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Disposition of Issues Raised by Comments

The following summarizes the FAA’s responses to the comments on the economic
analysis. These responses address the most substantive comments made in response to the Notice
of Proposed Rulemaking (NPRM), including comments made by: Air Transportation
Association (ATA), American Airlines, United Airlines, Cargo Airline Association (CAA),
Federal Express, United Parcel Service (UPS), National Air Carriers Association (NACA), Atlas
Air Worldwide Holdings, Lynden Air Cargo, Omni Air International, Inc., and Southern Air, Inc.

Commenters questioned the base year dollar and analysis period. The final rule analyzes
current year (2011) with a two year delay in both benefits and costs. The benefits and costs are
presented in a ten year stream and we have provided sensitivity analysis based upon a discount
rate of both 7% and 3%. A ten year analysis is sufficient for the costs and benefits to be in a
steady state.

The FAA also received comments questioning the validity of the accident set. To address
the criticism of using the historical twenty-year analysis period, the FAA narrowed the accident
set to the most recent ten years. However, while this approach addressed the issues raised by the
commenters, narrowing of the analysis time period reduces the number of accidents/observations
available for the benefit analysis. Consequently, while there is a sufficient accident basis to
demonstrate a broad benefit basis justifying the cost of this rule, the sparse data does not permit

accident analysis for every industry segment.' The benefit forecast includes the expected larger

! As discussed in the Regulatory Impact Analysis, the FAA was able to determine the societal benefit of applying
this rule to all-cargo operations. The FAA ultimately concluded that this benefit did not justify the costs of
requiring all-cargo operations to operate under part 117.



future airplanes and higher load factors. Even though the rate of accidents may have declined in
the last ten years, the future consequences may well be more catastrophic.

Commenters questioned that the historical accident rate is significantly higher than the
probable accident rate for the period of analysis because accidents have declined in recent years.

The requirements contained in this final rule only address the rates of pilot fatigue. As
Table 4 in the Regulatory Impact Analysis shows, the preventable accident rate related to fatigue
has not significantly decreased in the last ten years.

The Regulatory Impact Analysis also includes a list of appropriate accidents along with
the final Commercial Aviation Safety Team (CAST) scoring. The accident appendix includes
detailed fatigue information and the reasoning behind the final CAST scoring.

After considering the comments on the regulatory impact analysis (RIA) for the NPRM,
the FAA took a different approach to evaluate the final rule. In the analysis for the NPRM, the
FAA attempted to show through statistical analysis and simulation that a broader fatigue problem
existed than what could be shown through NTSB accident findings. In response to industry
comments objecting to this approach, the FAA Office of Aviation Safety began by narrowing the
set of accidents to those with a strong correlation to fatigue and hence narrowed the benefit
analysis from a broader fatigue problem to the specific regulatory changes. As a result, the FAA
re-examined every accident used in the NPRM and applied the CAST methodology only to the
accidents whose likelihood would have been reduced if the requirements in the final rule had
been effective prior to the accident. Using this methodology, the FAA re-analyzed the
effectiveness of the provisions in the final rule in mitigating accidents where fatigue was
identified as a factor in the accident, and removed accident cases that were not closely correlated

with fatigue factors from the NPRM. From this exercise, a smaller set of accidents was



determined appropriate for further economic analysis of the final rule. With a smaller number
of accidents, a simulation methodology was no longer appropriate. Instead, the FAA used a
commonly-used benefit methodology. This methodology is grounded in NTSB findings, uses
the CAST methodology, and is also transparent and easily reproducible. The methodology is
discussed in the full regulatory evaluation.

Industry questioned the use of $12.6 million for a statistical life value.

The use of $12.6 was for a sensitivity test. For the final rule, the FAA uses the $6.2
million as the value of an averted fatality as used commonly by the Department of
Transportation.

