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Abstract :
The Eurocontrol Experimental Centre (EEC) and National Air Traffic Services Limited of the
UK (NATS) have independently addressed the issue of measuring the level of service through
analysing air traffic complexity.  They adopted different approaches:

• NATS has estimated ATS output i.e. the service provided;
• The EEC has estimated the production process, specifically the ATS workload

involved in delivering the service or output.

Their results have been combined to produce this report.
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Abbreviations

ARNV3 ATS Route Network Version 3
ACC Area Control Centre
ATC Air Traffic Control
ATS Air Traffic Services
CFMU Central Flow Management Unit
EEC Eurocontrol Experimental Centre
FL Flight Level
NATS National Air Traffic Services LTD
PC Planning controller
PRC Performance Review Commission
PRU Performance Review Unit
RVSM Reduced Vertical Separation Minima
TC Tactical controller or Terminal Control
RAMS Re-organised ATC Mathematical Simulator
UAC Upper Area Control Centre
LAC Lower Area Control Center
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1 Introduction

As Air Traffic Service (ATS) providers become more formally regulated - with some
providers being commercialized or privatized – regulators will seek to define, measure and
benchmark ATS performance.  The Eurocontrol Performance Review Commission (PRC)
has already started to do so.  Benchmarking will set standards for efficiency that will
promote best practice amongst ATS providers and through this deliver best value for
money to the airlines.

The PRC issued its first Performance Review Report (PRR 1) in June 1999, examining
three key performance areas – safety, delays and cost effectiveness.  PRR1 initially
considered National Unit Charges as a means of comparing ATS cost effectiveness.
However, it noted that these are not a good indicator of performance as the charging
formula includes aircraft weight, which reflects an ‘ability to pay’ rather than the service
received, and hence distorts the rankings.  As a minimum therefore, the weight term should
be excluded, leaving a metric dependent on distance.

However, distance alone is not sufficient since it does not take account of service intensity,
which varies with airspace complexity.  Clearly, the amount of service to an aircraft
increases as the airspace environment becomes busier.  Hence, the notion of the level of
service delivered, including complexity, is fundamental to any objective comparison of ATS
provider cost effectiveness.

Other explanatory factors such as economies of scale, phasing of the investment life-cycle,
input prices etc. may all need to be considered when assessing cost effectiveness.
Furthermore, any inconsistencies in exchange rates and the degree of cost recovery must
be taken into account.  However, this report confines itself to the development of a metric
for the level of service delivered.  It does not consider the other explanatory cost factors.

In seeking how best to measure the ATS product or service one might focus on the input,
production or output stages of the ATS process, as illustrated below in Figure 1.1.

    P R O D U C T I O N  P R O C E S S
T a c t i c a l  c o n t r o l

C O S T  F A C T O R S
I n p u t  c o s t s

E c o n o m i e s  o f  s c a l e
e tc .

S E R V IC E  C O S T S

P R O D U C T I O N  T E C H N O L O G Y
L e v e l  o f  a u to m a t io n

C o n t r o l  te c h n iq u e s  e tc .

I N P U T S
O U T P U T S

Q u a n t i ty  &
Q u a l i t y  o f  A T S

Figure 1.1: ATS Process

The Eurocontrol Experimental Centre (EEC) and National Air Traffic Services Limited of the
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2

UK (NATS) have independently addressed the issue of measuring the level of service
through analysing air traffic complexity.  They adopted different approaches:

• NATS has estimated ATS output i.e. the service provided;
• The EEC has estimated the production process, specifically the ATS workload

involved in delivering the service or output.

Their results have been combined to produce this report.

The data used is described in Section 2.  NATS’ method and results are explained in
Section 3, with the EEC’s in Section 4.  A comparison between the two is made in Section 1
and Section 0 contains the conclusions.
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2 Data

2.1 Selection of the traffic sample
Air traffic statistics were taken from a week in March 1999 (after the implementation of a
new route structure - ARNV3 - and before the emergence of the Kosovo crisis).  Traffic
flows were found to be reasonably stable from one day to another.  The day with the best
correlation to the average for the week - 15th March - was then selected to support both the
NATS and EEC analyses.

Traffic in southern Europe tends to be more seasonal than that in northern Europe,
displaying a significant peak in summer months.  The impact of using March (i.e. winter
pattern) traffic data in this analysis was tested by comparing the distribution of traffic by
State on 15 March 1999 with the distribution for 1999 as a whole.  As one might expect, the
March data tended to understate traffic for some European States, particularly southern
ones such as Italy, Spain and Greece.  However, the differences did not appear to be of a
sufficient scale to have a significant impact on the analysis.  Nevertheless, further work on
complexity in the future could address this issue in more depth.

