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Abstract 
A severe shortage of air traffic controllers (ATCO) poses new challenges for air navigation services. They are 
only allowed to work in sectors where they have received certification including successful on-the-job training. 
This paper presents a method that makes it possible to aggregate the work experience of controllers in recent 
months and assess how efficiently and safely they could organize air traffic in another sector of upper airspace 
without a full traditional OJT. Rising air traffic volumes coupled with a simultaneous decline in qualified appli-
cants for the air traffic controller profession means that some sectors cannot be adequately staffed for capacity 
reasons, particularly in peak seasons with many flight movements. New ATCOs receive a widespread theo-
retical training, after which they undergo extensive on-the-job training to get a new sector endorsement. After 
successfully completing this training, they are allowed to work in this sector as a partner in a team consisting 
of an Executive and a Planner controller. They must complete several months of training in each additional 
sector or sector group in which they are to be deployed in order to obtain a corresponding endorsement. To 
maintain these unit endorsements, they must complete regular endorsement maintenance tests and accumu-
late proven working hours. These requirements would practically mean that every controller is limited to a 
specific number of sectors, as they would otherwise have to dedicate a majority of their annual working hours 
exclusively for endorsement maintenance. 
However, after completing their training and working at own responsibility in a sector, controllers should, in 
principle, be able to work safely and responsibly in any comparable sector with a much shorter training of a 
few days, maximum weeks, as most of the needed competencies have already been trained and developed. 
In order to obtain a metric for the comparability of sectors in connection with the most recent professional 
experience of a controller, a calculation rule was developed in the SESAR project IFAV3 that allows both the 
creation of an assessment vector for current experience and the mapping of these experience values to a 
sector for which a certain volume of traffic is predicted at a defined time. The developed assessment procedure 
Upper Airspace Skill Level Index (UASLI) now makes it possible to generate an estimate for each ATCO of 
how well they will cope with the expected traffic in a sector for which they have not received a full traditional 
on-the-job training. Particular challenges in the assessment are, for example, traffic loads that fluctuate signif-
icantly over time or experience gained a long time ago, which must be weighted accordingly in the index. The 
result is an individual experience-vector consisting of seventeen indices, which can now be compared with an 
expectation-vector based on the predicted traffic data for a sector and calculated using the same functions.  
An automated comparison of these vectors provides supervisors with a tool for finding ATCOs with sufficient 
experience and competence who could be deployed in the event of a temporary shortage of ATCOs to any 
sector. Additionally, IFAV3 also deals with the legal adjustments that would have to be made for the deploy-
ment of controllers in non-endorsed sectors. The results of this experience validation presented here, provide 
valuable insights into the feasibility and potential benefits of a more flexible endorsement system, its impact 
on the work of air traffic controllers, and contribute to the further development of the upper airspace air traffic 
control systems. 
 

1. INTRODUCTION 
The training and qualification of air traffic controllers 
(ATCO) is a lengthy and cost-intensive process. Worldwide, 
almost all air navigation service providers (ANSP) select 
and train their own junior staff. The selection process is a 
major challenge for both school graduates and people with 
professional experience, which more and more potential 
applicants seem unable or are unwilling to face [1]. Even for 
those who complete their training, career advancement 

remains limited. Changing a controller's place of work within 
a country is time-consuming, but is usually possible. Even 
within Europe, due to the different requirements for li-
censes, professional experience and health, it is difficult for 
air traffic controllers to move from one country to another 
[2]. Therefore, ensuring sufficient and nationwide availabil-
ity of air traffic controllers remains a major challenge for 
every national ANSP. 

This means that ANSPs in Europe [3] and North America 
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[4] are increasingly reporting a shortage of controllers, 
which leads to restrictions on supplied capacity and de-
mands, as sectors cannot be divided or even have to be 
collapsed. Especially at times of high traffic demand, this 
results in flight delays and even complete cancellations, to 
the detriment of both airlines and passengers. 

Even if ATCOs are qualified to manage one or more sec-
tors, the expansion and regular renewal of endorsements 
(sector-specific authorization within an ATCO license to op-
erate at a designated control unit or sector) is time-consum-
ing and cost-intensive. As each unit endorsement must be 
maintained through annual working hours and examina-
tions, controllers must work on the corresponding sectors 
regardless of actual traffic demand. The more endorse-
ments controllers have, the more flexibly they can be de-
ployed. However, the time required to maintain the en-
dorsements also increases, meaning that the controller can 
be deployed less frequently, which will reduce overall 
schedule flexibility at some point. 

Most air traffic services are required to cover uninterrupted 
work shifts 24 hours a day, seven days a week. The proper 
planning of a shift schedule requires the consideration of at 
least three elements. These are the specific characteristics 
of the ATCO task, physiological needs of the operator, and 
the definition of rest periods within the duty roster [5]. 
Therefore, planning the deployment of available controllers 
is a challenge, as it is not possible to perfectly match ATCO 
hours to demand [6]. This challenging situation has even 
prompted EUROCONTROL 2023 to issue a guideline for 
the deployment planning of ATCOs to avoid a permanent 
overload of ATC personnel [7]. 

In this context, determining which controllers are qualified 
and suitable for assignment to specific sectors at specific 
times becomes essential. Different approaches have al-
ready been chosen to quantify the workload of ATCOs. In 
addition to heart rate measurements [8], complexity anal-
yses of the airspaces under consideration have also been 
carried out [9] [10]. However, when considering the possi-
ble qualification of controllers for a sector with predicted 
traffic, the focus is on the work experience that a controller 
has gained in the past, rather than the performance or qual-
ity of the controller’s work in the past in various situations 
while handling traffic. On this basis, an assessment of how 
well and safely the ATCO can organize a previously un-
known sector with a certain predicted traffic load is made. 

A sustainable solution to the persistent shortage of ATCOs 
in air navigation services could be a much more flexible li-
censing of unit endorsements, which is not only based on 
the classic endorsement but also enables deployment in 
previously unendorsed sectors if controllers can record ap-
propriate work experience under different operating condi-
tions. For this approach, IFAV3 drew on the proven practice 
of airspace and workplace complexity analyses and 
adapted them to the new field of application.  

