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Objective

Determine the Acceptable Level of Safety (ALOS) for pilot 
incapacitation in part 121 operations when the assumptions 
underlying the internationally recognized “1% rule” are revised using 
current data
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AVS SMS requirements

• Office of Aerospace Medicine part of the “AVS oversight 
organization”

• FAA Order VS 8000.367D, AVSSMS with QMS Requirements: 
Oversight organizations must determine the acceptable level of 
safety performance for those components of the aerospace system 
for which they have oversight responsibility
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1% rule background

• Premised on AsMA paper (1973) linking aeromedical risk 
acceptance to airworthiness risk accepted by engineers 

• Proposed at the first UK Workshop on Aviation Cardiology (1984)
• Incorporated into European Joint Aviation Authorities’ guidance
• Accepted in EASA guidelines
• Endorsed by ICAO as threshold of choice
• Transport Canada

– 2% annual incapacitation risk for all certificate classes
– 5% annual incapacitation risk if flying with a certified safety copilot

• Not used by the FAA to date
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1% rule development: Rationale / assumptions
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Rule statements Rationale / assumptions
1) Likelihood of incapacitation event in a year ≤1% Proposed pilot medical certification threshold

2) This is about 10-6 incapacitation events/hour = 0.01 events per 24x365 = 8,760 hours ≈ 10,000 hours 
≈ 0.01 events per 10,000 hours = 1 event/1,000,000 hour

3) Flight duration is about 1 hour Early 1980s European air carrier typical flight time

4) Assume fatal accident only if (a) incapacitation event occurs, (b) 
critical phase of flight, and (c) ineffective assumption of control by 
second pilot

Assume that second pilot will always take control effectively 
during non-critical flight periods

5) Likelihood of event occurrence during a 1-hour flight is about 10-6 Assume uniform distribution of pilot incapacitations and there 
are 10,000 hours in a year

6) Probability flight in critical period when incapacitation event 
occurs about 10% (10-1)

Assume 10% of flight time is in critical period (i.e., below 1500 ft
AGL)

7) Probability second pilot fails to assume effective control in 
response to incapacitation event during a critical period is about 10-2

A single study of airline simulator training that incorporated pilot 
incapacitation event during approach to landing

8) Probability of (a), (b) and (c) = 10-2 x 10-6 x 10-1 = 10-9, therefore 
acceptable

The individual probabilities can be multiplied yielding the 
probability 10-9, which is an acceptable level of risk



Evaluation of 1% rule statements
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Rule statements Assessment Revisions
2) This is about 10-6 incapacitation events/hour Inaccurate 1.14 x 10-6

3) Flight duration is about 1 hour Inaccurate 2 hours

4) Assume fatal accident only if (a) incapacitation event occurs, (b) critical 
phase of flight, and (c) ineffective assumption of control by second pilot

Implicit assumption, 
accept as valid ---

5) Likelihood of event occurrence during a 1-hour flight is about 10-6 Inaccurate 1.17 x 10-6

6) Probability flight in critical period when incapacitation event occurs about 
10% (10-1) Inaccurate 3.00 x 10-2

7) Probability second pilot fails to assume effective control in response to 
incapacitation event during a critical period is about 10-2 Debatable 0.0025, 0.0050, 

0.0100

8) Probability of (a), (b) and (c) = 10-2 x 10-6 x 10-1 = 10-9, therefore acceptable Valid but
inapplicable

Use FAA Order 
8040.4C



Weakest assumptions

• Fatal accident only if (a) incapacitation event occurs, (b) critical phase 
of flight, and (c) ineffective assumption of control by second pilot

– Concurrent, independent medical incapacitation events statistically unlikely
– Assumes negligible risk of single pilot completing non-critical flight period

• Probability second pilot fails to assume effective control in response to 
incapacitation event during a critical phase of flight is about 10-2

– Actual rate in simulator study (1984) was 1 failure in 400 incapacitations (0.0025)
– Failure rate adjusted to 0.0100 to account for simulation artifact (event expectation)
– Debate about impact of interval technological and CRM advancements on likely 

failure rate
– 2004 paper suggested using a failure rate of 0.0050 (doubling the simulator study 

failure rate)
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Risk analysis

8

𝐴𝐴𝐴𝐴 = (𝑁𝑁 × 𝐴𝐴𝐴𝐴) × 𝑃𝑃 + (𝑁𝑁 × 𝐴𝐴𝐴𝐴) × (1 − 𝑃𝑃)
AF Accidents per flight hour

N Number of incapacitation events per hour

AC Number of accidents per incapacitation event during critical period

AN Number of accidents per incapacitation event during noncritical period

P Proportion of flight that is the critical period

Legacy 1% rule
N 10-6

AC 10-2

AN 0

P 10-1

AF = (N x AC) x P + 0 = 
10-6 x 10-2 x 10-1 = 10-9

Update % rule
N 1.17 x10-6

AC 10-2

AN 0

P 3 x 10-2

AF = (N x AC) x P + 0 = 
(1.17 x10-6) x 10-2 x (3 x 10-2) = 3.1 x 10-10



Risk assessment (FAA Order 8040.4C)
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Annual
incapacitation 

risk (ALOS)

Number of 
accidents per 
incapacitation 
event during 
critical period

Accidents per flight 
hour Risk Level

1% 0.0100 3.51 x 10-10 Medium
2% 0.0100 7.02 x 10-10 Medium
5% 0.0100 1.76 x 10-09 High
1% 0.0050 1.76 x 10-10 Medium

2% 0.0050 3.51 x 10-10 Medium
5% 0.0050 8.78 x 10-10 Medium

5.7% 0.0050 1.00 x 10-09 High
1% 0.0025 8.78 x 10-11 Low
2% 0.0025 1.76 x 10-10 Medium
5% 0.0025 4.39 x 10-10 Medium

11.4% 0.0025 1.00 x 10-09 High
• High risk requires mitigation, tracking, and monitoring and can only be accepted by AVS-1
• Medium risk is acceptable without mitigation but requires tracking and monitoring
• Low risk is acceptable without active management



Next steps

• AAM accountable executive:
– Determine acceptability of this method for setting an aeromedical ALOS
– If acceptable:

 Select value for number of accidents per incapacitation event during critical period 
(risk appetite) 

 Establish corresponding aeromedical ALOS in safety policy

• Coordinate with AFX:
– Consider joint sponsorship for cooperative research project with industry to 

repeat the simulation study
– Evaluate/improve the rigor of the 2-pilot risk control as implemented by airlines

 Pilot incapacitation recognition
 Contingency single pilot operations
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Questions
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