Basic information came mainly from the flight plans submitted by airspace users to the
Central Flow Management Unit (CFMU).  The traffic flows arising from this, numbering
some 25,000 movements during the day, are illustrated in Figure 2.1.

Figure 2.1: Traffic Flows 15/3/99
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2.2 Data Manipulation

The production of appropriate data for density and complexity analysis required the
development by the EEC of a new tool called Woodstock (Wide Object-Oriented Data
Standard Traffic Observable Complexity Knowledge).  This model’s inputs consist of flight
plans, ACC configurations (e.g. sectorisation at different times of the day) and a
geometrical description of ACC structures (e.g. lists of waypoints and navaids).  Outputs
are given per airspace volume, ACC and State on hourly and daily bases:

• Traffic counts
• Traffic density
• Number of sector entries per flight
• Number of conflicts
• Measures of flight level changes
• Average distance flown per flight
• Traffic distribution by aircraft type
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3 ATS Output Approach and Results (by NATS)

3.1 Introduction

The intrinsic function, or output, of ATS is to expedite a flight so that it is safely separated
from other traffic, both generally within the airspace and when being sequenced around
airports.  The level of ATS therefore varies in proportion to the amount of separating
required i.e. it varies with traffic density.

In addition, ATS provides some service irrespective of separation and density.  This so
called ‘base’ is a composite of an information service – giving meteorological conditions,
airport status, facility availability, etc – together with a route monitoring and alerting service
should the aircraft require assistance.  Thus:

Service Output = Separation Service + Base Service

3.2 Methodology

The level of separation service a flight needs depends on the amount of potentially
conflicting traffic around it i.e. on the density of the traffic environment.  The density of an
airspace region can be thought of as the average of the density encountered by each flight
within it independently of the ATS imposed route structure.  However, it was impractical to
calculate density for individual flights; it depends on the number of flights, their requested
routes and profiles, times of entry to the airspace etc, and would require detailed simulation
to model, which was beyond the initial scope of this work1.  A surrogate measure was
therefore needed for the density of the airspace as a whole.

Average traffic density can be used as this surrogate provided that the traffic distribution is
reasonably uniform across an area.  Clearly, traffic density is three-dimensional and has to
be considered per flight level.

Aircraft in climb or descent can be thought of as effectively occupying positions on (at least)
two adjacent levels.  Since they also need separation to be assured on subsequent levels -
if this were not so, climb or descent clearances would have to be limited to the next flight
level only - an aircraft in climb or descent has therefore been counted as occupying three
level flights2.

Thus, Density =
Traffic Count

Volumeof Airspace
(% Level Traffic 3 %Climband Descent Traffic)× + ×

in areas where traffic density is relatively uniform.

To estimate density for larger regions such as Area Control Centres (ACCs) or States
                                               

1 The simulation model described in Section 4 might be able to form a framework for such a model if
required in the future.
2 This simple assumption could be refined in a further analysis.
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which contain areas of very different density, a weighted average is needed of the densities
of small, homogeneous sections of airspace.  With each section’s density weighted by the
proportion of traffic passing through it, the metric becomes:

Density of ACC or State = 

(Density TrafficCount )

TrafficCount

i i
i

i
i

×∑
∑

where i denotes the sections of airspace.

Counts were produced by the Woodstock model described in Section 2 for 30 minute by 30
minute latitude/longitude sections of airspace from the 24 hour data. The traffic count for a
section of airspace was divided by its area, given that the area of a 30’ x 30’ section differs
with latitude.   The count was also multiplied by the climb and descent factor i.e. % Time in
Level Flight + 3 x %Time in Climb or Descent for that section of airspace.

In order to increase precision in the density estimates and to obtain meaningful results for
ACCs covering airspace of only a limited range of height, the airspace was classified into
lower and upper airspace, divided at different points between FL200 and FL300.  The
results would be sensitive to the precise height of this split so ten divisions were made and
the results averaged to reduce bias. Traffic counts were converted to densities by dividing
by the ‘depth’ of airspace over which the traffic is spread.  Within controlled airspace, traffic
generally flies between FL60 and FL430.  Hence, these were taken to be the lower and
upper bounds3.  It is worth noting that, prior to RVSM, larger separation standards in upper
airspace mean that some flight levels are unavailable, thereby concentrating traffic into a
smaller volume.  However, this has been deemed an effect of ATC ‘rules’ and not inherent
within the ‘natural’ (i.e. unconstrained) traffic pattern.

3.3 Results

The densities of Europe’s ACCs have been calculated on this basis, with the values
normalized with respect to the lowest, which is Malta ACC i.e. with Malta having a density
of 1.  The results are shown in Figure 3.1.