The used Smart Competency Monitoring and Minimum Re-
quired Competency Level Prediction is one of the four com-
plementary Solutions for a flexible rostering of ATCOs of 
the SESAR Working Area 1 (en-route) of the IFAV3 project 
[11]. This strategy aims to enable a unit-endorsed ATCO to 
manage sectors of a different unit (intra-ATSU), based on 
former experiences and transferable competencies (Fig. 1) 
[18]. 

 
Fig. 1: Strategy of Smart Competency Monitoring and Min-
imum Required Competency Level Prediction. 

Using application-based calculation methods, it is possible 
to assess the current work experience of ATCOs, using 
which it can be decided whether they can work safely as an 
executive or planner for short-term deployment in a sector 
for which they do not hold an endorsement. However, it 
must be considered that both the selection of criteria and 
the parameters must be adapted to each center, as different 
boundary conditions and working methods significantly in-
fluence the workload of ATCOs [12]. 

The assessment of the recent work experiences is con-
ducted by calculating the Upper Airspace Skill-Level Index 
(UASLI) for each individual air traffic controller to estimate 
the expected capabilities in a previously unknown upper air-
space sector (Fig. 2). ‘Unknown’ in this case means that it 
is a sector in which the respective controller does not have 
a regular unit endorsement and therefore has neither spe-
cial training nor accompanied an on-the-job training (OJT). 
The result is a temporal unit endorsement. 

 
Fig. 2: The principle of individual UASLI calculation for a 
temporal unit endorsement. 

A determined skill level can be based on a single measura-
ble parameter, but it can also be an index composed of sev-
eral criteria. In air traffic management, there have already 
been approaches to establish a connection between the ca-
pacity of an airspace and the workload of air traffic control-
lers using complexity analysis with equations and weighted 
parameters (e.g., [9] [13]). The approach of adapting trajec-
tories or routes according to an ATC difficulty index was 
also proposed [14]. However, there are no existing ap-
proaches that aim to comprehensively measure capabilities 
in terms of experienced scenarios in order to leverage them 
when assigning controllers to sectors based on the specific 
requirements of those airspaces. 

The temporal unit endorsement presented here is a two-
stage process consisting of a monitoring and a prediction 
part. Monitoring refers to recording and evaluating a con-
troller’s experience using historic data, which is used to es-
timate the current skill level of an ATCO.  

The prediction part is the evaluation of the required skills, 
which are based on the selected sector or sector group, the 
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expected air traffic demand, and military and weather-re-
lated boundary conditions. While prediction is based on 
flight plans, weather forecasts, NOTAMS and statistical 
evaluations, monitoring is much more complex and time-
consuming. Today, the required empirical values of air traf-
fic controllers are to a large extent not directly recorded by 
ANSPs and must be derived and standardized from other 
measured values. For this reason, this paper concentrates 
mainly on the calculation of the monitoring index and will 
only touch on the prediction part. 

This paper presents eight out of seventeen skill parameters 
that could be used to summarize the actual experiences of 
air traffic controllers conducting area control services. The 
skill-parameters can be used to assess whether and how 
they will be able to work safely and efficiently as part of a 
team in a given sector at a particular time. Additionally, five 
countermeasures are proposed to counteract negative shift 
effects caused by regular services of controllers in non-en-
dorsed sectors (Chapter 4.5). To compensate for this neg-
ative shift effect, it would also be possible to assign a 
greater weight to the experience gained in UASLI sectors. 
However, this weighting depends on the type of airspace 
and the typical tasks of the ATCOs and must therefore be 
determined individually for each ANSP. The endorsements 
for flexible rostering can be issued after a theory training 
without a full OJT and is in turn initially restricted to air traffic 
controllers’ skill sets. 

1.1. Definition of Terms  
UASLI: The Upper Airspace Skill-Level Index (UASLI) in-
troduced here is an index built from an air traffic controller-
individual experience evaluation vector with up to seven-
teen dimensions. For each monitoring parameter, there 
must be a corresponding prediction parameter which are 
compared with each other in terms of their extent. If individ-
ual parameters are missing on the monitoring or prediction 
side due to technical constraints, these parameters must be 
removed from the assessment vector. 

UASLI-Sector: An UASLI-Sector is one for which an ATCO 
does not currently have a valid traditional endorsement (but 
is nevertheless endorsed with additional conditions accord-
ing to this concept). These are operational sectors for which 
controllers did not complete an on-the-job training (OJT) in-
volving a final examination. The UASLI provides an indica-
tion of how well an air traffic controller with at least one valid 
unit endorsement could guide and safely organize the 
UASLI-Sector based on their current work experience. 

Temporal Unit Endorsement: The aim of the UASLI is to 
assess whether an air traffic controller could be issued with 
a temporary endorsement for an unfamiliar sector with a 
given predicted traffic which he/she is nevertheless able to 
operate a sector based on past work experiences. A Tem-
porary Unit Endorsement may never be issued without the 
consent of the concerned air traffic controller and the re-
sponsible supervisor. 

1.2. Constraints 
It should be borne in mind that the skill indices calculated 
here provide an indication of the current professional expe-
rience of the air traffic controllers in question. It neither as-
sesses their performance and their ability to organize an 
airspace, nor how well they guided aircraft safely and effi-
ciently [15]. Of course, some of the parameters from the 

controllers’ work considered in the concept could be used 
to make a rough estimate of performance, quality, or con-
troller performance in relation to other controllers in the 
same center. However, the calculation rules proposed and 
applied here are designed solely to translate the amount 
and type of work from the near past into a simple traceable 
index-value vector. In the operational use, each individual 
index should also be safeguarded by a limit value below 
which no approval may be given for an unendorsed sector. 
This ensures that a massive experience deficit in a certain 
field of work is masked by other experience values and thus 
remains unrecognized. 

In our approach, the exact period considered for the as-
sessment is set to 90 days in the past. However, there are 
arguments for significantly extending this to six or twelve 
months in order to be able to consider seasonal influences 
on traffic. Ultimately, the length of the period considered ret-
rospectively depends on ANSP’s data availability and the 
mathematical modeling of skill decrease (Chapter 3). 

