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Informationsblatt 
Alternative Means of Compliance - Enhanced containment SORA 

Allgemeines 
Alternative Means of Compliance (AltMoc), - alternative Nachweisverfahren sind Verfahren oder 
Standards, die bestehende, von der EASA festgelegte annehmbare Nachweisverfahren (acceptable 
means of compliance, AMC) ersetzen. Die AMCs erläutern, wie Sie regelkonform im Sinne der 
Verordnung handeln oder Nachweise für ein regelkonformes Handeln vorweisen können. 

Alternatives Nachweisverfahren (AltMoc) zu AMC1 Artikel 11, Ziffer 2.5.3 Step #9 
Das angefügte alternative Nachweisverfahren ändert die Bedingungen, die ein „enhanced containment“ 
im SORA-Prozess im sogenannten Step #9 auslösen. Die zu erfüllenden technischen Umsetzungen 
bleiben gleich. Entwickelt und ursprünglich bei der EASA eingereicht wurde dieses alternative 
Nachweisverfahren durch die Luftfahrtbehörde der Schweiz. Solche AltMocs gelten nur national und 
müssen, wenn sie in einem anderen Mitgliedsstaat genutzt werden wollen, von jedem Mitgliedsstaat bei 
der EASA angezeigt werden. Das Luftfahrt-Bundesamt hat das schweizerische AltMoc für Deutschland 
angepasst und bei der EASA angezeigt. Somit gilt dieses Verfahren jetzt in Deutschland. 

Die geänderte Textpassage findet sich auf der letzten Seite des Dokuments. Die vorherigen Seiten 
beschreiben die Methoden und die Argumentationen, warum eine Änderung bzw. ein alternatives 
Nachweisverfahren gerechtfertigt ist und ein gleiches Sicherheitsniveau erreicht wird. 
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1 Preliminary Information 
 

This AltMoC is based on the AltMoC prepared by FOCA and released on 10.01.2023 (EASA reference 

2023-00006). We like to express our gratitude to FOCA for providing this documentation and allowing 

us to reuse it.  

AltMoCs have basically the same legal status and effect as AMCs (Acceptable Means of Compliance). 

Except that the author of AltMoCs is not EASA but LBA. 

AltMoCs are not evaluated by EASA in advance but are reviewed within a short time after their 

publication by LBA. Therefore, once released by LBA, AltMoCs become immediately applicable to all 

parties under German jurisdiction. 

However, AltMoCs do not automatically have cross-border effect: an operator under foreign jurisdiction 

has no legal claim to his competent authority to allow use of an AltMoC issued by LBA. LBA will not 

automatically accept in its jurisdiction the use of an AltMoC issued by foreign competent authorities. 
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2 List of Abbreviations 

 
The following abbreviations are within this AltMoC: 

 

Abbreviation Definition 
 

AltMoC  Alternative Means of Compliance  

AMC  Acceptable Means of Compliance 

ANSP  Air Navigation Service Provider 

ATC  Air Traffic Control 

CAT  Commercial Air Transport 

COTS  Commercial Off The Shelf 

EASA  European Union Aviation Safety Agency 

GA  General Aviation 

GPS  Global Positioning System 

JARUS  Joint Authorities for Rulemaking on Unmanned Systems  

LBA  Luftfahrt-Bundesamt 

MAC  Mid-Air Collision 

RPAS  Remotely Piloted Aircraft System 

SAIL  Specific Assurance and Integrity Level  

SORA  Specific Operations Risk Assessment  

TLS  Target Level of Safety 

UAS  Unmanned Aircraft System 
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3 Introduction 

This Alternative Means of Compliance (AltMoC) is intended to change the containment requirements and 

the assessment of their need as currently found in chapter 2.5.3 Step 9 of AMC1 to Article 11 of (EU) 

2019/947 or the JARUS Specific Operations Risk Assessment (SORA) v2.0 methodology. 

Currently all Unmanned Aircraft Systems (UAS) used in the specific category must adhere to the points 

2.5.3(a)&(b) of the requirements. This is seen as proportional by LBA and only a small addition for clarity is 

added. On the other hand, point 2.5.3(c) requires enhanced containment performance when certain 

conditions are met. However, by the latest understanding of LBA, enhanced containment is triggered in 

situations where the actual risk of the operation does not justify its applicability and the containment 

requirements of points (a)&(b) would be sufficient. 