The range of the density values is approximately 46:1. The densest ACCs are all in lower
airspace and cover the regions surrounding Europe’s busiest airports.  The most dense of
all is London Terminal Control (TC), with two very busy airports in Heathrow and Gatwick
coupled with one of the highest proportions of climbing and descending traffic.  This is
followed by Brussels, which, in addition to being placed over Brussels airport, handles
many flights climbing out of and descending into the surrounding airports of Amsterdam,
London, Paris and Frankfurt.  The next two ACCs of Frankfurt and Dusseldorf again lie
above busy airports.

                                               
3 A further refinement could be to reflect the actual height distribution if its spread – and hence vertical
density –  varied significantly across Europe.
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Figure 3.1 : ACC Densities Relative to Malta

The next band of ACCs are predominantly upper airspace centres or those extending over
all levels in the core European airspace, such as Karlsruhe, Maastricht and Paris.  It is to
be expected that these will have such high densities since, in addition to lying in the vicinity
of busy airports which will affect their lower levels, their upper airspace contains heavy
traffic flows.

Traffic density was calculated for States in the same way as for ACCs and again expressed
relative to Malta. The results are shown in the lighter shaded bars in Figure 3.2.  Note that
Maastricht airspace was assigned to the relevant ‘parent’ states of Belgium, Germany and
the Netherlands - so as to be comparable with user charges for these States.

Belgium is shown to have the densest airspace, about 50% higher than the next group of
States – UK, the Netherlands, Germany and Switzerland.  States such as Germany and the
UK contain areas of very dense airspace but they also contain relatively less dense
regions.  In contrast Belgian airspace is consistently dense.  As noted earlier, this analysis
is based on March traffic.  During the summer, various southern States (e.g. particularly
Spain and Greece) would be expected to show higher density, as indeed might France.
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Figure 3.2 : State Densities

As noted above in 3.1, Service Output = Separation Service + Base Service.  Density is a
direct measure of the level of Separation Service delivered but as yet there is no measure
of Base Service.  With no direct means of measuring the level of ‘base’ service, the
approach taken has been roughly to scale it vis-à-vis the separation service.  The ‘base’
service is treated as a uniform underlying service across Europe, which may constitute a
substantial proportion of total service in low density airspace, but becomes progressively
minor as density grows.  The higher the value of the base service, the smaller is the range
in overall service levels.

By way of illustration, a base service level equivalent to the amount of separation carried
out in Greek airspace was added to each State’s service metric value.  The result is shown
in the darker shaded bars in Figure 3.2.  Although the ordering obviously stays the same,
the service metric range between densest and least dense State changes from 30:1 to 8:1.
This is important when comparing output and production results in Section 5.
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3.4 Possible Refinements

The methodology described above provides a surrogate measure for ATS output based on
traffic density.  However, the potential is acknowledged for other factors to increase the
accuracy of the measure of separation service.

For example, adding factors for speed and crossing traffic could have a significant effect.
Traffic proximity in a given time depends also on relative velocity.  Hence, flights on
crossing paths contribute more to the density of the region than in-trail flights.  Where the
resolution of crossing traffic is achieved through flights changing level to avoid conflicts,
this is recorded already in the climb and descent proportion and hence is taken into
account.  Where it is achieved by tactical vectoring, it is beyond the limits of this simple
analysis, but a factoring in of a ‘crossing index’ could form part of subsequent refinements.
Taking account of the higher speed of traffic in upper airspace might lessen the differences
in recorded density in comparison with terminal areas.

Another (minor) refinement would be to calculate the metric for 1-hour periods during a day
to make the maximum and average density explicit.
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4 ATS Production Approach and Results (by EEC)

4.1 Introduction
This chapter addresses the issue of complexity modelling by investigating the production of
Air Traffic Services as a process composed of a set of activities.
• The aim is to produce a methodology that shall capture the relevant components of the

air traffic complexity, independently of the local equipment, procedures, and size of the
control areas.

• The results shall contribute to a better understanding of the discrepancies observed
between the Air Traffic Service Providers as far as capacity, productivity and costs are
concerned. However, we do not aim at assessing the “effectiveness” of the airspace
structure (organisation of flows and sector splitting), which is taken in its current state.

4.1.1 Assumptions
The route network and the airspace sectorisation are considered to be significantly
optimised over all of Europe, or at least managed with some rational strategies. Even if all
ATS providers did not reach the same degree of refinement in the airspace organisation,
we believe that our assumption has a limited impact. First the ARNV3 route network has
been organised at the European level and is not a simple juxtaposition of individual
strategies. Second, we can reasonably think that the airspace sectorisation takes into
account real constraints and that ATS providers do not multiply the number of sectors for
the sake of it.

4.1.2 Problematic
All else equal, the complexity should have a direct and quantifiable impact on the
controller’s workload, and thus on the ACC productivity. A standardized measure of
workload should then allow us to see the differences in time and space of the required
service intensity. Therefore, we will use in this chapter the ACC relative workload as a
proxy for complexity measurement.