When generating the index, no distinction is made between 
civil and military aircraft, and both are treated for calculation 
equally. In many countries, it is common practice for military 
aircraft in upper airspace outside temporary reserved air-
spaces (TRA) to be integrated into regular flight operations 
by the local civilian controllers [16]. For the calculation of 
the controller’s experience, these aircraft therefore count in 
the same way as regular IFR traffic. 

Both static and dynamic parameters are required to calcu-
late the different skill level indices. Static parameters usu-
ally refer to the properties of the airspace (sector areas, 
sector border edge lengths, etc.), while dynamic parame-
ters refer to the properties of the controllers and their recent 
activities. The influence of individual skill levels on the over-
all endorsement can be adjusted by weighting them accord-
ingly. Some of the input data are used differently in several 
skill-parameters. Sometimes they are used as a direct indi-
cator, in other places only to put correlations into perspec-
tive. All skill parameters presented here have the same 
thing in common that higher values indicate higher skills. 

The UASLI could be calculated at any time but should be 
done at least on a daily basis. In addition, it should be pos-
sible for the supervisor or the controller's staffing manager 
to recalculate the skill level indices at the touch of a button, 
so that current values are available at all times. There is no 
theoretical limit for the prediction period. However, it should 
be borne in mind that controllers' experience levels change 
every day, meaning that forecasts for future days and sec-
tors will be subject to significant inaccuracy the further 
ahead in time the task is scheduled. In addition, the accu-
racy of traffic forecasts is also reduced over longer periods 
of time and reliable weather forecasts are clearly reaching 
their limits over a period of more than five days. However, 
all parameters and evaluation criteria are designed in such 
a way that they also allow short-term planning. The most 
reliable period in which the UASLI and its forecasts can be 
used is between a few hours and around five days due to 
the availability of data and technical possibilities.  

The objective of the upper airspace skill level index is to 
provide an estimate of how much traffic an IFAV controller 
can handle in a defined period of time in a sector for which 
he or she is not currently certified and does not own a clas-
sical unit endorsement. Since the traffic forecast can always 
be subject to a time-dependent estimation error, the pre-
dicted traffic load of a sector should always be slightly 
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below the maximum traffic that can actually be handled by 
the IFAV controller as predicted by the skill value. However, 
this means that the skill value of a controller slowly de-
creases over time, as controllers in IFAV-sectors on aver-
age always handle sectors with less traffic than they have 
handled in the past and are therefore allowed to handle. For 
this reason, a Competency Requirement Flexibility proce-
dure is proposed, which calculates a buffer that is added to 
the expected traffic up to which a controller is allowed to 
work based on their current skill level. 

There are flight sectors and operational sectors. Flight sec-
tors are the smallest entity of airspace that can be worked 
separately as area of responsibility. An operational sector 
may consist of either an individual flight sector or a combi-
nation of multiple flight sectors (collapsed sectors). For the 
evaluation of skill levels, sectors are always considered in 
their smallest possible units. A sector counts as one unit if 
it is controlled by a controller team. If the same airspace is 
horizontally split into additional layers, each of these layers 
is counted separately. For example, the undivided sector 
counts as one unit, if it is divided horizontally, tree units, the 
two sub-units and the combined subunits (undivided sec-
tor), are obtained. With further subdivisions, for example an 
East/West split, finally a total of seven independent air 
space sectors is obtained. These subdivisions are illus-
trated in Fig. 3, where a single operational sector is shown 
split into Low/High layers and further divided into West 
High, West Low, East High, and East Low. It is important to 
note that each resulting unit has its own geometry and 
boundary conditions (for example capacity or volume limi-
tations due to area-specific altitude limitations, military re-
strictions or severe weather). 

 
Fig. 3; Exemplary Definition of Operational Sector and 
Flight Sector. 

A similar procedure is used when counting flights. In this 
case, callsigns that occur twice are included in the calcula-
tions as separate flights. This may result if short-haul flights 
occur twice or more during a shift or are separated in the 
data recordings by the date transition at the midnight 
change of day. The smallest time unit in which the work data 
of controllers are used are shifts per sector configuration. 
Typically, this period is understood to span from the con-
troller's start time on a day until the end of their shift on the 
same day. However, in practice, it is common for controllers 
to switch sectors during a shift, meaning that the time frame 
for the calculation is not fixed and should be adaptable. The 
duration of a shift or sector assignment can vary depending 
on factors such as the best allocation of available control-
lers to sectors, optimizing for efficiency, or resource man-
agement. As a result, the calculation period must be flexible 
and adjust according to operational needs and constraints, 
including controller assignments and sector transitions 
throughout the day. This means, for example, that handling 

a complete sector in the morning followed by handling only 
a part of that sector in the afternoon, which is separated due 
to traffic are counted as two different shifts in two sectors. 

The procedure presented here offers predictions based on 
current professional experiences of upper airspace control-
lers as to whether they can organize the demanded traffic 
in a sector safely and efficiently in a certain period of time. 
If a controller meets the predicted requirements, he or she 
may receive a temporary unit endorsement for the UASLI-
Sector. The assessment is based on the finding that the 
practice and training of air traffic controllers is necessary 
not only to improve individual skills, but also to increase 
overall operational efficiency [17]. However, it should never 
be inferred from this that a controller can be forced to take 
over a sector for which she or he have not received a regu-
lar unit endorsement inclusive a full on-the-job training. The 
controller must therefore always be free to decide whether 
she or he is confident enough to take over a sector or would 
first like to gain more professional experience. 

