dallas Love Field (DAL).  
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As traffic and the underlying network 
changed, the increase is a product of both 
increasing distance and the distribution of 
flights among the network. 

For Dallas Love Field (DAL), this was 
significant with the expiration of the Wright 
Amendment in 2014 which allowed for many 
more city-pair services to DAL. Key city pairs 
contributing to the increase for Seattle (SEA) 
include west coast traffic (SAN, LAX and SFO 
into SEA).  

Figure 5-14 shows flights tracks for the most 
popular filed flight plan (shown in blue) for 
SAN/LAX into SEA.  

Improvements to en-route design are, by 
definition, a network issue which requires a 
holistic, centrally coordinated approach. 
Uncoordinated, local initiatives may not 
deliver the desired objective, especially if 
the airspace is comparatively small.  

 
Figure 5-14: San Diego/Los Angeles to Seattle flights 

affecting horizontal flight efficiency 

In view of the fragmented European ATM system, a harmonised and well-coordinated 
implementation of initiatives aimed at improving the route network at system level is more 
difficult to achieve in Europe than in the US where only one entity is responsible for the 
optimisation of the route network. 

As technology for both aircraft and ATC has 
advanced, the need for such a rigid en-route 
structure has diminished, to the extent that 
free-route airspace (FRA) with a positive 
effect on flight efficiency would now be 
possible throughout Europe (see grey box). 
The airspace is undergoing significant 
change which requires all stakeholders to 
adapt.  

The implementation of free route airspace 
mandated by EU legislation aims at 
enhancing en-route flight efficiency with 
subsequent benefits for airspace users in 
terms of time and fuel as well as a reduction 
of CO2 emissions for the environment.  

 Free Route Airspace (FRA) Concept 

Free route airspace (FRA) is a key development with a view 
to the implementation of shorter routes and more efficient 
use of the European airspace.  

FRA refers to a specific portion of airspace within which 
airspace users may freely plan their routes between an 
entry point and an exit point without reference to the fixed 
Air Traffic Services (ATS) route network. Within this 
airspace, flights remain at all times subject to air traffic 
control and to any overriding airspace restrictions. 

Deployment is ongoing, and EU Implementing Regulation 
716/2014 (the Pilot Common Project regulation) stipulates 
that the Network Manager, air navigation service providers 
and airspace users shall operate direct routing (DCT) as 
from 1 January 2018 and FRA as from 1 January 2022 in the 
airspace for which the EU Member States are responsible at 
and above flight level 310 in the ICAO EUR region. 

By the end of 2015, the Network Manager coordinated, through the European Route Network 
Improvement Plan (ERNIP) [Ref. 20], the development and/or implementation of more than 20 
airspace improvement packages relating to various FRA projects (including Night Routes and 
direct routes (DCTs)). 

2013
2015
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Figure 5-17: Estimated average additional time within the last 100 NM (2015) 

 

 
Figure 5-18: Difference in average additional time within the last 100 NM (2015 vs. 2013) 
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Europe shows a slight overall increase in 2015. At airport level, London Heathrow (LHR) is a clear 
outlier43, having by far the highest level of additional time within the last 100 NM, followed by 
London Gatwick (LGW), Zurich (ZRH), and Madrid (MAD) which show less than half the level 
observed at London Heathrow. As seen in Figure 5-18, London Gatwick (LGW) and Dublin (DUB) 
were the two European airports with the highest increases in average additional time in the last 
100 NM in 2015. A notable decrease in additional time was reported at Frankfurt (FRA) as a 
result of the new runway.  

The US levels for average additional time held steady at 2.47 min from 2013 to 2015 with less 
contrast in additional time reported among airports. Similar to taxi-out performance, there is still 
a notable difference for the airports in the greater New York area, which show the highest level 
of additional time within the last 100 NM. A notable increase in additional time within the last 
100 NM in 2015 was observed for Boston (BOS), Dallas Love (DAL), with Seattle (SEA) airport 
having the largest impact on the system wide trend.  LAX and ORD also contributed to increases 
given the large number of operations at the airport. Similar to en-route efficiency, the increases 
are largely seen at airports with an increase in operations (SEA, DAL, LAX).  These increases were 
balanced at the system level with improvements for Ft. Lauderdale (FLL), Detroit (DTW), San 
Francisco (SFO), Newark (EWR) and Chicago (MDW) with Atlanta (ATL) contributing the most to a 
system decrease with its large number of operations. 