Traffic Flows

Controller tasks

Workload

Capacity

Traffic

W orkload

Heavy Workload Threshold

High Capacity
Traffic

W orkload

Heavy Workload Threshold

Low Capacity

High Technology Low Technology

HIGH COMPLEXITY
• Conflicts 
• Vertical evolutions 
• Coordination workload 
  due to density 

LOW COMPLEXITY
• Conflicts
• Vertical evolutions
• Coordination workload
  due to density

Figure 4.1: Overview of the production process
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4.2 The controller workload

As our methodology heavily relies on workload measurement a brief description of the
RAMS simulator is given.

4.2.1 RAMS – ATC workload model

RAMS stands for Re-organised ATC Mathematical Simulator. It is an integrated ATC
simulation environment, which has been developed in the Eurocontrol Experimental Centre
to assist ATC operational staff in modelling and analysing ATC systems.

Actually, RAMS is an “ATC event generator that reports its discrete events, or triggers,
thereby enabling the modeller to program a unique set of activities, including user-defined
sets of ATC tasks and ATC participants as required, to perform a simulation study”. (Ref.
/1/)

The set-up of a simulation requires:

• A precise description of the simulated area, with a complete list of navaids, a definition
of the sector boundaries, airport location, etc…

• The selection of a representative traffic sample, with the list of all flights passing
through the simulated airspace and the associated flight plans.

• All the simulation parameters (control procedures and techniques) have to be agreed
by the client to reflect realistic working conditions. Each predefined task is weighted by
a time in seconds relative to its complete and intrinsic execution.

Once the model is set up, the controller workload can be computed based on simulated
sequences of discrete events:

• The flight transits an ATC sector.
• Various events can occur (sector entry, new flight level reached, conflict found…) and

trigger an ATC task.
• Each task is allocated to the planning or tactical controller (or both), according to the

sector manning and the duties specified for each sector.
• Finally, RAMS calculates the actual working time for each working position, and the

percentage loading (over certain periods) on each position.
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The following illustration gives an example of the different types of task occurring while an
aircraft transits a sector.

BAW2288
B757
EGLL LTBA
FL370

Flight Profile

Navaid1 Navaid2 Navaid3

Planning Coordination
Planning Conflict Search

Flight Data
Management

R/T Communication (1st call)
Tactical Conflict Search

Control sector

Extended boundary (Tactical Control Window)

Coordination

R/T Communication
(handoff)

Flight Data
Management

Figure 4.2: Example of RAMS tasks

Flight Data Management: includes tasks of loading, preparing and discarding flight
progress strips, etc., and also includes computer updates.
Co-ordinations: records co-ordinations between centres (external) and between sectors of
the same centre (internal).
Conflict Search: Before issuing clearances, the controllers search their data to ensure that
the action does not jeopardise separation.
Routine R/T: includes all the radio communication tasks (first call, last call, position report,
transmission of a new clearance, etc…)
Radar Tasks: represents the tasks of maintaining separation of aircraft by radar actions
and, when necessary, the required radar related co-ordinations with adjacent sectors.

Finally, RAMS can compute controller percentage loadings (percentage of time within one
hour fully dedicated to ATC tasks). The peak one hour or peak three hours are then used
to compare the efficiency of the simulated alternatives (airspace design, test new
procedures, etc.). RAMS is a complex tool capable of modelling an ATC system in great
detail, however, although able to model large airspace volumes (5 States, CEATS), it will
need further development before it can perform microscopic studies of the complete
European Area.

Therefore we developed a simplified formula of the controller workload. The aim and
constraints are:
• to be able to isolate the main workload drivers
• to be able to compute the necessary parameters for all of Europe
• to lose as little accuracy as possible compared to RAMS



EEUURROOCCOONNTTRROOLL  EExxppeerriimmeennttaall  CCeennttrree
PPeerrffoorrmmaannccee  aanndd  EEccoonnoommyy  RReesseeaarrcchh  --  PPRRFF

EEC: Air Traffic Complexity, Potential impacts on Workload and Costs

E    C     O     N     O     M     Y

P  E  R  F  O  R  M  A  N  C  E

PRF
1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200

0.9 0.95 1 1.05 1.1 1.15 1.2

13

4.2.2 Simplified formula

The simplified model states that the workload generators can be grouped in three main
families.
The fact that an aircraft is flying requires a certain amount of routine workload for the
controller, such as radio contact, etc. Then as the aircraft wants to reach a given flight
level, the climb and descent will need to be monitored. Finally, as several aircraft are
using the airspace resources at the same time, the potential conflicts are also to be
monitored.

Thus, an estimate of the workload can be obtained with the following formula:

WORKLOAD = Workload for routine tasks
+

Workload for climb and descent monitoring
+

Workload for conflict monitoring

To be more precise the workload depends both on equipment (task duration) and
complexity (task occurrence).