2. THE UASLI VECTOR 
UASLI consists of seventeen individual parameters. Each 
of these parameters can be used to assess the potential 
skill level of a controller to provide an air traffic control ser-
vice in a new and unfamiliar upper airspace sector (UASLI-
Sector) without accompanying additional OJT. However, 
there is also the option of accrediting all the proposed pa-
rameters to a single value. This is usually done by adding 
them together. However, as the individual skill parameters 
have different ranges and the final result therefore reacts 
with different sensitivities to parameter differences, each 
skill parameter should be preceded by a weighting factor 
when summing up. So, it is possible to use a weighted sum-
mation formula to add up all individual indices to an overall 
index LC: the skill-level of controller C, n as number of skill 
parameters, ax as weighting factor of skill x, and Bx is the 
skill x: 

஼ܮ = ෍ܽ௫ ∙ ௫ܤ

௡

௫ୀଵ

 

In total, seventeen parameters have been used when cal-
culating the skill level [18]. As they are based on measured 
values with different dimensions, they must be leveled for 
indexing and weighted according to their importance. An-
other option would be to assign greater weights to the ex-
perience gained by ATCOs in non-conventionally endorsed 
sectors, regardless of the parameter. The seventeen con-
sidered individual skill parameters are Sector Structure and 
Area, Working Time, (experienced) Traffic Diversity, Actual 
Regular Unit Endorsements, Entry-Exit Altitude Differ-
ences, Radar-Support-System Handling Time, Intersection 
Complexity, Military Airspace Restrictions, Experiences in 
Neighboring Sectors, Sector Occupation, Professional Ex-
perience, Radio Contact Times, Communication Events, 
Simulator Practice Time, Transition Time, Number of Verti-
cal to Horizontal Movements, and Weather Handling, 

3. CONSIDERING THE DECREASE OF SKILLS 
The calculation of a skill-level is based on various criteria 
depending on the skill in question. This includes the fre-
quency, but also the time period in which it was used. The 
longer ago it was used, the less influence it should have on 
the index values. In cognitive research, there are two fun-
damental differences in the way knowledge and memory 
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are viewed. On the one hand, there is short-term memory, 
which stores information such as telephone numbers or ad-
dresses. However, the information stored and “learned” 
here is quickly lost, so that within a very short time only a 
fraction of the original information can be retrieved [19]. The 
situation is different with trained knowledge. This includes 
intensively learned skills such as riding a bike, swimming, 
playing an instrument, or mastering a craft. Based on a con-
sideration of applications of 90 days, this means that only 
the use cases of the last three months are included in the 
calculation.  

The weighting factor for individual skills and their applica-
tion in the index calculation should decrease over time, as 
it can be assumed that the influence of experiences is 
slowly decline if they are not applied. In addition, it can be 
assumed that a skill acquired through application is initially 
retained before it is lost again through the process of for-
getting or its application requires more time. To take this 
context into account, the time-dependent weighting factor is 
presented as an exponentially decreasing curve. This con-
siders the fact that applied and acquired skills are almost as 
present on the following days as they were on the first day, 
but decrease significantly after a longer period of non-appli-
cation. To model the forgetting as part of the experience 
weighting, we used an adaption of the Memory Chain Model 
(MCM) [20].  

ௗݓ =
1

1 + ݁ି௞బ(ଽ଴ିௗబିௗ)
 

The constants rate of forgetting k0=0.1 and number of days 
without skill-level loss d0=20 ensure that the exponential 
progress wd after 90 days is around 13% (Fig. 4). 

 
Fig. 4: The progress of the weighting factor wd for the num-
ber of days d since last use of a skill. 

Skill levels are calculated on a weighted daily basis d. As 
controllers work in shifts and these shifts may well take 
place in other sectors with different boundary conditions on 
the same day, the shifts must be calculated individually. 
However, the weighting wd is calculated per day. In order to 
not complicate the required calculation rules unnecessarily, 
in some equations the parameters are specified on a shift 
basis s, but the surrounding summations are specified on a 
daily basis d. For the calculation, this means that the totals 
must be calculated per day, which in turn can be made up 
of one or more work shifts. For the implementation, this 
means that values for all shifts of a day are first calculated 
and then the daily index must be added together with the 
day-dependent weighting wd. 

The same calculation rules are used for the requirement 
prediction for a sector as for the experience monitoring. 
However, there is no parameter for forgetting, so that wd is 
set to one. In addition, for the comparability of monitoring 
and prediction in the integrative calculation methods 

presented, the days must be standardized, as otherwise dif-
ferent time periods would be compared with each other. If 
only the methods with maximum values are used, there is 
no need for time standardization. 

4. THE UASLI PARAMETER CALCULATION 
FOR MONITORING AND PREDICTION 

UASLI is made up of different factors, which in turn are cal-
culated using different input parameters. The parameters 
are categorized into different groups such as Traffic and 
Movement Indicators, Time Dependent Indicators, Sector 
and Area Indicators, and Qualification and Experience Indi-
cators for classification. 

Two different approaches can be used to calculate indices 
on the basis of work experience. On the one hand, it is pos-
sible to offset all experience values against each other by 
weighting and integrating them in terms of time and space. 
On the other hand, it is also possible to evaluate only the 
maximum value of each experience parameter and com-
bine them into an overall index. The advantage of the max-
imum value approach is that it is quicker to determine and 
the results are easier to understand. The drawback, how-
ever, is that many experience values and their time depend-
ency cannot be considered. The maximum value method 
therefore only allows a statement to be made that a control-
ler has had a certain experience at least once, while the 
integration method also provides indirect information on 
how often the experience was gained. 

For this reason, both methods have been developed and 
implemented in some calculation procedures. In this way, 
both indices can be determined and the ANSPs later have 
the opportunity to weigh up their advantages and disad-
vantages and decide which method for issuing temporal 
unit endorsements is better suited to their policy. 

4.1. Traffic Handling and Complexity Indicators 
The group of Traffic Handling and Complexity parameters 
includes six indicators, four of which are introduced here. 
These are the experienced Sector Occupation and its diver-
sity, the Ratio of Vertical to Horizontal Movements, the In-
tersection Complexity, and the Communication Events. 

4.1.1. Sector Occupation 
One suggested parameter is the maximum load factor (oc-
cupancy O) of the sector(s) in which controllers have 
worked so far. For this purpose, the maximum value Omax,s 
of each shift s from the last 90 days is used, divided by 100 
and then multiplied by the daily weighting factor wd. This 
results in individual values between zero and approximately 
1.2, as the maximum permissible short-term utilization of a 
sector in the upper airspace is around 115% or 120%. The 
occupancy of a sector can be considered either via the av-
erage values of the period under consideration or via the 
maximum occupancy of each sector that a controller has 
processed in the period.  