Commenters also objected to the FAA’s assumptions regarding the 25% cost-savings
resulting from long-term scheduling optimization in RIA. As the FAA stated in the RIA, the
assumption of the long-term schedule optimization factor was dropped because the operation
cost was analyzed by the crew pairing optimizer. This different approach estimates operation
and scheduling cost of the final rule by building duty and rest time restrictions changing from
existing FAA regulations and industry scheduling data into a Cygnus, CrewPairing’s (CP) crew
scheduling optimization model. Cygnus has been used by more than 30 major airlines
worldwide over the past 40 years and is currently used by a number of carriers. CP optimization
used constraints contained in the final rule, pooling with the best available industrial data (wages,
numbers of flightcrew members sourced from Form 41), to estimate costs of the final rule.

Commenters also contended that the FAA underestimated the NPRM costs related to
flight operation in that carriers would be forced to hire new crewmembers and increase flight

duty periods (FDP).



The FAA has re-estimated the costs reflecting final rule modifications and used the
above-referenced crew scheduling model to better estimate whether the rule would force carriers
to hire new crewmembers. The use of a crew pairing optimizer enabled FAA to more accurately
model the impacts of the rule on industry crew scheduling costs than was possible during NPRM
cost analysis. The data in the final rule RIA included full bid line and pairing information for
each flightcrew member, and included both line holder and reserve flightcrew members. The
crew pairing optimization did not show a need to hire new crewmembers to comply with this rule
because the flightcrew members currently used in reserve allow certificate holders to conduct
operations under this rule without hiring additional flightcrew members.

Commenters did not support the costs related to schedule reliability and argued that they
were underestimated. One commenter stated the costs would be as high as $9.6 billion. They
argued that by excluding the cost of schedule buffering required by multiple provisions of the
NPRM, the FAA omitted the major source of cost to the industry.

As stated elsewhere, the FAA has largely removed schedule reliability from this rule.
The FAA has instead adopted provisions that limit extensions of the FDP and requires reporting
of FDP extensions and activities that were not otherwise permitted by the provisions of §117.11,
§117.19 and §117.29 in the Final Rule. Under this amendment, costs to airline carriers are
limited to reporting exceptional activities. As such, these costs are expected to be relatively
minor. By dropping schedule reliability requirement and limiting the associated reporting burden
to flight-duty-period (FDP) extension reporting requirements, the cost in dispute by the
commenters became a computer programming cost and was estimated to be about one million
dollars.

Some commenters stated the appropriate average wage rate should be $297 per hour.



The FAA notes this wage rate significantly contributed to the industry cost estimates.
The $297 per hour wage rate as an average is two times the wage rate from Form 41 and four

times the wage rate from the 2010 Census Bureau on the airline industry.

Commenters also argued that the FAA underestimates fatigue training cost described in
the NPRM.

All carriers already are required to comply with Public Law 111-216 Section
212(b)(2)(B) with respect to the fatigue risk management plan and training (FRMP). In this final
rule, the FAA removed the proposed requirement that pilots receive additional fatigue training
that is not required by the FRMP. As such, the FAA expects the cost of fatigue education and
training to be largely reduced. The final rule does expand the fatigue education and training
requirements to dispatchers and certain members of management. The FAA made this change
because air carriers operating under 14 CFR part 121 will be in compliance with the statutory
pilot training requirement as part of their FRMPs. Since the final rule extends fatigue training to
management and dispatchers, it is expected to be added to existing fatigue risk management
education and training program.

Numerous commenters stated that the FAA underestimated the cost of rest facilities due
to the loss of first class seating and out-of-service time required for infrastructure installation.

The FAA re-analyzed the facility cost based upon the actual numbers and types of
facilities that will need to be put in by querying the inspectors for the fleet of airplanes. The
FAA assumed the worst case scenario (all class 1 facilities). The FAA recalculated the number
of airplanes needing additional upgraded rest facilities. Based on the existing fleet, the FAA
estimates 332 airplanes will need class 1 facilities. In addition, the FAA re-estimated

compliance costs of optimizing existing equipment and installing first class facilities. We have



also estimated downtime and additional fuel burn costs. The final rule rest facility costs include
purchase, design and engineering, physical installation of the facilities on the affected aircraft,
downtime impact on revenue, and fuel burn cost. Therefore, the cost of rest facilities was
estimated to the full extent in the final rule.