• Task Durations: The model uses ω Cro, ω Vert, and ω Conf , which are respectively
standing for the times needed to execute the routine task, the clearance delivery, and
the conflict resolution.

• Task Occurrences: The model uses n Cro, n Vert, and n Conf , which are respectively
standing for the occurrence of the routine task, the clearance delivery, and the conflict
research/resolution.

To be consistent, the task occurrence data is normalised to 100 km flown, so that the
complexity measurement is independent of the size of the ACC. The n’s are thus giving the
average number of sector entries, vertical movements and conflicts for 100 kilometres
flown within the ACC.

WL = ωR * nCros + ωVert * nVert + ωConf * nConf.

No. of conflicts
No. of flight

levels crossed
No. of sector

entries

WL / conf.WL / vert.WL / Rout.

Figure 4.3: Simplified workload formula
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• The number of sector entries within a centre will depend on the density of traffic. As the
demand is getting closer and closer to the maximum workload deliverable by a team of
controllers, the area can be split into smaller sectors, to redistribute the workload on a
higher number of controllers.

• The number of flight levels crossed will reflect the extra workload occurring because of
vertical evolutions. As an aircraft is climbing or descending, the controller has to check
several different flight levels, thus increasing his workload.

• The number of conflicts is also related to the traffic density. Solving a potential loss of
separation between two aircraft can generate a cascade of reactionary tasks.

4.2.3 Validation of the formula

The validation is performed for 5 different ACCs, both at the sector and centre level.
The validation aims at:
• Generating input values for the tasks duration (omegas)
• Testing the accuracy of the simplified formula for absolute values of workload.
• Testing the accuracy of the simplified formula for the dynamic variations of workload

during the day.

The table below describes the main steps of the validation, and highlights the differences
between RAMS and the simplified formula.

RAMS link FORMULA
Choice between an unlimited number of
tasks. Possible adjustments to specific
needs.

Grouped 3 tasks

Tasks shared between 2 controllers No distinction

Specific time per task Weighted
average

Average time of each of the 3 tasks

Count the occurrence of each task Not needed
Count the number of sector entries = number of sector entries
Count the number of FL crossed = number of FL crossed
Count the number of conflicts = number of conflicts

Simulation WL = Σ task i x duration i

RAMS workload per hour for one day ? Formula workload per hour for
one day

Table 4.1: Validation process

Results for tasks duration:

In the formula, the computation of time per sector entry, per clearance, and per conflict
requires allocating the RAMS tasks into those 3 groups. As some tasks can correspond to
more than one group, it was necessary to share their execution time, and RAMS experts
did this.
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Time workload per
sector entry (sec)

Time workload per
6000ft of vertical
evolution (sec)

Time workload per
conflict (sec)

Marseille ACC 60 11 84
Prague ACC 61 30 93
Sofia ACC 101 20 93
Varna ACC 102 13 115
Warsaw ACC 60 08 89

Table 4.2: Task duration

The time for executing a control task depends on the sophistication of the equipment, but
also on the procedures (the way the equipment is used).

Results for workload accuracy:

Using the occurrences of the three tasks, counted by RAMS, we compute the resulting
workload with the formula for a one-day traffic sample. Finally, we compare this
measurement of workload with the workload computed by RAMS when it uses all possible
parameters.

The comparison is made on an hourly basis for one day. The following pictures give an
example of the evolution of the total ACC workload (in minutes). We can see that both the
variations of the workload through time and its absolute estimation are well reproduced by
our model.

Prague ACC
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Figure 4.4: Comparison of workload (RAMS / Simplified formula)

Conclusion:
It is possible to model the changes of complexity due to the modification of the traffic
complexity, even with a simplified expression of the equipment sophistication and of the
controller’s tasks.
The positive results of the validation can be attributed to:
• The facts that the 3 complexity factors (co-ordination, clearance, and conflicts) are

really relevant components of complexity.
• The efficient collaboration of the RAMS experts who were able to allocate and to weight

properly the RAMS tasks duration into average times usable in the formula.

The problem will now consist in generating the complexity parameters (n’s) for all the
European ACCs.
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4.3 Complexity factors

4.3.1 Routine tasks

Traffic is counted both in the ACC and each of its control units (elementary or collapsed
sectors, depending on the configuration). A flight enters a given area if it spends at least
1 minute there. The average number of sector entries is then simply the sum of the control
unit’s traffic, divided by the ACC traffic.

Figure 4.5 : Routine tasks
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4.3.2 Climbs and descents

The absolute values of level differences throughout the path of each flight over the ACC
are summed; the result is then expressed in clearances (one clearance for 6 flight levels
(6000 ft)), in accordance with RAMS settings.