4.1.1.1. Occupancy – The Average Values Method 

In addition, the maximum utilization of a sector in a shift is 
extended by the time component of the 10%-down-time t10. 
Here, t10 describes the duration of working time in minutes 
during which the sector utilization is at most 10 percentage 
points below the highest sector utilization in a working shift 
period (Fig. 5). 
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Fig. 5: Definition of t10 10%-down-time. The period should 
refer to a working shift that a controller has completed. The 
green line describes the relative occupation of a sector over 
time. 

In this way, it possible to differentiate between working 
shifts in which the occupation of the sector only increased 
once for a short time, and shifts in which a controller had to 
work continuously at the maximum limit of the sector capac-
ity. This makes it possible to filter out short experienced 
peaks and instead show what an ATCO has experienced 
over a longer period of time as a maximum in relation to the 
declared capacity. 

The load in the latter case is of course significantly greater 
than in the former and should be reflected accordingly in the 
index: 

௖ܱ = ෍ݓௗ ∙
ܱ௠௔௫,௦ ∙ ଵ଴ೞݐ

100

ଽ଴

ௗୀଵ

 

This index OC should be determined individually for all N 
sectors a controller handled during the last 90 days, then 
added up and mathematical standardized: 

ܱ஼ =
1
ܰ
෍෍ݓௗ ∙

ܱ௠௔௫,௜,௦ ∙ ଵ଴,௜ೞݐ
100

ଽ଴

ௗୀଵ

ே

௜ୀଵ

 

The determination of Omax can be simplified to the effect that 
it is not necessary to measure occupancy continuously or 
every second within a day or shift. Instead, it is sufficient to 
divide the period under consideration into coarser units of 
five or ten minutes. To measure Omax, the day is divided into 
ten-minute intervals and the highest value for occupancy is 
determined for each of these intervals. This means that it is 
theoretically possible for a higher occupancy to be present 
for a short time within these ten-minute intervals, which is 
not recorded. However, this clustering significantly speeds 
up the detection of the maximum values. 

4.1.1.2. Occupancy – The Maximum Values Method 

Instead of considering all occupancy rates of each individ-
ual work shift during the last 90 days for OC, which reduces 
the influence of days with both particularly high and low 
loads, the maximum value of sector occupancy in the same 
period can also be used as a measure. The time in days 
that has elapsed since this maximum value occurred is also 
considered and weighted accordingly with the time depend-
ent weight factor wd: 

ܱ஼ = ݔܽ݉ ฬݓௗ ∙
ܱ௠௔௫,௦ ∙ ଵ଴ೞݐ

100
ฬ
ௗୀଵ

ଽ଴

 

If the double sum is to be avoided in the calculation rule, the 
maximum value of the last 90 days d over all N handled 
sectors can also be used for the valuation index OC instead:  

ܱ஼ = ݔܽ݉ ቤ݉ܽݔ ฬݓௗ ∙
ܱ௠௔௫,௜,ௗ ∙ ଵ଴,௜ೞݐ

100
ฬ
ௗୀଵ

ଽ଴

ቤ
௜ୀଵ

ே

 

This reduces the magnitude of the value compared to the 
other valuation measures, but this can also be leveled out 
using the scaling factor introduced above. 

When applying the Sector Occupation parameter for the 
prediction, the flight plan data must be used with the infor-
mation on the number of aircraft expected in the sector dur-
ing the period under consideration. The t10 can also be de-
rived from the planned arrival and departure times of the 
aircraft. 

4.1.2. Ratio of Vertical to Horizontal Movements 
The entry and exit situation of aircraft have a significant in-
fluence on the way controllers work in a sector. Sectors in 
which only lateral entries and exits occur are easier to or-
ganize than sectors in which upward and downward pas-
sages occur. The changes in altitude of aircraft require a 
significantly higher level of concentration to ensure the ab-
sence of conflicts as compared to almost exclusively hori-
zontal flight movements. Similarly, aircraft entering or leav-
ing a sector from above or below (vertically) also requires 
higher concentration on the part of the controllers, as the 
exact point at which an aircraft enters or leaves can only be 
roughly estimated on a two-dimensional monitor image, 
even with a lot of practice. It can therefore be assumed that 
the skill level for deconflicting aircraft in sectors with a sig-
nificant proportion of vertical passages is higher than in air-
spaces with mainly horizontal flights. 

The parameter Vc calculation therefore considers how 
many aircraft in the processed sectors left Avd or entered 
Ava it vertically upwards or downwards in relation to the total 
number As of aircraft in the sector i in the same shift s. As 
with the other skill level calculations, the number of days d 
since the last time a certain activity was performed play a 
role in the weighting wd of the influence on the result. 

௖ܸ = ෍෍ݓௗ ∙
௩௔,ௗ,௡ܣ + ௩ௗ,ௗ,௡ܣ

2 ∙ ௦,௡ܣ

ଽ଴

ௗୀଵ

ே

௡ୀଵ

 

A special feature of this equation to calculate Vc is that the 
term from the sum of the aircraft above the fractional line, 
which leave or enter the sector vertically, can be greater 
than the total number As of all aircraft during the shift. This 
is due to the fact that an aircraft can enter and leave a sec-
tor vertically and is therefore counted twice. 

The extended flight plan data of the airlines can be used 
here for the request forecast (prediction), as it also indicates 
in which sector which flight altitude is planned. Using appro-
priate database queries, it is possible to extract vertical and 
horizontal entries and exits from the flight plans. 

4.1.3. Intersection Complexity 
The number of intersecting flight routes in a sector is a 
measure of the complexity of the airspace, since resolving 
conflicts is one of the main tasks of ATCOs in the upper 
airspace. Systematic analyses have shown that between 
5% and 6.5% of aircraft in the Upper European Airspace 
have to be deconflicted [21]. For an accurate calculation of 
potential conflicts between two aircraft, their trajectories 
must be compared with each other in high temporal and 
spatial resolution. However, since the trajectories are often 
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not available in sufficient resolution and, in cases where 
they are, the calculation becomes extremely time-consum-
ing, it makes sense to use simpler and faster approximation 
methods. The potential conflict risk is sufficient as an ap-
proximation for estimating the parameter Intersection Com-
plexity IC.  