Due to the large number of variables involved, the direct ATM contribution towards the 
additional time within the last 100 NM is difficult to determine. One of the main differences of 
the US air traffic management system is the ability to maximise airport capacity by taking action 
in the en-route phase of flight, such as in trail spacing. Larger ATFM delay in the US also may 
indicate that much of this additional time is pushed back to the departure airport and taken on 
the ground. 

In Europe, the support of the en-route function is limited and rarely extends beyond the national 
boundaries. Hence, most of the sequencing and holding is done at lower altitudes around the 
airport. Additional delays beyond what can be absorbed around the airport are taken on the 
ground at the departure airports. 

On both sides of the Atlantic, the operations at high density traffic airports are vulnerable to 
adverse weather conditions and cause high levels of delay to airspace users. 

There is a potential trade-off between additional time in terminal airspace (additional ASMA 
time) and airport capacity utilisation. This can be observed for London Heathrow (LHR) and the 
congested US airports.  Although not quantified in this report, quantifying capacity utilisation 
and assessing this trade-off would be a worthwhile subject for further study.  However, 
benchmarking the two systems would require a common understanding of how capacity and 
throughput is measured for comparable airports. 

Complementary to the analysis of additional ASMA time in this section, section 6.2 of this report 
provides an initial comparison of vertical flight efficiency in the arrival phase between the US and 
Europe which will help to provide a more complete picture in the future.   

43 It should be noted that performance at London Heathrow airport (LHR) is consistent with decisions taken during 
the airport scheduling process regarding average holding in stack. The performance is in line with the 10 minute 
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Clearly, keeping an aircraft at the gate saves fuel but if it is held and capacity goes unused, the 
cost to the airline of the extra delay may exceed the savings in fuel cost by far. Since weather 
uncertainty will continue to impact ATM capacities in the foreseeable future, ATM and airlines 
need a better understanding of the interrelations between variability, efficiency, and capacity 
utilisation. 

Previous research [Ref. 21] shows that at system level, the total estimated benefit pool 
actionable by ATM and associated fuel burn are of the same order of magnitude in the US and 
Europe (approx. 6-8% of the total fuel burn). 

Figure 5-20 shows a summary of the operational performance on flights to or from the top 34 
airports in the US and in Europe for four of the key indicators addressed in more detail in the 
previous sections of the report.  

  

  

Figure 5-20: Evolution of operational performance in US/Europe between 2008 and 2015 

Building on the results shown in Figure 5-20, Table 5-3 summarises the current best estimate of 
the ATM-related impact on operating time. Actual fuel burn depends on the respective aircraft 
mix (including mix of engines on the same type of aircraft, operating procedures) and therefore 
varies for different traffic samples.  

For comparability reasons, the estimated benefit pool actionable by ATM in Table 5-3 is based on 
the assumption that the same aircraft type performs a flight of 450NM in the en-route phase in 
the US and the European ATM system (see also grey box for more information).  
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When broken down by TMI type, 68% of the rerouting and level capping TMIs are for level 
capping (FL), 30% for rerouting (RR) and only 2% are for alternative routing (AR). The average FL 
duration (2.3 hrs/TMI) is significantly shorter than the average RR duration (3.8 hrs/TMI) and the 
average AR duration (4.7 hrs/TMI). 

6.1.5 US/EUROPE COMPARISON OF TMI-L2 (DELAY TMIS ONLY) 

Figure 6-4 visualises the application of ATFM TMIs (TMI-L2) in the US and Europe. For 
comparison purposes, all values have been normalised to index 100 for Europe, meaning that 
the US values show the relative magnitude compared to Europe. The remainder of the section 
explains the differences in terms of absolute values. 

