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The problem…

▪ FTLs are primarily there to limit fatigue risk

▪ FTLs spring from rules designed to limit 

physical (not cognitive) fatigue

▪ The FTL updates in ≈2010-2020 have been 

done mostly in a qualitative way:

– “12 h of rest before a flight should be better than 

just 9 h” (…but we know rest may force crew out of bed)

– “A shorter night duty should be more safe than a 

longer one” (…but more night duties, disrupting good sleep?)

▪ We lack a quantification of the effects of 

rules, on overall fatigue risk, when applied 

to (complex) crew management processes

• Phase 1 – published in March 2019. Found ‘an 

increased probability of high fatigue levels during 

nights and duty periods with late finishes, among 

both pilots and cabin crew’

• Phase 2 – ongoing. NLR/DLR/scientists. 

Collecting data to further quantify ‘FTL 

Effectiveness’. At all possible?
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FTLs (4)

Periods (3 weeks) 
(OAG)

Fleets (≈400)

Crew Plans to produce: 

4 * 3 * 400 = 4800

(8,900,000 flights planned into 

context, using >15k CPU hours…)

‘Roll out’ and 

load into a BI-

solution

The platform
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• FAR 117

• CAAC-R6

• EASA FTLs

• EASA Subpart Q

• 6 May 2019

• 10 Oct 2019

• 3 May 2021

• All Boeing and Airbus fleets

• NB > 200 f/w

• WB > 100

• Pax only

The week to 

measure!

Weekly ‘rotating’ plan. Layovers on 

home base to build realistic 

‘working blocks’ up to 7 days long.
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Example of a pattern produced

• MH 330

• Planned only using the 

EASA FTLs

• Six consecutive nights 

disrupted 

• [NOT how they operate, but how 

they would be allowed to operate]

KSS 9

KSS 5

KSS 6

KSS 7

KSS 8
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The metrics

link
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FTL Effectiveness:

The ability of a regulatory flight and duty 

time ruleset to limit fatigue risk while 

allowing for crew efficiency.

https://emma-assets.s3.amazonaws.com/hd6ab/78955ee4703cb14fab251fdc50f6d79b/A_best_practice_for_quantifying_fatigue_risk_v1.0.pdf
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--- Results ---
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EASA and European-based operators

• European-based 

operators

• AFR: volume & severity, 

proxy for the probability

• Planned with current 

EASA FTLs only

• [NOT how they operate, but how 

they would be allowed to operate]
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EASA FTLs, NFR per fleet

Mostly long haul, high

average risk but low volume

Mostly short haul, low average

risk but high volume

Risk of a fatigue-related

incident/accident:

47/53%

Short haul/long haul
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Short-haul (Europe)

Subpart Q → EASA FTLs

NFR: 29.82 → 30.77 (+3.2%)

FT/TAFB: 17.70% → 17.60% (0.6%)

AF320 LH320 KLM737
Sun 

Express737

Ref NFR 20 26 10 242

NFR w/ penalty
11

(-45%)

17 

(-34%)

5

(-50%)

223

(-7.9%)

[FT/TAFB change] -0.25% -1.2% -0.13% -1.2%

NFR w/ award
25

(+25%)

33 

(+27%)

16

(+60%)

249

(+2.9%)

Elasticity? (small push using BAM, Subpart Q, 2019Oct)

125
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Higher risk

More efficient

Lower risk

Less efficient

Higher risk

Less efficient

Lower risk

More efficient

Shift in Efficiency and Risk
Subpart Q → EASA FTLs
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Long-haul (Europe)

Subpart Q → EASA FTLs

NFR: 380.2 → 350.4 (-7.8%)

FT/TAFB: 17.30% → 16.10% (-7%)

109

15

Higher risk

More efficient

Lower risk

Less efficient

Higher risk

Less efficient

Lower risk

More efficient
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Elasticity in long haul – it’s there!
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• Weighted, remaining, potential in EASA FTL on these 

three fleets:

• -16,1% fatigue risk, OR

+18,0 % crew efficiency !!!

• …to be compared with the overall change with 

Subpart Q → EASA FTL:

• -7.8 % risk

-7.0 % crew efficiency

• [Note: The 16 & 18% are for only one (1) mechanism. 

Then there is acclimatisation, minimum rest…]

372 flights

686 flights 315 flights
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Discussion. Next steps?

Chapter 1 - a bold idea

Chapter 2 - the platform

Chapter 3 - the metrics

Chapter 4 – Had we not hoped for more?

▪ Hold here for a moment. Is anyone (at all) interested?

▪ Then:

– What are the rules to praise/blame?

– What can be learnt from FAR and CAAC? 

– Add CAP 371, CAO, CAR… and learn also from them?

– Add more planning periods?

– Measure with one more fatigue model?

– Add also Embraer fleets?

– What-if analysis to reformulate and improve the rules – on a few 

selected problems.

– Pressure-test the rules? Direct the optimizer to produce the 

worst legal patterns allowed…
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https://emma-assets.s3.amazonaws.com/hd6ab/61a88f41c5f98e798c41be952667b6ce/FTL_Effectiveness_Chapter1.pdf
https://emma-assets.s3.amazonaws.com/hd6ab/67d79135127c7a3a828e378878492f85/FTL_Effectiveness_Chapter2.pdf
https://emma-assets.s3.amazonaws.com/hd6ab/be0ddf2670407b537e3b33bc178a0ae7/FTL_Effectiveness_Chapter_3.pdf
https://emma-assets.s3.amazonaws.com/hd6ab/9470f6cca7a96e0ad04c51f3c9cfc59f/FTL_Effectiveness_Ch_4v2.pdf
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Questions?
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www.jeppesen.com/FRM tomas.klemets@jeppesen.com
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