Figure 4.6 : Climbs and descents
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4.3.3 Conflict detection and resolution

Woodstock uses, for the time being, a simplified model of an airprox. For a given pair P1,
P2 of aircraft, P1 comes in conflict with P2 if it enters a vertical cylinder centred on P2
within a chosen time window.

Typical settings are radius 6 N.M. and height 2000 ft for the cylinder, 1 min. before and
after for the time window.

Of course, a controller reacts differently when seeing a head-on or along-track closing, for
instance, but this model fits our purpose:
• First, these settings allowed a reasonable comparison with the RAMS count of its

conflict events.
• Second, what we need is more a correct relative (proportional) measure of the number

of closings occurring in several ACCs, again checked with the help of RAMS. Third,
these simplifications reduced the running time for a full day over the whole ECAC zone
enough to allow a number of experiments with the settings.

Figure 4.7: Conflicts
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4.4 Definition of a complexity indicator

4.4.1 Different possibilities

Idealy, a good indicator should allow for a measurement of intrinsic complexity,
independent of equipment sophistication, traffic volume, or size of the controlled airspace.
The table below lists the different possibilities of workload indicator that are offered by the
simplified formula.

Workload
ACCi

Sector entry
occurrences

Time per
sector
entry

Clearance
occurrences

Time per
clearance

Conflict
occurrences

Time per
conflict

“Real”
workload Actual Actual Actual Actual Actual Actual

“Standard
complexity”
workload

Standard Actual Standard Actual Standard Actual

“Standard
equipment”
workload

Actual Standard Actual Standard Actual Standard

Table 4.3: Workload indicators

Interpretation of workload indicators:

• The “real” workload is the workload resulting from actual parameters, both for the task
occurrence and task duration. However one can compute this workload only for the
ACCs where the task durations are known, i.e. for the 5 ACCs simulated by RAMS and
used for the validation exercise.

• The “Standard complexity” workload, result of standard complexity parameters handled
with the actual equipment in use within each ACC. This indicator would help to
benchmark the efficiency of the equipment, but not the ATC complexity. Moreover it
would require an extensive knowledge of the tasks duration.

• The “Standard equipment” workload isolates the impact of complexity parameters by
using standard task duration. It gives the workload an ACC would have to cope with, if
the controllers had to work with standard equipment and procedures.

It appears that the most relevant indicator for comparing the traffic complexity of the
European ACCs is the third one. It is the only one to generate workload values independent
of the equipment sophistication. Moreover, the need for task duration data is reduced to the
definition of a standard.
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4.4.2 Definition of the standard times per task

Standard times per task will be the average tasks duration computed for a given ACC
during the validation process. An alternative solution would be to let a statistical model
compute the value for each task duration. Apparently, this method is more objective, but
first it does not give better accuracy than what we did, and second, it does not allow to
understand why a task has some or other value. Hence we granted more confidence in the
average task length computed from the list of RAMS tasks.

Then, the problem becomes the choice of the “standard ACC”. Selecting the best or the
worst equipped ACC could ease the final interpretation, one could also compute figures for
a fictive average ACC.

The choice of a reference is not completely neutral. The relative weight attributed to a task
has an impact on the final ranking. However, a sensitivity analysis based on the time
duration found for the 5 ACCs simulated with RAMS showed that the risk is rather limited.
Whenever Varna, Marseille, Sofia or Warsaw is selected to be the standard, the ranking of
complexity remains stable, with variations never higher than 4 positions.
When tasks duration for Prague, (that has a relatively high value for climb and descent
tasks) are used as standard times, the final ranking differs much more. This is particularly
true for the ACCs where the occurrences of vertical movements are relatively high.

Confidence in the values of times per task, as well as the data availability are finally the
criteria chosen to select the “standard ACC”. In the following of the report Aix-Marseille
ACC’s characteristics are used when standard values are needed. Looking at the times per
task (60 for a sector entry, 11 for a clearance, 84 for a conflict) Aix-Marseille can also be
considered to be the ACC with the most efficient equipment and procedures.
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4.4.3 Presentation of the complexity indicator (CI)

For all ACCs we can apply the following formula, which gives the workload the controllers
would have to cope with, if they had to work with standard equipment and procedures.

WLeC,i  =  60 × nCRO,i  +  11 × nVER,i  +  84 × nCON,i

To estimate the extra complexity an ACC has, compared to a reference ACC, we can
simply divide its workload relative to the same standard equipment by the workload of the
reference ACC. To be consistent, all the complexity characteristics are computed for 100
kilometres flown.