 
Figure 6-4 US/Europe comparison of TMI-L2 (delay TMIs only) 

TMI-L2 generates 10.8 million delay minutes in the US, and 9.3 million delay minutes in Europe: 
12% more delay for 56% more total traffic (15.3 vs 9.8 million flights), which corresponds to 0.71 
minutes reportable delay per flight in the US, vs 0.95 in Europe. When interpreting these 
numbers please bear in mind that this only covers ATFM delay (TMI-L2) of flights delayed by 15 
minutes or more, and does not encompass certain other delay such as TMI-L3 in Europe for 
which no data was available. 

A remarkable observation is that in the US all of this TMI-L2 delay is imposed on 178 000 Flights 
(1.16% of all flights, 61 minutes delay per delayed flight) and in Europe on 304 000 flights (3.10% 
of all flights, 31 minutes delay per delayed flight). To generate this delay, the US uses 
approximately 3 470 TMIs annually, whereas Europe uses more than seven times more (24 957 
TMIs). The average actual duration of these TMIs is 3.0 hrs/TMI in the US, vs 2.6 hrs/TMI in 
Europe (comparable, the US TMIs being only 15% longer). Relating TMI duration to the number 
of delayed flights, we observe that 17.3 flights per TMI-hour are delayed in the US, vs 4.7 in 
Europe (3.7 times more). On average TMIs in the US generate 1 054 minutes delay per TMI-hour, 
vs 145 in Europe (more than 7 times more). 
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comparability of datasets, the more detailed analyses were limited to controlled flights either 
originating from or arriving at the main 34 US and European airports. The samples are more 
comparable as this removes a large share of the smaller piston and turboprop aircraft (general 
aviation traffic), particularly in the US. Air traffic to or from the main 34 airports in Europe and in 
the US in 2015 represented some 64% of all flights. 

There are a number of differences between the two systems. In the US, the Air Traffic Control 
System Command Center - which is the equivalent of Network Manager Operations Centre in 
Europe, is in a stronger position than its European counterpart with more active involvement of 
tactically managing traffic on the day of operations.  

The US also operates with fewer airports applying schedule limitations which may lead to a 
better utilization of available airport capacity in ideal weather conditions. The analysis of 
meteorological reports suggests that weather conditions at the main 34 airports in Europe are, 
on average, less favourable than in the US. In 2015, 84.5% of the year was spent in visual 
meteorological conditions at the main 34 US airports compared to 77.8% in Europe. Europe 
shows more airports operating closer to their declared capacity with more IFR flights per active 
runway.  The US operates many airports with complex runways with highly variable capacity and 
several are operating at close to peak capacity.   For airports with more than 3 runways, US 
declared rates are in general higher than Europe. For Europe, London Heathrow, Frankfurt, and 
Paris Charles de Gaulle clearly have demand/capacity characteristics comparable to the slot 
coordinated airports in the US.  

Each system has areas that are highly impacted by Special Use Airspace (SUA), often due to 
operations of a military nature. For Europe, SUA permeates all regions and adds complexity in 
some of the most densely traveled areas of Europe. For the US, those areas are more 
concentrated, particularly in coastal regions. The impact of SUA on flight efficiency indicators can 
be clearly seen but its unique impact is not quantified in this report. 

Building on established operational key performance indicators, the second part of the 
comparison report evaluates operational performance in both systems from an airline and from 
an ANSP point of view. The airline perspective evaluates efficiency and predictability compared 
to published schedules whereas the ANSP perspective provides a more in depth analysis of ATM-
related performance by phase of flight compared to an ideal benchmark distance or time. For 
the majority of indicators, trends are provided from 2008 to 2015 with a focus on the change in 
performance from 2013 to 2015.     

Punctuality is generally considered to be the industry standard indicator for air transport service 
quality. The trend in punctuality was similar in the US and Europe between 2005 and 2009 when 
both systems reached a comparable level of around 82% of arrivals delayed by 15 minutes or 
less in 2009. Whereas in the US performance remained stable in 2010, punctuality in Europe 
degraded to the worst level on record mainly due to weather-related delays (snow, freezing 
conditions) and strikes. From 2010 to 2012, punctuality in Europe improved again and continued 
to improve in the US. However in 2013 and 2014, whereas punctuality in Europe remained 
largely unchanged, punctuality in the US saw a sharp decline. In 2015 both systems reached 
again a similar performance level due to notable improvements in the US and performance 
degradation in Europe.  