The first approach assumes that two aircraft transiting sim-
ultaneously through the same sector are potential conflict 
partners that require increased attention from ATCOs. For 
this reason, all aircraft pairs whose duration in the sector 
overlap, are counted when calculating the index, regardless 
of their position or altitude in the sector and the location of 
their planned routes. This means that all known positions of 
all aircraft are compared with each other. In order to con-
sider the increased congestion in airspace when there are 
a large number of aircraft and thus emphasize the difficulty 
of finding space for a safe evasive maneuver (deconflicting) 
in the event of impending conflicts, the number of aircraft Ag 
is raised to the power of 1.2 for the index calculation. As a 
result, IC grows disproportionately as traffic increases. 

௖ܫ =
1
ܰ
෍෍ݓௗ ∙ ൫ܣ௚,ௗ,௜൯

ଵ.ଶ
ଽ଴

ௗୀଵ

ே

௜ୀଵ

 

“Simultaneity” takes into account all aircraft that are in the 
sector at the same time for longer than one second. Even 
though the probability of a conflict actually occurring in this 
short period of time is very low, this also considers aircraft 
that are moving just outside of the sector and thus also rep-
resent potential conflict partners for the aircraft within the 
sector. 

For the reasons mentioned above, it also makes perfect 
sense for this indicator to consider only the maximum value 
of the aircraft pairs that were in a sector at any time and 
were processed by the controller instead of the integrated 
individual events. Since only a single point in time with the 
maximum number of aircraft counts for the calculation of IC 
in this case, the exponentiation of the aircraft measured 
simultaneously in a sector can be dispensed with without 
any loss in the significance of the index. 

஼ܫ = ݔܽ݉ ቚ݉ܽݔหݓௗ ∙ ௚,ௗ,௜หௗୀଵܣ
ଽ଴ ቚ

௜ୀଵ

ே
 

The maximum number of aircraft pairs simultaneously in the 
airspace over all N sectors processed by a controller in the 
last 90 days is searched for, weighted by the time wd that 
has elapsed since then and used as the index. 

For the prediction, the extended flight plan data of the air-
lines can also be used here, as these contain the planned 
entry and exit times of all sectors the aircraft will transit dur-
ing a flight. 

4.1.4. Communication Events 
Communication events here include both direct radio con-
tacts and Controller-Pilot Data Link Communications 
(CPDLC) messages. The parameter Communication 
Events is a comprehensive measure of an ATCO’s commu-
nication workload and proficiency. It combines both radio 
contacts and CPDLC messages into a single value, repre-
senting the total number of communication events between 
ATCO and flight crews. However, it is also possible to con-
sider these two elements separately, for example to include 
them in different indices or with different weightings. These 
events reflect the instructions or information transmitted by 

the ATCO, whether through voice communication or digital 
messaging, including instructions on heading, speed, alti-
tude, or other flight parameters. This combined parameter 
provides a more accurate and holistic view of an ATCOs 
skill level by considering both traditional voice communica-
tions and modern, data-based communication systems. 
The parameter is particularly relevant in assessing an 
ATCOs workload in complex and high-traffic environments, 
where both types of communication are frequently used. 

Based on the assumption that more communication events 
rs and bs indicate a higher experience with rapid and/or 
more complex communication, a summation formula RC for 
controller C can also be used here, which contains the day-
dependent weakening parameter wd: 

ܴ஼ = ෍ݓௗ ∙ ௦ݎ) + ܾ௦)
ଽ଴

ௗୀଵ

 

An alternative approach is to focus on the day with the high-
est number of communication events. In this case, the 
ATCOs skill level is assessed based on their peak commu-
nication load over the last 90 days, considering the time-
dependent weighting wd: 

ܴ஼ = ௗݓ|ݔܽ݉ ∙ ௦ݎ) + ܾ௦)|ௗୀଵଽ଴  
This approach highlights the ATCO’s workload during their 
most demanding day, providing insight into their ability to 
handle maximum communication loads under high-pres-
sure conditions. However, it is important to note that more 
communication events do not necessarily imply higher per-
formance, as experienced ATCOs may handle complex sit-
uations with fewer but more efficient communications by 
combining different clearances in one communication 
event. In the opposite case, however, it can also happen 
that a controller has to repeat almost every command due 
to a language barrier or a poor radio connection. In order to 
be able to take these cases into account, the individual in-
structions for another parameter called Traffic Diversity (DC) 
are included separately in the evaluation, but not described 
in this paper. 

For the demand assessment (prediction), statistical mean 
values must be used for this parameter by evaluating how 
often communication events occur on average per aircraft 
in the sector under consideration and multiplying these with 
the current traffic. 

4.2. Time-Dependent Indicators 
The group of the time dependent parameters contains five 
different parameters. In this paper, because of the paper 
volume, only the skill-parameter radio contact times is intro-
duced here. 

4.2.1. Radio Contact Times 
Another important parameter for describing the controller's 
experience of working with pilots is the total duration QC of 
all radio calls made by controllers to flight crews in a given 
period. In addition to the greeting and farewell phrases, this 
includes in particular all standard guidance instructions as 
well as special features in the case of warnings, diversions, 
or traffic context-related queries from both sides. The two 
obligatory radio contacts with greeting and farewell can be 
regarded as constants, which therefore have an equal influ-
ence on the contact rating calculations. However, in the 
event that one or more clearances are also given at the 
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greeting, these are counted correctly when these two con-
tacts are considered. These are included as a total 
weighted over the days for all sectors handled in the last 90 
days. 

Index QC, which is relatively easy to calculate, adds up all 
the time durations qj,d,n in seconds of all rd radio contacts 
that a controller has had in all N sectors worked in the last 
90 days, all weighted over the time wd in days since the last 
practice: 

ܳ஼ = ෍෍෍ݓௗ ∙ ௝,ௗ,௡ݍ

௥೏

௝ୀଵ

ଽ଴

ௗୀଵ

ே

௡ୀଵ

 

As with the communication events, the statistical mean 
value of the average radio contact times can be used to 
perform a prediction depending on the scheduled traffic vol-
ume. 