COMPLEXITY INDICATOR for an ACCi =

WLeC,ACCi  60 × nCRO, ACCi +  11 × nVER, ACCi +  84 × nCON, ACCi

   =
WLEC, Ref. ACC 60 × nCRO, Ref. ACC +  11 × nVER, Ref. ACC +  84 × nCON, Ref. ACC

Example: a ratio of 2 means that the complexity characteristics of the ACCi generate twice
more workload than the complexity characteristics of the “reference ACC”, (when both work
with the same equipment and procedures)

Standard times for task duration

Actual task occurrences
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4.5 Results

The final indicator (last column) is a ratio
proportional to the workload in Malta for
controlling an average kilometre flown.
Results have been normalised to Malta
figures in order to ease the comparison
with the density results (page 7)

Example: The workload to control a flight
over 100 kilometre in Frankfurt is 3.61
time higher than in Malta, independently
of the equipment and procedures used.

As the size of an ACC can be an
important factor (small ACCs may have
an extra workload due to the increase in
co-ordination tasks) the table shows:

• The workload per flight
• The average distance flown per flight
• The workload per kilometre

It can be noticed that in some cases the
distance flown has an important impact
on the ranking of workload per kilometre.

Very large ACCs such as Roma are at
the top of the ranking in terms of
workload per flight but fall in the average
when the workload per kilometre is
computed.

Very small ACCs such as Dublin or
Ljubljana see on the contrary their
position increasing because all the
workload per flight has to be executed in
a rather short time period.

*London TC is a Terminal Control area
and controls also en-route traffic. It is not
directly comparable to other ACCs.

Centre

Workload per 
flight controlled

compared to 
LMMM

Average
Flight

Length [km]

Workload per 
km controlled
compared to 

LMMM

London TC 1.71 85.66 7.25
Dusseldorf 1.42 112.15 4.61
Manchester 1.28 110.47 4.21
Amsterdam 1.04 96.66 3.92
Dublin 0.98 91.95 3.89
Bremen 1.60 151.08 3.85
Brussels 1.25 118.65 3.84
Palma 1.52 149.54 3.71
Frankfurt 1.42 143.30 3.61
Milano 2.10 221.87 3.44
Marseille LAC 1.02 110.17 3.39
Geneva 1.11 141.82 2.86
Oslo 1.67 218.97 2.78
Zurich 1.00 133.45 2.73
Ljubljana 0.74 99.49 2.71
Paris 1.28 174.09 2.67
Stockholm 1.25 176.57 2.58
London 1.54 221.00 2.54
Munich 1.10 165.60 2.42
Reims 1.25 191.29 2.38
Berlin 1.25 195.98 2.32
Karlsruhe 1.59 254.61 2.27
Barcelona 1.34 229.96 2.13
FYROM 0.76 131.39 2.10
Stavanger 0.86 150.95 2.08
Prague 1.13 200.29 2.05
Bodo 0.93 165.99 2.04
Vilnius 0.99 176.11 2.04
Padova 1.25 223.50 2.03
Roma 2.44 447.61 1.99
Bratislava 1.02 187.21 1.98
W ien 1.28 235.98 1.97
Rovaniemi 0.94 179.69 1.91
Copenhagen 1.17 223.37 1.91
Maastricht 1.43 274.65 1.90
Scottish 1.30 257.74 1.84
Marseille UAC 1.56 314.13 1.81
Bordeaux 1.55 313.35 1.80
Canarias 1.79 365.86 1.78
Malmo 1.22 251.88 1.76
Trondheim 0.86 180.00 1.74
Bucharest 1.38 300.34 1.68
Sundsvall 1.39 304.76 1.66
Arad 0.92 203.95 1.64
Zagreb 0.75 168.60 1.61
Madrid 1.34 308.95 1.58
Tampere 0.91 231.95 1.43
Varna 1.00 259.54 1.41
Budapest 0.98 255.42 1.40
Istambul 0.87 226.28 1.39
Brest 1.43 395.44 1.32
Shannon 1.68 466.25 1.31
Seville 1.19 335.56 1.29
Brindisi 1.28 364.92 1.28
W arsaw 1.35 384.52 1.28
Sarajevo 0.77 223.52 1.25
Lisbon 1.70 498.93 1.24
Sofia 0.92 274.25 1.22
Nicosia 1.06 324.34 1.19
Riga 0.77 249.68 1.12
Tallin 0.74 258.62 1.04
Malta 1.00 364.25 1.00
Makedonia 0.87 337.68 0.94
Beograd 0.71 356.72 0.73
Ankara 0.98 538.78 0.66
Athinai 0.86 512.23 0.61

*
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5 Comparison of Results

5.1 Comparison Between the Two Approaches

While addressing the issue of air traffic complexity, NATS and the EEC followed different
methodologies, which led to different but actually very complementary indicators. The two
approaches are comparable in the sense that they rely on a common traffic sample. The
number of flights, as well as the path described in the flight plans, is taken into account in
the two methodologies. The vertical evolution of flights (derived from the flight plan
information) is, despite being treated differently, also present in both the NATS and EEC
models.