In Europe and the US, a clear pattern of summer and winter peaks is visible. Whereas the winter 
peaks are more the result of weather-related delays at airports, the summer peaks are driven by 
the higher level of demand and resulting congestion but also by convective weather in the en-
route airspace in the US and by a lack of en-route capacity in Europe. 
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Whereas in the US, en-route-related ground delays are mostly driven by convective weather, in 
Europe they are mainly the result of capacity and staffing constraints (including ATC industrial 
actions) driven by significant variations in demand in some European States during summer. At 
system level, the causes for airport-related ground delays are more similar in the US and in 
Europe. Weather is by far the predominant driver of ATM-related departure restrictions but 
Europe has also a notable share of capacity-related delays. 

ATM-RELATED OPERATIONAL EFFICIENCY (GATE-TO-GATE) 

ATM-related flight gate-to-gate efficiency is measured by phase of flight (taxi-out, en-route, 
arrival/descent and taxi-in) with reference to a benchmark time or distance.   

Taxi-out efficiency improved continuously between 2007 and 2012 in the US but deteriorated 
again by 0.5 minutes per departure between 2012 and 2015. During the same period, with the 
exception of 2010 where taxi-out efficiency decreased due to the strong winter, performance in 
Europe improved continuously at a moderate rate but also showed a slight deterioration in 
2015.  

After a notable closure of the gap between the US and Europe until 2012, the performance gap 
is widening again and in 2015 average additional taxi-out time in the US is, on average, some 1.5 
minutes higher per departure than in Europe. This is largely driven by different flow control 
policies and the absence of scheduling caps at most US airports. Whereas in Europe inefficiency 
in the taxi-out phase is more evenly spread among airports, the observed taxi-out performance 
in the US was predominantly driven by the New York airports, Philadelphia (PHL), and Chicago 
(ORD). 

Horizontal en-route flight efficiency (between a 40NM radius around the departure airport and a 
100NM radius around the arrival airport) in filed flight plans and in actual trajectories is still 
better in the US than in Europe in 2015. Overall, horizontal en-route efficiency on flights to or 
from the main 34 airports in the US is approximately 0.1% better than in Europe in 2015. 

Although the level of inefficiency in Europe increased again slightly in 2015, there has been a 
continuous improvement over the past few years in Europe which resulted in a continuous 
narrowing of the gap between Europe and the US. In view of the mandatory deployment of free 
route airspace in EU Member States by 2022, the en-route efficiency improvements in Europe 
are expected to continue over the next years.  US flight inefficiency as measured by this KPI, also 
increased slightly in the 2013-2015 time frame largely driven by airports with increasing traffic. 

Flight efficiency in both systems is affected by a number of factors including, inter alia, route 
network design, route availability, flight planning, route charges in Europe, and the number and 
location of special use airspace. The level of inefficiency in flight plan and in actual trajectory in 
the US and in Europe reveal that both in the US and Europe, airlines fly a shorter distance than 
they file. Particularly the large gap between planned and actual trajectories observed in Europe 
suggests that more direct tracks are provided by ATC on a tactical basis not considered in filed 
flight plans which improves efficiency but at the same time lowers the level of overall 
predictability in the network.  

Similar to en-route flight efficiency, the US also continued to show a higher level of efficiency in 
the last 100NM before landing. Overall, average additional time within the last 100 NM (Arrival 
Sequencing and Maneuvering Area (ASMA)) was similar in the two regions in 2008 but decreased 
in the US between 2008 and 2010. At the same time, flight efficiency within the last 100 NM 
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In Europe ATM-related departure delays are much more frequently used for balancing demand 
with en-route and airport capacity than in the US, which leads to a notably higher share of traffic 
affected but with a lower average delay per delayed flight. Moreover the share of en-route-
related TMIs in Europe is close to 50% while in the US more than 80% of TMIs are airport-related 
during 2015.  

Consequently, in Europe flights are over twice more likely to be held at the gate or on the 
ground for en-route constraints than in the US. The comparatively small amount of en-route-
related TMIs in the US are mostly driven by convective weather whereas in Europe en-route-
related TMIs are mainly the result of capacity and staffing constraints with only a smaller share 
of weather-related constraints.  