The commenters stated that the FAA’s cost analysis does not factor in the costs of the
cumulative limits. The FAA notes that all known constraints including existing monthly and
annual constraints were imbedded in CP optimization.

The commenters submitted that the FAA assumed for the NPRM that the industry’s
collective bargaining agreements (CBAs) will be renegotiated to permit carriers to adapt to the
new rules without any additional costs to the carriers and also assumes that any short term costs
that result from conflicts between the new rule and existing CBAs should not be “counted” as
part of the NPRM.

The final rule does not require renegotiation of current CBAs. In the final rule the FAA
did not calculate potential gains based on the renegotiation of CBAs. The final rule will give two
years buffer for carriers to implement all provisions. The FAA still believes that CBA
negotiations could result in a change of economic interests between carriers and crewmembers.
Any such change is a transfer of benefits and costs between carriers and bargaining units. Such
transfers would be negotiated between parties and transfers do not change the total cost and
benefits to society.

Many entities conducting supplemental operations stated that the rule would cause the
nature of their operations to significantly change, which would result in lost revenue

opportunities or much higher cost, or both.



The FAA adopted significant modifications in the final rule to mitigate the impact on
supplemental operations. For example, in the final rule, the FAA made compliance with part
117 voluntary for all-cargo operations. With regard to supplemental passenger operations, the
FAA increased both the augmented and unaugmented FDP limits from the NPRM. The FAA
also increased the split-duty credit and made that credit easier to obtain. In addition, the FAA
notes that section 119.55 provides the mechanism to obtain deviation from existing regulations
for military missions. Taken together the FAA has provided substantial flexibility for
supplemental operations, and as a result, permits most existing revenue opportunities relative to
flight safety risks based on past ten years of NTSB accident findings.

The commenters contend that the FAA assumes, without any evidence, that there will be
a reduction in absenteeism due to “improved fatigue management,” and that reduced absenteeism
costs will offset part of the cost of the NPRM.

The FAA believes that the final rule will improve productivity and reduce absenteeism by
the enhanced fatigue management system. CDC’s research shows that chronic fatigue can cause
illness and even death®>. Comments and data received from Air Line Pilots Association (ALPA),
the largest independent pilots’ union in the world, devoting more than 20 percent of its dues
income to support aviation safety, validated the FAA’s estimation of cost saving from reducing
flight-crew members fatigue and absenteeism.

Commenters questioned that there is no justification provided that sick leave use will be
reduced by 5%. The FAA has verified this number with labor representatives and the supporting

document verifying this information can be found in the docket.

’cDC’'s MMWR, Weekly, February 29, 2008 / 57(08);200-203



Commenters contended that accidents involving two pilots and a flight engineer should
be analyzed separately because in the modern era almost all flights are operated without a flight
engineer.

This rule does not distinguish between accidents involving a flight engineer and accidents
without a flight engineer because it is difficult to attribute specific amounts of fatigue and
accident causality to a flight engineer. More specifically, it is difficult to predict in a fatigue-
related accident, how the two pilots would have handled the aircraft in question if a flight
engineer had not been present. As such, because it is unclear how much flight-engineer fatigue
contributed to past accidents and that this rule does not prohibit flight engineers from working on
the flight deck, the Regulatory Impact Analysis used for this rule does not distinguish between
accidents involving two pilots and those involving a flight engineer.

Some commenters stated that the FAA simply ignores flight cancellation costs despite the
fact that the NPRM will result in substantial increases in flight cancellations.

As discussed above, the FAA calculated the scheduling costs of this rule by running the
pertinent data through the Cygnus crew scheduling optimization model. The Cygnus model did
not indicate that there would be an increase in cancellations as a result of the changes imposed
by this rule. This is because certificate holders will be able to use their existing staff members to
cover the scheduled flights.