This Alternative Means of Compliance (AltMoC) focuses on changing the assessment triggers in point 

2.5.3(c) which mandate enhanced containment from certain UAS operators. No change in the technical 

implementation requirements of the containment systems is proposed. 

The purpose of having containment requirements at all is that the rest of the SORA risk assessment 

focuses on the operational area, which could be thought of as the most likely area at risk. To ensure that 

SORA does not leave out any significant risks unassessed, certain questions should be considered, such 

as: 

 What if the aircraft leaves this assessed operational area? 

 Are there areas of credible significant risk in proximity to the operational area? 

 

3.1 Terms and Conditions 

The use of the male gender should be understood to include male and female persons. 

The most frequent abbreviations used by the EASA are listed here: easa.europa.eu/abbreviations. 

When used throughout the AltMoC the terms such as «shall, must, will, may, should, could, etc.» shall 

have the meaning as defined in the English Style Guide of the European Commission. 

 

 

3.2 Legal References 

Commission Regulation (EU) No 947/2019: 

 Article 11

 AMC1 Article 11
  

http://www.easa.europa.eu/abbreviations
https://ec.europa.eu/info/files/english-resources-english-style-guide_en
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4 Proposed Target Level of Safety TLS for the AltMoC 

The general qualitative target level of safety (TLS) in Article 11(3) of (EU) 2019/947 is set to be equivalent 

to that of manned aviation. 

“The assessment shall propose a target level of safety, which shall be equivalent to the safety level in 
manned aviation, in view of the specific characteristics of UAS operation.” 

Keeping in mind the goal of achieving this equivalency, the considered TLS for ground and air risk are 

further detailed in the following sections. 

 

 

4.1 Ground risk TLS 

For risks to third parties on the ground the equivalent risk is assessed in JARUS AMC RPAS.1309 issue 

2 as 1.0 * 10―6 deaths / flight hour for manned aviation. 

 

 

4.2 Air risk TLS 

The TLS per UAS flight hour for air risk in this AltMoC is 1.0 * 10―7 Mid Air Collisions (MAC) with General 
Aviation (GA) aircraft per flight hour and 1.0 * 10―9 MAC with Commercial Air Transport (CAT) aircraft per 
flight hour. These values are commonly accepted as TLS Lin, Xun & Fulton, Neale & Westcott, Mark. 
(2009). Target Level of Safety Measures in Air Transportation – Review, Validation and 
Recommendations. With conservative assumptions of every collision being catastrophic and 500 
passengers for each CAT aircraft and 5 passengers for each GA aircraft the fatalities per UAS flight hour 
would be: 

500 𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟𝑠 ∙  10−9
𝑀𝐴𝐶

𝐹𝐿𝐻
= 5 ∙ 10−7

𝐷𝑒𝑎𝑑

𝐹𝐿𝐻
 

 

5 𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟𝑠 ∙  10−7
𝑀𝐴𝐶

𝐹𝐿𝐻
= 5 ∙ 10−7

𝐷𝑒𝑎𝑑

𝐹𝐿𝐻
 

 

Measured in deaths per UAS flight hour, the targets are the same for both encounter types, less than the 

ground risk TLS and equal to the safety level in manned aviation. 
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5 Understanding of unmanned aircraft fly-away probability 

For an unmanned aircraft to fly-away out of the assessed operational area the following sequence of events 

must happen: 

1. The control of the operation is lost. The Probability of this happening is directly linked by definition to 

the SAIL of an operation. For example, a SAIL II operation is assumed to lose control less than once 

in a hundred flight hours. (Probability of loss of control of an operation rate equals 10-SAIL); 
 

SAIL I II III IV V VI 

Probability of loss of control per flight hour 10-1 10-2 10-3 10-4 10-5 10-6 

 
2. The loss of control does not lead to a crash inside the operational volume or ground risk buffer; 

3. The containment mitigations applied to the operation fail, including the basic containment, since it 

is applicable to all UAS subject to a SORA; 

4. The aircraft flies outside of the ground risk buffer. 

The number of different failures or combinations of failures that could lead to this chain of events and a fly-

away can be estimated. UAS are complex systems that can have many different types of failures, but some 

generalizations can be made to assess what failures may lead to a fly-away. 