For TMIs related to arrival airport constraints the situation is different. The percentage of 
delayed flights at the departure gate or on the surface is slightly higher in the US than in Europe 
and the delay per delayed flights in the US is almost twice as high as in Europe. Most of this 
delay in the US is generally linked to weather-related constraints at a number of high density 
airports including, New York (LGA), Chicago (ORD), Newark (EWR), San Francisco (SFO), New York 
(JFK), and Philadelphia (PHL). 

Overall it can be concluded that the two systems differ notably in the way TMIs are applied. In 
the US, TMIs are used less frequently, are mostly airport- and weather-related, and affect fewer 
flights, but when they are used the delay per delayed flight is much higher than in Europe.  
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ANNEX I - LIST OF AIRPORTS INCLUDED IN THIS STUDY 

Table I-1: Top 34 European airports included in the study (2015) 

 

EUROPE ICAO IATA COUNTRY
Avg. daily IFR 
departures 

in 2015

2015 vs. 
2013

2015 vs. 
2010

Paris (CDG) LFPG CDG FRANCE 652 -0.5% -4.9%

London (LHR) EGLL LHR UNITED KINGDOM 649 0.5% 4.1%

Frankfurt (FRA) EDDF FRA GERMANY 641 -1.0% 0.8%

Amsterdam (AMS) EHAM AMS NETHERLANDS 633 5.9% 16.4%

Munich (MUC) EDDM MUC GERMANY 517 -0.5% -2.5%

Madrid (MAD) LEMD MAD SPAIN 502 10.1% -15.5%

Rome (FCO) LIRF FCO ITALY 432 4.4% -4.3%

Barcelona (BCN) LEBL BCN SPAIN 396 4.5% 4.0%

London (LGW) EGKK LGW UNITED KINGDOM 367 6.9% 11.1%

Zurich (ZRH) LSZH ZRH SWITZERLAND 353 1.1% 0.5%

Copenhagen (CPH) EKCH CPH DENMARK 349 4.0% 3.6%

Vienna (VIE) LOWW VIE AUSTRIA 332 -2.1% -8.2%

Oslo (OSL) ENGM OSL NORWAY 331 0.2% 11.1%

Paris (ORY) LFPO ORY FRANCE 321 0.3% 6.7%

Brussels (BRU) EBBR BRU BELGIUM 320 10.5% 6.6%

Stockholm (ARN) ESSA ARN SWEDEN 310 2.9% 18.4%

Dusseldorf (DUS) EDDL DUS GERMANY 287 -0.4% -2.5%

Dublin (DUB) EIDW DUB IRELAND 269 16.2% 23.6%

Berlin (TXL) EDDT TXL GERMANY 250 5.5% 16.9%

Geneva (GVA) LSGG GVA SWITZERLAND 249 2.2% 10.4%

Palma (PMI) LEPA PMI SPAIN 244 5.2% 2.1%

Manchester (MAN) EGCC MAN UNITED KINGDOM 237 2.4% 9.4%

Helsinki (HEL) EFHK HEL FINLAND 232 0.7% -0.8%

Athens (ATH) LGAV ATH GREECE 232 24.9% -9.9%

London (STN) EGSS STN UNITED KINGDOM 230 17.1% 8.9%

Lisbon (LIS) LPPT LIS PORTUGAL 227 13.7% 16.6%

Milan (MXP) LIMC MXP ITALY 220 -2.7% -17.4%

Hamburg (HAM) EDDH HAM GERMANY 206 10.0% 1.1%

Nice (NCE) LFMN NCE FRANCE 186 -3.1% 4.6%

Cologne (CGN) EDDK CGN GERMANY 172 7.2% -4.2%

Prague (PRG) LKPR PRG CZECH REPUBLIC 169 -0.9% -18.7%

Stuttgart (STR) EDDS STR GERMANY 163 4.4% -3.4%

Milan (LIN) LIML LIN ITALY 160 4.7% -1.3%

Lyon (LYS) LFLL LYS FRANCE 149 -6.6% -9.4%

Average 323 3.6% 1.5%
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Table I-2: US main 34 airports included in the study (2015) 