It was argued by commenters that by excluding the cost of schedule buffering required by
multiple provisions of the NPRM, the FAA has omitted the major source of cost to the industry.

There are a few major changes related to crew scheduling made in the final rule from
NPRM, which significantly reduced the cost to the industry. The pertinent changes from the

NPRM are: (1) a flight extension for unexpected circumstances that arise after takeoff, and (2)



the removal of the requirement that “circumstances beyond the control of the certificate holder”
have to be present in order to utilize the 2-hour FDP extension for certain unforeseen operational
circumstances. Using the crew pairing optimizer to simulate operation schedule, costs that
attributable to the final rule were estimated to the full extent, including the cost of schedule
buffering.

The commenters further stated that the FAA has omitted the cost estimation attributable
to the provision of “three consecutive nights” (section 117.27, NPRM), which is more likely to
impact cargo carriers partly because they have a substantial concentration of operation during the
night time period and flight crew that are accustomed to night time operations.

As an initial matter, the FAA notes that, based on the cost-benefit analysis, all-cargo
operations are not required to operate under part 117. However, based on industry comments the
FAA has mitigated the burden to cargo operators who may choose to operate under part 117 by
reducing (to two hours) the length of “mid-duty rest” that is necessary to schedule five
consecutive nighttime FDPs. Moreover, UPS and FedEx stated in their comments that they
currently provide their flightcrew members with a mid-duty breaks that are, on average, two
hours long. Because the final rule permits five consecutive nights with two-hour breaks, the
impact of the consecutive-night provision on all-cargo operators such as UPS and FedEx will be
minimal.

The commenters also argued that, under the FAA’s cost-benefit methodology, there is no

benefit to limiting duty time below 15 hours.

The FAA agrees the risk of accident prevalence in the 15™ hour block and beyond is
much greater than that associated with duty times short of the 15™ hour block. To evaluate this

proposition, the FAA computed ratios of accidents to exposure duty hours (dividing accidents in



a sequence of flight hour blocks by pilot exposure duty hours), which substantiated the
conclusion that accident risk steeply increases in the 15"™ hour block and beyond. However, the
FAA has also determined that FDPs of less than 15 hours can lead to unacceptably high accident
risk. For example, the statistic evidence indicates that the ratios of accidents to block hour rises
in a fast rate in the 13" to 14™ hour block range. Therefore, the regulation of flight duty time

being limited under the 15™ hour block is necessary and beneficial.

Allied Pilots Association (APA) generally supported the NPRM but stated that the FAA
overestimated computer programming cost, fatigue training costs due to overstated training pay
and rest facility installation costs. In addition, APA commented that the FAA underestimated the

schedule optimization factor and the agility of air carriers when motivated to achieve efficiency.

The computer programing cost is a very small component of airline operation cost. Since
the computer programming cost was estimated based on the market pricing, it was adjusted
slightly lower or at about the same level as the FAA gained more accurate market data than that
used for NPRM through its software providers. Overall, the operation cost in the final rule was
revised and turned out to be lower than that of NPRM. Fatigue training costs was revised to be
lower than that of NPRM because of the changes made to the proposed fatigue training
requirements by the final rule. The revised rest facility installation cost was also lower than that
of NPRM. APA’s comment on the overestimation of the NPRM cost was based on the
assumption that long-term optimization will occur at much faster rate than implicit in the cost
analysis, which would result in more savings in the long run than that in the short run. The FAA
agrees that long-term optimization of air carriers could be greater than expected. The FAA

believes that the crew scheduling optimizer program provides a better estimate to the final rule.
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Therefore, the FAA believes that the final rule cost estimates incorporating crew scheduling
optimization model accurately reflect the compliance costs.

ATA's Oliver Wyman analysis on September 14, 2011, “Estimated Job Loss Resulting
from Flightcrew Member Duty and Rest Requirements” attached to the ATA petition on Flight,
Duty and Rest asserted that the proposed rule would cause nearly 17,000 U.S. airline jobs, which
would result in total job losses to the economy of 398,000 jobs.