 

5.1 Potential failure types that could lead to a fly-away: 
 

 Failure type Potential failure effect 

1. GNSS failure total loss, inaccuracy. 

2. Internal Navigation System total loss, inaccuracy, drifting. 

3. Flight Control last input stays, full power, power off, control surface 
actuation, etc. 

4. Pilot error incorrect input, incorrect navigation, flight planning failure 

5. Environment 

(Wind, Electromagnetic interference, 
Temperature) 

 
drifting out of area, battery drained early 

6. Data Link fly straight, hover, return to home, gain altitude 

7. Other potential failure  

 

These failure types need to be mitigated by containment requirements. 

The assumption taken is that there could be up to 10 different failure types in an unmanned aircraft 

operation that can lead to a fly-away either individually or in combination. 

This AltMoC proposes no changes in the technical implementation requirements of the containment 

systems, but addressed only the trigger criteria. The following presents an analysis of the estimated 

containment performance to determine whether the current targets are adequate and proportional to the 

overall risk to the system.  
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5.2 “Basic containment” - SORA 2.5.3(b) 
 
 

 

Basic containment is required for all UAS operations in the specific category and sets the minimum level 

of containment performance. This requirement sets a total allowed probability of single failures that may 

lead to a fly-away. Single failures leading to fly-away are still allowed to occur, but their probability should 

be “no probable”, meaning Remote (Definitions from JARUS AMC RPAS.1309). 

 “Probable” failure means occurrence every 10-3 / flight hours

 “Remote” failure means occurrence every 10-4 / flight hours

In combination with the assumption of up to 10 potential Remote failure conditions in UAS operation that 

can lead to a fly-away, the basic containment requirement would set a fly-away rate outside of the 

operational volume of less than 10-3 / flight hour. However, every operation is planned with a ground risk 

buffer that is meant to capture the most likely crash area of an operation in a loss of control event. The 

ground risk buffer can be estimated to contain 90% of all loss of control situations and subsequent crashes 

inside it due to gravity and the attempts of the remote pilot to end the flight. 

Therefore, Basic containment is estimated to reach a containment performance of 10-4 /flight hour for fly- 

away events outside of the ground risk buffer. 

 

5.2.1 “Enhanced containment” – SORA 2.5.3(c) 
 

 

Enhanced containment requirements require that two independent failures happening at the same time 

are only allowed to lead to a fly-away. The requirements are also setting a quantitative operational volume 

containment requirement. The fact that no single failure is allowed to lead to fly-away means that there 

should at least be an independent Commercial Off The Shelf (COTS) level (10-2 failure rate) back-up 

system to end the flight within the ground risk buffer. In combination these two requirements are assumed 

to combine into a fly-away probability outside of the ground risk buffer of less than 10-6 /flight hour. 

Pfly out from operational volume*Pfly out from ground risk buffer  10-4 * 10-2 = 10-6/FLH probability of fly-away 

 

 

“No probable failure of the UAS or any external system supporting the operation should lead to operation 
outside the operational volume.” 

(a) 
  (1) “The probability of leaving the operational volume should be less than 10-4/FH; and 

(2) No single failure of the UAS or any external system supporting the operation should lead to operation 
outside of the ground risk buffer. 

Software (SW) and Airborne Electronic Hardware (AEH) whose development error(s) could directly lead to 

operations outside of the ground risk buffer should be developed to an industry standard or methodology 

recognized as adequate by the competent authority.” 
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The point 2.5.3(c) also includes the triggers for applying Enhanced containment, which based on LBA’s 

experience and analysis are not proportional to the actual risk posed by most UAS operations. This AltMoC 

changes these triggers, which are: 

 

 
 

 

  

(c) The enhanced containment, which consists in the following three safety requirements, applies to 
operations conducted:  

(1) either where the adjacent areas:  
(i) contain assemblies of people unless the UAS is already approved for operations over 
assemblies of people; or  
(ii) are ARC-d unless the residual ARC of the airspace area intended to be flown within the 
operational volume is already ARC-d;  
 

(2) Or where the operational volume is in a populated area where:  
(i) M1 mitigation has been applied to lower the GRC; or  
(ii) operating in a controlled ground area. 
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6 Estimating outcomes of worst-case scenarios for fly-away events: Air risk 

The JARUS group set to amend the current Step 9 has considered a variety of worst-case scenarios to 

test whether containment requirements more stringent than Basic Containment would ever be required. 