4.3. Sector and Area Indicators 
The sector and area parameters encompass three indica-
tors, of which only the Weather Handling parameter is pre-
sented here. However, the influence of weather on the ex-
perience can be calculated using three different methods, 
depending on the availability of ANSP and meteorological 
data. 

4.3.1. Weather Handling 
Three methods based on different input parameters are 
proposed for taking experience in severe weather situations 
into account. The first idea counts controller’s shifts influ-
enced by severe weather events. The second method con-
siders the sector volume that was not available due to the 
weather. In the third method, the index is based on the num-
ber of aircraft that had to be diverted from their flight plan 
route due to weather conditions in the upper airspace. The 
choice of which method is the most suitable for an Air Traffic 
Service Unit (ATSU) depends not only on the availability of 
data but also on the variability of the severe weather events 
that typically occur in the airspace. 

4.3.1.1. Counting Severe Weather Influenced Shifts 
Method 

Due to the nature and scope of the measurement method 
and data collection, it is possible that the affected volume 
or area of a severe weather is not or only rudimentarily rec-
orded. If possible, the planned traffic in one sector is re-
duced in line with the forecasted severe weather re-
strictions, so that there is no congestion of the airspace, 
which could only be compensated by short-term measures 
at the expense of neighboring sectors (The only exceptions 
are “ad hoc” measures. However, these are only approved 
if civil air traffic permits). In best case, this reduces the ad-
ditional work and organizational burdens for controllers.  

Due to this, it may make sense to only count the work shifts 
sW in which a controller was restricted in the guidance by 
severe weather areas. This calculation also uses the root 
function to attenuate the influence of individual events, as a 
high number of severe weather areas processed should not 
be equated with a linear increase in work experience. 

஼ܹ = ඥݏ௪ 

4.3.1.2. Reduced Sector Volume Method 

This calculation of the Weather Handling Parameter WC of-
fers an approach by emphasizing the impact of reduced 
sector volume caused by adverse weather conditions. It as-
sesses the experience of an ATCO in managing air traffic 
when available airspace is limited due to weather. This pa-
rameter captures the heightened challenge ATCOs face in 
such scenarios, where constrained airspace demands 
greater situational awareness and precision in control. They 
are considered regardless of where or for how long the re-
strictions applied in the sector. The day-dependent index 

஼ܹ೏  is calculated as: 
௖ܹ೏ = ௗݓ ∙ ௪,ௗݐ ∙  ௔௩,ௗݓ

This calculation provides a measure of the difficulty an 
ATCO faced during a specific shift, adjusted for the time wd 
elapsed since the weather events were experienced the last 
time. Similar to the alternative calculation of the military re-
stricted area parameter Mc, the maximum value of ܹ ஼೏  over 
the last 90 days is used as a measure of the highest skill 
level demonstrated by the controller under challenging 
weather conditions: 

஼ܹ = หݔܽ݉ ௖ܹ೏หௗୀଵ
ଽ଴  

4.3.1.3. Number of Diverted Aircraft Method 

Weather encompasses a whole range of parameters that 
can have an influence on the traffic organization in upper 
airspace sectors. These include the type of weather phe-
nomenon, its severity, the duration, the volume of the af-
fected area and the altitude. The sum of these parameters 
results in a large number of weather variations with an in-
fluence on aviation that are difficult to summarize in a single 
evaluation index. 

However, the frequency with which controllers have to take 
aircraft off their planned route in order to divert them within 
the same or a neighboring sector without conflict is decisive 
for the ability to deal with severe weather in the sector. For 
this reason, the weather index WC considers the number of 
aircraft dW that a controller has had to take off their flight 
plan route in the past 90 days due to severe weather in all 
N sectors a controller has worked. 

஼ܹ = ෍෍ݓௗ ∙ ݀ௐ

ଽ଴

ௗୀଵ

ே

௡ୀଵ

 

For the prediction, weather forecasts must be evaluated ac-
cording to the selected evaluation method. MET services 
usually offer a comprehensive portfolio of specific weather 
parameters for this purpose [22]. 

4.4. Qualification and Experience Indicators 

Additional parameters consider the qualification and expe-
riences of the controllers. These include the earned unit en-
dorsements and the actual overall professional experience. 
Unlike the parameters presented so far, the ratings of these 
indicators cannot be used directly in the prediction calcula-
tion. However, they can be used to determine an experi-
ence value, which can then be applied to grant approval for 
a Temporal Unit Endorsement with the help of limit values. 
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4.4.1. Number of Actual Unit Endorsements 
The more endorsements for different sectors controllers al-
ready have, the more experience they are considered to 
have with different traffic situations. As sectors can be sep-
arated and combined, which results in slightly different op-
erational procedures, the calculation is different when de-
termining the number of unit endorsements. For the calcu-
lation of UASLI, every part of the sector or sector group that 
remains after a split to the maximum possible extent counts 
as a separate endorsement if the controller holds an en-
dorsement for the entire sector or sector group (Chapter 
1.2).  

However, it can be assumed that controllers with two en-
dorsements do not have twice as much experience as con-
trollers with one. For this reason, the influence of the pure 
number of endorsements is attenuated by a root function: 

஼ܧ = ඥ݁ௌ 

4.4.2. Professional Experience 
In addition to work experience in specific sectors, profes-
sional experience as an ATCO is of course one of the most 
important criteria when assessing professional experience 
in order to be able to work in an UASLI-Sector. It can be 
assumed that the experience curve rises particularly 
sharply in the first few months in a job before flattening out 
significantly over time. Mathematically, this can be repre-
sented quite simple by taking the square root of the number 
of months of professional experience rather than the skill 
level itself. This approach reflects the steep increase in ex-
periences at the beginning of professional life, which flat-
tens out over time, but the accretion never falls to zero over 
any length of time: 

௖ܲ = ඥ݉஼ 
The use of the root in the parameter calculation PC always 
guarantees an increase with more unit endorsements, but 
the increase is reduced with a large number of licenses. 