The FAA believes that ATA’s analysis of the jobs impact from the proposed Flight, Rest
and Duty rule is inaccurate. ATA’s jobs impact analysis is based on its estimate, derived from
its analysis of the NPRM, that this rule will cost $19.6 billion over a 10-year period. However,
many of the major provisions of the final rule have been significantly altered from the NPRM,
and, as discussed elsewhere, the FAA estimates that the final rule will cost approximately $390
million over 10 years. This $390 million cost is significantly smaller than the $19.6 billion cost
on which ATA based its job impact analysis. CrewPairing’s analysis of the final rule results in
no change in pilot employment. Therefore, the FAA does not agree with ATA’s job impact
findings.

With regard to the accidents that were used to calculate the benefits for this rule, some
commenters stated that the ATI 2/16/95 flight (RT2) was a part 91 ferry flight, and that the issues
leading to that flight’s accident have been addressed by other rulemakings. Consequently, the
commenters assert, this flight would not be permitted under current rules.

This comment refers to an accident involving ATI in Kansas City during a nighttime Part
91 engine-out ferry flight in a 4-engine DC-8. Prior to takeoff, the Flight Engineer (FE) had
improperly determined the minimum control speed on the ground (VMCG), which produced a

value that was 9 knots too low. On the first takeoff attempt, the pilot applied power too soon to
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the “asymmetrical engine” (the serviceable engine on the side with the failed engine) and was
unable to maintain directional control during the takeoff roll. He rejected the takeoff and, in
preparation for a second takeoff, the pilot agreed to have the FE advance the throttle on the next
takeoff attempt. This conflicted with the prescribed procedure.

At 3,215 feet into the takeoff roll, the DC-8 started to veer to the left. At 3.806 feet, the
aircraft rotated with a tail strike but the tail remained in contact with the runway for another 820
feet. At 5,250 feet, the aircraft became airborne and climbed to 100 feet, then sank and crashed.
All 3 crew members were killed.

NTSB focused on 2 core issues. First, NTSB found that the crew was flying after a
shortened rest break, since rest periods were not required for ferry flights. According to the
report, the crew was fatigued from lack of rest and lack of sleep, and from disrupted circadian
rhythms. Second, NTSB found that the crew did not have adequate, realistic training in
techniques or procedures for a 3-engine takeoff. NTSB added that the crew did not adequately
understand 3-engine takeoff, and did not adequately understand the significance of VMCG.

In response to an NTSB recommendation related to training crews for a 3-engine takeoff
((A-95-39), FAA issued a Flight Standards Information Bulletin (FSIB). The FSIB directed
FAA principal operations inspectors to inform their respective operators to take additional
measures to ensure: (1) that aircraft manual requirements for engine-out ferry flights are clear;
(2) that crew training segments are clearly outlined for engine-out operations; and (3) that
operators use only crews specifically trained and certified for engine-out operations. This has
become FAA policy and NTSB found the action acceptable and closed the recommendation.

Consequently, the comment is appropriate to the degree that it addresses the issue of

training, which is not part of the proposed rule. However, FAA believes that this flight also
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illustrates the role and risks associated with fatigue, which the FSIB noted above did not address.
With or without training in 3-engine takeoffs, NTSB’s findings on fatigue in this accident remain

pertinent to this rulemaking.

Benefit/Cost Summary

We have analyzed the benefits and the costs associated with the requirements contained
in this final rule and our estimates are summarized in table 1. The FAA has made significant
changes to the final rule since the NPRM. The training requirement has been substantially
reduced because the FAA has determined that pilots are already receiving the requisite training
as part of the statutorily required Fatigue Risk Management Plans. The FAA also has removed
all-cargo operations from the applicability section of the new part 117 because their compliance
costs significantly exceed the quantified societal benefits. All-cargo carriers may choose to
comply with the new part 117 but are not required to do so. Since the carrier would decide
voluntarily to comply with the new requirements, those costs are not attributed to the costs of
this rule. The costs associated with the rest facilities occur in the two years after the rule is
published. The other costs of the rule and the benefits are then estimated over the next ten years.