Two of them are described in this section. 

Example 1 

The most extreme scenario considers an 

operation north of the Las Vegas airport 

(LAS), which is intended to be confined to 

the small red circle. LAS had 543,391 

yearly landings and departures on average 

between 2017-2019 according to “FAA Air 

Traffic by numbers 2022”. This is on 

average 1489 landings and departures 

every day or roughly ~1.0 movement every 

minute. The heat map background shows 

annualized flight tracks from official FAA 

surveillance systems between the surface 

and 1000 feet AGL. Traffic within this Class 

B surface area is highly proceduralized and 

concentrated in specific locations: arrivals 

to runways 19R/19L, departures from 

runways 1R/1L, a helipad (red dot near 

center) and a defined VFR helicopter tour 

route above the Las Vegas Strip (diagonal 

and slightly curved paths from left edge to 

top-center). The greatest risk occurs with a 

loss of containment that proceeds from the 

operational area towards the airport CAT 

traffic. While the helicopter routes cover a 

larger sector next to the operation the TLS 

and density are not as high as for the CAT traffic. 

Using the assumptions in the previous section: 

 Basic containment is applied; 

 In the event of a loss of containment, there is a 25% (sector 90°/360°) chance that the UAS flies in 

the direction of the airport and a 48% (sector 173°/360°) chance of flying towards the helicopter 

routes; 

 Loss of containment is linear, and the UAS crosses two flight paths, for a total exposure time of 40 

seconds (0.011 hours, assuming a 1000-foot distance across the landing path at 30kts); 

 ARC-d value for Airport = 10 (WCV/FLH) (The ARC values are based on the worst cases seen 

during airspace classification studies “Likelihood of Unmitigated Collision risk for UAS in Defined 

Airspace Volumes, 2020”); 

https://ieeexplore.ieee.org/abstract/document/9222872
https://ieeexplore.ieee.org/abstract/document/9222872
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 ARC-c value for Helicopter routes = 1; 

 p(NMAC|WCV) = 0.1 (Well-clear recommendation for small unmanned aircraft systems based on 

unmitigated collision risk, Journal of Air Transportation, 2018); 

 p(MAC|NMAC) =0.01 for UAS in 1m and 3m categories (“Correlated Encounter Model for 

Cooperative Aircraft in the National Airspace System, MIT, 2008”). 

 p(fatality/MAC) = 0.1 (Airborne Collision Severity Evaluation, ASSURE, 2022) 

 

 

The probability of a lethal MAC is the product of the values of each of the above eight bullets, including the 

exposure time: 

 

(10-4)(0.25)(0.011)(10)(0.1)(0.01)(0.1) = 2.75 x 10-10 for CAT traffic 

(10-4)(0.48)(0.011)(1)(0.1)(0.01)(0.1) = 5.28 x 10-11 for GA traffic 

 

In conclusion, the basic containment is shown to achieve the required TLS for mid air collisions even in 

proximity to extremely dense airspace below 500 feet altitude 

  

https://doi.org/10.2514/1.D0091
https://doi.org/10.2514/1.D0091
https://www.ll.mit.edu/r-d/publications/correlated-encounter-model-cooperative-aircraft-national-airspace-system-version
https://www.ll.mit.edu/r-d/publications/correlated-encounter-model-cooperative-aircraft-national-airspace-system-version
https://assureuas.org/projects/airborne-collision-severity-evaluation-structural-impact-2/
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Example 2 

San Francisco airport (SFO) had 462,422 yearly landings and departures on average between 2017-2019. 

This is on average 1267 landings and departures every day or roughly ~0.88 movements every minute. 

The preceding assumptions were also 

applied to the region SFO, depicted with 

a similar heat map at below right. In this 

scenario, the drone is again operating 

within the red circle, with a loss of 

containment from northwest clockwise 

to northeast (yellow arrows) presenting 

the greatest risk to the dual parallel final 

approaches. 