The most significant differences lie in the two following points:
• The airspace sectorisation heavily influences the workload computed by the EEC

model. In the case of particularly low optimization of the sectorisation, the model will
compute a complexity resulting from the lack of optimization rather than a real air traffic
complexity. NATS’ density metric presents the advantage of being independent of the
airspace sectorisation.

• The flow structure (parallel flows versus crossing flows) is missing in the NATS
indicator. For the same density, different structures of the flows should normally
generate different needs for separation services. Another point (which could easily be
solved with additional work) is that the time distribution of traffic during the day is
currently not taken into account by the NATS density indicator. The EEC workload
model could capture those two elements by counting the number of conflicts resulting
from both the geographic and time distribution of traffic.

The extent of correlation between the output and production indices is shown in the
correlation matrix in Table 5.1.

Correlation matrix Output
Metric

Density Production
Metric

Sector entries
Per 100 km

Clearances
per 100 km

Conflicts
Per 100km

Output Metric 1
     - Density 1
Production Metric 0.80 0.80 1
     - Sector entries 0.78 0.98 1
     - Clearances 0.48 0.78 0.67 1
     - Conflicts 0.94 0.83 0.79 0.57 1

Table 5.1 Correlation between Output and Production Indices

As one might expect, density is well correlated with conflicts per 100 km flown.  As density
increases, the more one has to split the airspace into more sectors so that controller
workload remains manageable.  Hence, density is also well correlated with sector entries.
However, a slightly better correlation is obtained between density and the production
metric.  It follows that the output metric is correlated with the production metric to the same
extent.  Less correlation was observed between density and clearances – traffic volume is
clearly not necessarily the dominant factor in determining the extent of climbing and
descending.  The production metric is, by definition, well correlated with sector entries,
clearances and conflicts.
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On the basis of the figures shown in the correlation matrix, the following comparisons were
selected for further consideration:

• Density vs conflicts
• Density vs production metric
• Output metric vs production metric

Figure 5.1 compares density with the number of conflicts.  It can be seen that there is good
correlation for many ACCs, the main exceptions being outliers such as Amsterdam, Dublin
and Zurich.  It could be that density alone does not capture the extent of crossing traffic at
such locations.  A further possibility is that a given number of flights evenly distributed
during the day will generate fewer conflicts than those concentrated in peak hours.
Conversely, where high density is not matched by conflicts (e.g. Dusseldorf) this might be
because a given number of flights on parallel routes will generate fewer conflicts than on
crossing routes.  The overall conclusion is that density is in general a good indicator of the
number of conflicts, as might be expected.
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Figure 5.1: Density vs Conflicts

With density showing good correlation with the number of conflicts and sector entries is
density well correlated with the production metric?  Figure 5.2 shows there to be a
reasonable correlation.  Dublin, Bremen and Palma are the main outliers above the line;
Karlsruhe and Maastricht are some way below the line.  A comparatively high level of
density might arise if the traffic flows do not require a complex sectorisation – e.g. if the
flows are simple to separate and can be attributed to a small number of sectors (thereby
minimising the impact of sector entries on the production metric).
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Figure 5.2: Density vs Production Metric

Although there is reasonable correlation between the two metrics, closer examination
reveals that the same cannot be said for their ranges.  Density ranges from 1 (Malta) to 46
(London TC) but the production metric ranges from 0.6 (Athens) to 7.3 (London TC) – a
range of only 1 to 12.  However, and as discussed above in section 3.3, the output should
arguably take account of the base service provided, which is independent of density.  As an
example, the base service could be considered to equate to the separation service for
Athens, which as noted above is at the lowest end of the production metric range.  In this
circumstance the correlation would clearly be unchanged but the output and production
metrics would both range from 1 to 12, as shown in Figure 5.3.
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Figure 5.3: Output Metric vs Production Metric
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In conclusion, the analysis showed that there is good correlation between density and the
production metric.  If density is combined with an estimate of the base service to produce
an output metric, not only is this well correlated with the production metric but the two
indicators also vary in proportion to each other from ACC to ACC.
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6 Conclusions

The PRC’s PRR1 noted that complexity has to be incorporated if meaningful cost effective
metrics are to be developed.

This report has discussed two ways in which one might seek to address this issue.  Two
alternative metrics of service, one based on service output (via traffic density), the other
based on service production (via controller workload) were found to produce reasonably
consistent results.

On the basis of the consistency between the two metrics it would seem reasonable to apply
them to European cost effectiveness benchmarking.  Whilst they may not yet give definitive
results they should be able at least to give an indication of the range and ranking of cost
effectiveness.  Nevertheless, care must be taken in such comparisons and it is likely that
further analysis will be required before the parameters determining ATS provider costs are
definitively established.
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