We provide a range of estimates for our quantitative benefits. Our base case estimate is
$376 million ($247 million present value at 7% and $311 million at 3%) and our high case

estimate is $716 million ($470 million present value at 7% and $593 million at 3%). The total

* The projected cost for all-cargo operations is $306 million ($214 million present value at 7% and $252 million at
3%). The projected benefit of avoiding one fatal all-cargo accident ranges between $20.35 million and $32.55
million, depending on the number of crewmembers on board the aircraft.
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estimated cost of the final rule is $390 million ($297 million present value at 7% and $338

million at 3%).

Table 1: Summary of Benefits and Costs

Total Benefits over 10 Years
Esti Nominal PV at 7% PV at 3%
stimate - ors i
(millions) (millions) (millions)
Base $ 376 $ 247 $ 311
High $716 $ 470 $ 593
Total Costs over 10 Years
Nominal PV at 7% PV at 3%
Component (millions)  (millions)  (millions)
Flight Operations $236 $157 $191
Rest Facilities $138 $129 $134
Training $16 $11 $13
Total $390 $297 $338
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Benefit Analysis

This rule is intended to address the problem of fatigued pilots flying in Part 121
commercial service. The nature and extent of the problem is such that the NTSB continues to list
pilot fatigue as one of the Most Wanted Transportation Safety Improvements. The NTSB
recommendations are based on accident investigations and the NTSB safety study on airline
safety. The requirements contained in this final rule address both NTSB recommendations and
existing public law. This benefit estimate first examines the nature of fatigue, followed by its
causes and how it relates to transportation. Second, we summarize some recent findings on
fatigue and occupational performance. Next, we look at the magnitude of crew fatigue in Part
121 passenger operations by briefly examining fatigue reports in the context of this final rule.
We then re-analyze the likely effectiveness of the requirements contained in this final rule and
the potential to decrease these types of accidents in the future. We project a likely number of
preventable events that will occur in absence of this final rule. Finally, we estimate the benefits
that will be derived from preventing such events. We provide a base case estimate, and a high

case estimate, in addition to a threshold/break even analysis.

The Nature of Fatigue

Most fatigue studies agree that, “fatigue refers to a subjective desire to rest and an

. . . . . 4
aversion to further work, coupled with an objective decrease in performance.”

* Jones, et al., “Working hours regulations and fatigue in transportation: A comparative analysis,” Safety Science,
Vol. 43, 2005.
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Fatigue is characterized by:

® “increasingly frequent lapses in performance,

e general cognitive slowing, including a lowering of optimum performance,

®* memory problems,

e time on task decrements, and

® an increasing inability to maintain the vigilance required to perform the tasks

required.”5
Fatigue has been described as “a nonspecific symptom because it can be indicative of

many causes or conditions including physiological states such as sleep deprivation....[s]ome
describe fatigue in terms of physiological data or ‘objective’ observations of...decrements in
work or performance....or time-related deterioration in the ability to perform certain mental

tasks.”®

While physiological criteria related to fatigue can be readily measureable, subjective
feelings of fatigue are not directly observable, and in some instances individuals who are

exhibiting diminished performance levels also feel confident in their ability to focus and perform

assigned tasks.

Causes of Fatigue

A number of factors increase the risk of fatigue. These include:
¢ Time of day is very important, because the body follows a rhythm over an approximately

24 hour period, often referred to as a circadian cycle

> Jones, et al., “Working hours regulations and fatigue in transportation: A comparative analysis,” Safety Science,
Vol. 43, 2005.

e Torres-Harding, Susan and Leonard A. Jason, “What is Fatigue? History and Epidemiology,” Fatigue as a Window
to the Brain, edited by John DelLuca. The MIT Press, 3-18, 2007.
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e The amount of recent sleep that a person has received also affects the level of fatigue
risk; most people need an average of eight hours of sleep per 24 hour period.

e The number of continuous hours awake also increases fatigue risk, and for most
individuals, once the number of continuous hours awake exceeds 17, fatigue risk
increases significantly.

e Sleep debt, the difference between the amount of sleep needed to be fully rested and
actual sleep, also contributes to fatigue. Sleep debt accumulates over time, and fatigue
risk is higher if sleep debt exceeds eight hours

e Work load and time on task can also affect fatigue risk. If work intensity is high and/or

there is a long continuous period of time on task, the risk of fatigue increases.