Using the same assumptions: 

 Basic containment is applied; 

 In the event of a loss of 

containment, there is a 25% 

chance that the UAS flies in 

the direction of an intersecting 

flight path; 

 Loss of containment is linear, 

and the UAS crosses two flight 

paths, for a total exposure time 

of 40 seconds (0.011 hours); 

 ARC value =10; 

 p(NMAC|WVC) = 0.1; 

 p(MAC|NMAC) =0.01. 

 p(fatality/MAC) = 0.1 

 

In this case, the probability of a lethal MAC as the product of the values of each of the above six bullets, 

including the exposure time is: (10-4)(0.25)(1)(0.1)(0.01)(0.1)(0.011) = 2.75 x 10-10 for CAT traffic. As in 

the previous example, the basic containment is proven to be enough to achieve the required TLS. 
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6.1 Comparison to situation in Germany 

Both extreme US airport examples show that the TLS order of magnitude is met with only the basic 

containment. The busiest airport in Germany is Frankfurt/Main with 513,912 landings and departures (on 

the historically busiest year 2019, according to the airport operator “FRAPORT”. This is about the same of 

the traffic to Las Vegas airport and so should achieve a similar result. 

 

Another way to calculate the risk would be to imagine 1000 drones circling around Frankfurt/Main airport 

continuously with only Basic containment requirements implemented and calculating how long it would 

take until a MAC is expected to happen. 

1 

2.75 ∗ 10―9 ∗ 1000 drones 
= 363,636 ℎ𝑜𝑢𝑟𝑠 = 41 𝑦𝑒𝑎𝑟𝑠 

 
Therefore, it is concluded that Basic containment requirements are enough to guarantee the TLS for air 

risk, independent of the ARC of the adjacent airspace below 500 feet AGL. The limitation of this AltMoC 

to below 500 feet is due to the air risk analysis method not being suitable for the less structured airspace 

higher above.  
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7 Estimating outcomes of worst-case scenarios for fly-away events: Ground risk 
 

7.1 M1 mitigation as a trigger for Enhanced containment 

The triggering of Enhanced containment always by the application of M1 mitigation within populated areas 

can be shown to be not required: 

 Each Ground Risk Class (GRC) score mitigation of 1 corresponds to an order of magnitude 

reduction in risk. In the case of M1 mitigation “reduction of people at risk” on low robustness, this 

means a reduction of population density at risk within the operating area to 10% of the originally 

estimated population or, put another way, a factor 10 higher population density outside of the 

operating area; 

 As shown above, a basic assumption is that the ground risk buffer provides 90% probability of 

ending the flight within it; 

 Therefore, a Low Robustness M1 mitigation of -1 GRC increases the surrounding population 

density by a factor of 10, but the ground risk buffer offers a reduction of risk to adjacent areas by a 

factor of 10 ending up at no increase for the surrounding areas. When it comes to general time- 

activity pattern sheltering arguments for M1 mitigation, these would also be applicable to areas 

outside of the ground risk buffer and would not cause any increase in the population density 

difference. 

It can be concluded that only M1 mitigations of Medium or High robustness that do not also apply to 

adjacent areas within populated areas would potentially increase the surrounding population density 

enough to cause a significant increase in the assessed risk to adjacent areas. 

 

7.2 Worst case scenario assessment for Enhanced containment from ground risk 

The Enhanced containment is considered to be meant for situations where the ground risk outside of the 

ground risk buffer is assessed to be considerably high. Practically this means a large number of people 

right next to the ground risk buffer. A worst case scenario example is an assembly of people next to a 

controlled ground area. 

Therefore, the worst-case scenarios to assess are controlled ground areas inside densely populated areas 

(city centers) or operations next to assemblies of people. The examples later show how only large 

assemblies of people ~20,000 ppl or more will move the assessed risk significantly enough to warrant 

triggering of Enhanced containment. 