USA ICAO IATA COUNTRY
Avg. daily IFR 
departures in 

2015

2015 vs. 
2013

2015 vs. 
2010

Atlanta (ATL) KATL ATL United States 1197 -3.3% -7.6%

Chicago (ORD) KORD ORD United States 1187 -1.3% -1.3%

Dallas (DFW) KDFW DFW United States 931 0.4% 4.5%

Los Angeles (LAX) KLAX LAX United States 878 5.1% 13.8%

Denver (DEN) KDEN DEN United States 749 -6.9% -14.0%

Charlotte (CLT) KCLT CLT United States 737 -2.7% 3.0%

Houston (IAH) KIAH IAH United States 685 -0.8% -7.0%

New York (JFK) KJFK JFK United States 601 8.0% 9.4%

Phoenix (PHX) KPHX PHX United States 595 -0.1% -3.1%

San Francisco (SFO) KSFO SFO United States 580 1.3% 11.6%

Las Vegas (LAS) KLAS LAS United States 568 2.4% 2.3%

Miami (MIA) KMIA MIA United States 566 4.8% 9.7%

Philadelphia (PHL) KPHL PHL United States 562 -5.1% -8.5%

Newark (EWR) KEWR EWR United States 559 -0.9% 1.0%

Minneapolis (MSP) KMSP MSP United States 552 -6.6% -7.5%

Detroit (DTW) KDTW DTW United States 519 -10.9% -16.6%

Seattle (SEA) KSEA SEA United States 516 20.1% 21.0%

Boston (BOS) KBOS BOS United States 514 3.9% 2.8%

New York (LGA) KLGA LGA United States 498 -2.1% -0.5%

Orlando (MCO) KMCO MCO United States 428 5.4% -0.2%

Washington (IAD) KIAD IAD United States 401 -11.1% -19.4%

Washington (DCA) KDCA DCA United States 399 0.2% 7.4%

Salt Lake City (SLC) KSLC SLC United States 388 -1.1% -13.2%

Ft. Lauderdale (FLL) KFLL FLL United States 365 9.9% 3.6%

Chicago (MDW) KMDW MDW United States 330 -0.7% 3.6%

Baltimore (BWI) KBWI BWI United States 326 -5.2% -11.2%

Memphis (MEM) KMEM MEM United States 296 -6.5% -36.0%

Dallas Love (DAL) KDAL DAL United States 288 23.5% 28.6%

Portland (PDX) KPDX PDX United States 281 0.8% -7.6%

San Diego (SAN) KSAN SAN United States 264 3.3% 2.5%

Houston (HOU) IHOU HOU United States 255 -1.3% 7.9%

Tampa (TPA) KTPA TPA United States 252 3.1% -1.4%

St. Louis (STL) KSTL STL United States 250 -2.2% -0.8%

Nashville (BNA) KBNA BNA United States 241 4.0% 4.9%

Average  522 -0.1% -1.6%
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TMI Traffic Management Initiative 
TMR Traffic Management Review (US) 
TMS Traffic Management System 
TMU Traffic Management Unit (US). TMUs use TFMS workstations to participate in traffic 

flow management. They are located at Air Route Traffic Control Centers (ARTCCs), 
Terminal Radar Approach Control (TRACON) facilities and large/stand-alone Airport 
Traffic Control Towers (ATCTs). 

TOS Trajectory Option Set (US) 
TRACON Terminal Radar Approach Control 
TSA Temporary Segregated Area (Europe) 
TSD Traffic Situation Display (US) 
TV Traffic Volume (Europe) 
TWR Tower 
UAC Upper Airspace Area Control Centre 
UIR Upper Information Region 
US United States of America 
US CONUS The 48 contiguous States located on the North American continent south of the border 

with Canada, plus the District of Columbia, excluding Alaska, Hawaii and oceanic areas 
UUP Updated Airspace Use Plan (Europe) 
VFR Visual Flight Rules 
VMC Visual Meteorological Conditions 
XMAN Cross-border Arrival Management / Extended Arrival Management (Europe) 
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21  Performance Review Commission (May 2013).  An Assessment of Air Traffic Management in Europe 
during the Calendar Year 2012: Performance Review Report.  
https://www.eurocontrol.int/sites/default/files/publication/files/prr-2012.pdf. 
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