Fatigue and Transportation

The nature of work in the transportation sector makes that sector especially susceptible to
risks to performance, vigilance and response to hazards that are associated with fatigue.
Workdays of those responsible for the safety of transportation operations can be characterized by
long work periods, often at nighttime or early morning hours. Because transportation workers
must sometimes rest or sleep away from home, conditions for rest and sleep quality are also
important.

Analysts have examined the links between the specific features of work in the
transportation industry, including commercial aviation, and the general features of human
physiology and fatigue for decades. For commercial aviation, it has been nearly two decades
since the first citation of fatigue as a probable cause for a major aviation accident. This accident,
the crash of American International Airways flight 808 at Guantanamo Naval Air Station, Cuba,
on August 18, 1993, was investigated by the National Transportation Safety Board. Probable
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causes of the accident identified by the NTSB included “the impaired judgment, decision
making, and flying abilities of the captain and flightcrew due to the effects of fatigue...”
As part of the investigation of that accident, NASA researchers and contractors performed an
analysis of the links between aviation risks and the effects of fatigue on human vigilance and
performance. This research was reported as part of the NTSB report on the Guantanamo Bay
accident’ and later revised for inclusion in an NTSB report on U.S. Department of Transportation
efforts to address fatigue issues in Transportation.®

This NTSB research and literature summary provides a thorough and well-documented
review of these issues. In the 1999 restatement of the research results in the context of
addressing fatigue issues in transportation generally, the following summary is provided:
Fatigue, sleep loss and circadian disruption created by transportation operations can degrade
performance, alertness and safety. An extensive scientific literature exists that provides
important physiological information about the human operator, which can be used to guide
operations and policy. For example, there are human physiological requirements for sleep,
predictable effects of sleep loss on performance and alertness and patterns for recovery from
sleep loss. Additionally, the circadian clock is a powerful modulator of human performance and

alertness, and in transportation operations, it can be disrupted by night work, time zone changes,

and day/night duty shifts. Scientific examination of these physiological considerations has

7 Rosekind, et.al.,”Appendix E: Analysis of Crew Fatigue Factors,” Aircraft Accident Report: Uncontrolled collision
with Terrain, American International Airways flight 808, Douglas DC-8-61, N814CK, U.S. Naval Air Station,
Guantanamo Bay,Cuba, August 18, 1993. Washington D.C., NTSB Report AAR-94/04, pp. 133-144. http://human-
factors.arc.nasa.gov/zteam/PDF pubs/G Bay/GuantanamoBay.pdf

8 Rosekind, et.al., “Appendix C: Summary of Sleep and Circadian Rhythms,” Evaluation of U.S. Department of
Transportation Efforts in the 1990s to Address Operator Fatigue. Washington D.C. NTSB Safety Report NTSB/SR-
99/01, May 1999, pp.67-81. http://www3.ntsb.gov/publictn/1999/sr9901.pdf
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documented a direct relationship to errors, accidents and safety. This scientific information can

provide important input to policy and regulatory considerations.

Recent Findings on Fatigue and Occupational Performance

Fatigue is prevalent in the U.S. workforce, with nearly 38 percent of workers in a study reporting
fatigue during a two-week period.” The National Sleep Foundation conducted a poll in 2008,
which found that 29 percent have fallen asleep or become very sleepy while at work and two
percent did not go to work due to sleepiness or a sleep problem.'® Numerous studies have found
that fatigue can significantly reduce productivity. A review of published studies on shift work
and productivity found a large decrease in efficiency during the night shift, with the low
occurring at 3:00AM. On average, the authors found that productivity was five percent lower at
night."’