The following worst case ground risk containment scenarios show examples of using a proposed 1km 

distance to quantitatively evaluate surrounding assemblies of people and populated areas. The proposed 

size of adjacent area of 1 km for ground area considers what would be the closest acceptable safety buffer 

from an assembly of people, beyond which an assembly of people would not be adjacent to the operational 

volume. This 1km buffer is selected to be more conservative towards assemblies of people than the one 

defined in (EU) 2019/947 AMC1 UAS.OPEN.030(1) for subcategory A2 UAS, because the trigger for 

assemblies of people is adapted to only large gatherings.  
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Furthermore, the maximum dimensions of assemblies of people are rarely multiple kilometers in size so as 

to occupy major parts of the adjacent areas. Crowds that large would be pragmatically possible to avoid 

with prior knowledge of an event taking place (e.g. concert, trade show, sports event).  
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7.2.1 Example 1: Street parade Zürich around 200,000 people 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adjacent area – Ground risk 

 
AOPS+GRB 

(km2) AADJ (km2) 

0.3 
5.14 

 

  
Description 

 
Density 

 
Pop 

% of AADJ 
1km 

#3 Assembly shopping center 
(blue area north) 

 
50000 

 
30000 

 
11.67% 

#2 Assembly street parade 
(blue area near shore) 

 
500000 

 
200000 

 
7.78% 

#1 Average base population in 1km AADJ 4936 25370 
 

#4 All together 49683 255370 
 

 
The Street parade example shows that there is a minimum increase in population density of factor 10 or a 

factor 100 measured within 1km of the operational volume measured from the average base population 

density(#1). The difference could also be much more if the operational area is a controlled ground area. 
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7.2.2 Example 2: OpenAir Frauenfeld around 150,000 people 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adjacent area – Ground risk 
 

AOPS+GRB 

(km2) AADJ (km2) 

0.3 4.49 
 

  
Description 

Area 
km2

 

 
Density 

 
Pop 

% of AADJ 
1km 

#2 Assembly Openair Frauenfeld 
(Blue area) 

 
0.81 

 
185185 

 
150000 

 
18.04% 

#1 Average 1km AADJ base population 4.49 1073 4820 100% 

#3 All together 4.49 34481 154820 
 

 

 

The OpenAir Frauenfeld example also shows that there is a minimum increase in population density of 

factor 10 or a factor 100 measured within 1km of the operational volume measured from the average base 

population density(#1). The difference could also be much more if the operational area is a controlled 

ground area. 
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7.2.3 Example 3: Stadium Letzigrund around 30,000 people 
 
 

 

 

Adjacent area – Ground risk 
 

AOPS+GRB 

(km2) AADJ (km2) 

0.69 4.58 
 

  
Description 

 
Area km2

 

 
Density 

 
Pop 

% of ADJ 
1km 

#2 Assembly Stadium Letzigrund 
(Blue area) 

 
0.81 

 
37037 

 
30000 

 
17.69% 

#1 Average 1km AADJ base 
population 

 
4.58 

 
9031 

 
41360 

 

#3 All together 4.58 15893 71360 
 

 
The Stadium example shows that a 30,000ppl gathering inside an already densely populated area does 

not significantly increase the population density measured within 1km of the operational volume. However, 

as with the previous examples the difference could also be much more if the operational area is a controlled 

ground area. 
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8 Changes to AMC1 to Article 11 point 2.5.3 on enhanced containment triggers 

Supported by the considerations described in the chapters above, the changes from this AltMoC can be 

summarised as follows: 

For clarity, the following requirement is added to point 2.5.3(b): 

“When the aircraft leaves the operational volume, an immediate end of the flight must be initiated.” 

 

 

The current text in point 2.5.3(c): 

      

 

is to be replaced by the following new triggers for enhanced containment: 
 

 

(c) The following three safety requirements (enhanced containment) apply for operations: 

 Where a large assembly of people (~20,000 ppl or more) is present within 1km distance from the 

operational volume, unless already approved for operations over assemblies of people. Applicant 

has a procedures in place to check this before each operation; or 

 Where adjacent areas are populated areas: 

i. And a M1 mitigation of Medium or High robustness has been applied, unless the 

mitigation applies also to adjacent areas; 

ii. Operation is conducted over a controlled ground area; or 

 The height of the operational volume is above 150m altitude AGL, where adjacent airspace is 

ARC-D. ATC or Competent authority permit is needed before the operation; or 

 With an UAS larger than the 3m class flown in airport environment. 
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