4.5. The Competency Requirement Flexibility 
The use of the UASLI makes it possible to generate an es-
timate of how much and what kind of air traffic an ATCO will 
be able to handle in a given period of time in a likely be 
unknown sector. As the traffic forecast is always subject to 
a time dependent estimation error, the allowed traffic load 
of a given sector should on the first thought always be 
slightly below the maximum traffic that can be handled by 
the controller as predicted by the skill value. This would 
mean that the proposed procedure values of a controller 
slowly decrease, as controllers always would process sec-
tors during periods with less traffic than they experienced in 
the past, which would then in turn be the basis for future 
calculations. 

Two methods are proposed to counteract this negative 
trend. Firstly, it is recommended that controllers work for at 
least half of the 90-day period under consideration in sec-
tors and sector groups for which they have a classic unit 
endorsement, enabling them to be deployed without re-
strictions. Secondly, it should be possible for controllers to 
obtain a kind of buffer via defined threshold values in se-
lected parameters, which allows them to work even if the 
predicted traffic volume is slightly above UASLI values 
monitored by the proposed procedure. This can be 
achieved by using a subset of measured parameters of the 
prediction as a prognose buffer. The parameters are 

configured in such a way that they can only increase the 
current competence level. 

Based on workshops with controllers and subject matter ex-
perts, the maximum amount of the Competency Require-
ment Flexibility (CRF) buffer that each controller can re-
ceive was defined as 10%. These are made up of 2% of 
each of five selected parameters. Each parameter includes 
two threshold values, each of which results in a buffer in-
crease of 1% to the prognosed traffic volume. The parame-
ters are: 

1. Professional Experience εP 
2. Working Time εC 
3. Experiences in Neighboring Sectors εN 
4. Simulator Practice Time εS 
5. Number of Actual Unit Endorsements εE 

Additionally, the requirements flexibility can be applied to 
both the overall index or the result of each individual oper-
ational parameter. As example for the first option, if an 
ATCO achieves an overall UASLI of 10, he or she can be 
deployed in a sector where an index of up to 11 is predicted. 
The limit values for the five selected ε must be defined indi-
vidually by the respective ANSPs using the UASLI, as dif-
ferent boundary conditions apply in each airspace. 

5. DISCUSSION AND OUTLOOK 
The concept of assessing experience and predicting the 
minimum level of track records required offers a new ap-
proach to address the growing shortage of ATCOs. Based 
on their recent operational experience, the Upper Airspace 
Skill-Level Index (UASLI) provides a scalable value which 
allows conclusions if and how far an ATCO should, due to 
past experiences, already be able to work in sectors or sec-
tor groups without a traditional on-the-job training. On this 
basis, it may be possible to issue a Temporary Unit En-
dorsement to an air traffic controller. In this paper, eight of 
the seventeen assessment parameters – Sector Occupa-
tion, Vertical to Horizontal Movements, Intersection Com-
plexity, Communication Events, Radio Contact Times, 
Weather Handling, Actual Unit Endorsements, and Profes-
sional Experience – were presented and their proposed cal-
culation rules described. For each of these parameters, the 
methodology for monitoring historical experience and pre-
dicting future requirements was shown. 

For example, the Sector Occupation parameter describes 
the maximum sector occupation within a working shift, con-
sidering the intensity and duration of traffic peaks. A de-
tailed analysis has already shown that some parameters re-
act particularly sensitively to changes in both maximum oc-
cupancy and traffic duration [18]. This shows that short-
term but extreme traffic loads can have a significant influ-
ence on the competence value of ATCOs. Since sector oc-
cupancy is one of the most important criteria for both mon-
itoring and prediction, this behavior corresponds exactly to 
the requirements for this experience level. 

Another example are short-term meteorological airspace 
restrictions, which expand the experience of an ATCO to 
work effectively even under spatial restrictions. This expe-
rience value also reflects the desired behavior, as compre-
hensive airspace closures always mean a higher workload 
and monitoring effort. 

For some parameters, both the integrated and the maxi-
mum value method were presented for determining the in-
dices. It was found that integration should be preferred for 
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regular assessment planning, as it better reflects the typical 
level of experience [18]. For special deployment scenarios, 
however, the use of the maximum value method as an ad-
ditional criterion can be very helpful. 

Aggregating the parameters into an overall index as UASLI 
facilitates a quick and efficient decision to issue a Tempo-
rary Unit Endorsement. At the same time, this poses a chal-
lenge in terms of transparency and dependence on subjec-
tive parameter weightings. Depending on the application, a 
combination of an overall index and individual parameter 
analysis of the evaluation vector seems to be the most sen-
sible strategy. 

A key advantage of the proposed methodology is its flexi-
bility and timeliness. By considering the time-dependent de-
cline of skills based on experience and the possibility of 
daily updates, the UASLI dynamically adapts to changing 
traffic patterns and individual ATCO activities. Neverthe-
less, there are certain limitations. The UASLI only reflects 
quantifiable experience and does not directly assess a con-
troller’s work performance, skills or competence. In addi-
tion, its validity can be affected by incomplete or biased 
data sets. The UASLI should therefore only be seen as a 
supplement to traditional approval procedures and profes-
sional assessment by supervisors. 

Several development steps are planned for the use of the 
assessment procedure in the near future. The global defini-
tion of the input parameter ranges must be specified and 
standardized for an air navigation service provider. These 
definitions must be made on the basis of validations and the 
evaluation of historical data. In addition, a structured evalu-
ation of the suitability of the individual skill parameters is 
carried out in order to confirm their actual relevance and 
significance in the operational context or to adjust them if 
necessary. 

A complete and automated assignment of Temporal Unit 
Endorsements on the basis of the UASLI would also require 
technical expansion at the ANSPs: Instead of the previous 
individual comparison of the dimensions of the assessment 
vector, complete controller pools and sector pools must be 
considered simultaneously in operational use. The simulta-
neous allocation is intended to facilitate optimal and flexible 
operational planning. The UASLI is currently intended pri-
marily as a decision-making aid and basis for manual plan-
ning support, but could also be integrated into an auto-
mated optimization process for retraining in the future. 
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