A large scale study was conducted at 40 companies and institutions in the Netherlands to
investigate the relationship between fatigue and future sickness absence. The presence of fatigue
was measured using self-reported symptoms, with employers providing absence data. The study
controlled for numerous socio demographic and work characteristics. The investigators found
that higher levels of fatigue were statistically significant predictors of both short-term and long-

term sickness absence.'?

? Ricci, et al., “Fatigue in the U.S. workforce: prevalence, and implications for lost productive work time,” Occup
Environ Med, Vol. 49(1): 1-10, 2007.

1% National Sleep Foundation, “2008 Sleep in America Poll: Summary of Findings.”

" Folkard and Tucker, “Shift work, safety and productivity,” Occupational Medicine, Vol. 53, 2003.

12 Janssen, et al., “Fatigue as a predictor of sickness absence: results from the Maastricht cohort study on fatigue at
work,” Occup Environ Med, 2003, 60(Suppl 1): i71-i76.
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A study was conducted to estimate fatigue prevalence and associated health-related lost

productive time (LPT) in U.S. workers. The investigators found that workers with fatigue were
much more likely to report health-related LPT, with a cost of $136.4 billion annually. This
amount exceeded health-related LPT reported by workers without fatigue by $101.0 billion.
A study compared the rate of errors made by medical residents working in the ICU on 80 hour
weeks versus those on 63 hour weeks. The residents with the shorter work week schedule
experienced half the rate of attention failures. The residents with the longer work week schedule
made serious medical errors (those causing or having the potential to cause harm to a patient) at
a rate 22 percent higher than the residents with the shorter work week schedule."

The railroad industry is at a relatively high risk of fatigue, due to typical 24 hour per day
operations. A number of railroads have implemented fatigue countermeasures, which generally
reduced absenteeism. For instance, after implementation of fatigue countermeasures for
CANALERT, absenteeism decreased from 8.1 to 3.2 percent. After fatigue countermeasures
were implemented for the Conrail-Buffalo-Toledo IMPAC project, a statistically significant
increase in attendance from 95.21 percent to 98.06 percent was observed.'"* This data
demonstrates the potential for fatigue issues, which we will now examine within the specific

requirements of this final rule.

3 Board on Health Sciences Policy, “Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem,” The
National Academies Press, 2006.

" Sherry, “Fatigue Countermeasures in the Railroad Industry: Past and Current Developments,” Association of
American Railroads, 2000.
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ASRS

One can observe fatigue in aviation by examining the Aviation Safety Reporting System
(ASRS). The ASRS collects, analyzes, and responds to voluntarily submitted aviation safety
incident reports in order to lessen the likelihood of aviation accidents. It is part of a continuing
effort by government, industry, and individuals to maintain and improve aviation safety by
collecting voluntarily submitted aviation safety incident/situation reports from pilots, controllers,
and others.

The data in the ASRS is used to:

e Identify deficiencies and discrepancies in the National Aviation System (NAS) so that
these can be remedied by appropriate authorities.

e Support policy formulation and planning for, and improvements to, the NAS.

e Strengthen the foundation of aviation human factors safety research. This is particularly
important since it is generally conceded that over two-thirds of all aviation accidents and
incidents have their roots in human performance errors.

ASRS assures confidentiality and data cannot be traced back to individual operators. So
although we cannot claim the rule could prevent specific ASRS events, it is a useful tool in
evaluating and validating the presence of fatigue in Part 121 operations. We performed a query
for Part 121 ASRS for Fatiguels. Since June of 2009, there were a total of 256 reports where
fatigue was cited as a factor. We have neither culled the data nor edited any of the data that was

reported to ASRS. The top seven results are listed in Table 2.

15 . .. . . .
We believe that this is a very conservative assumption because other human factors can reveal fatigue, such as
confusion and communications breakdown.
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Table 2: ASRS Part 121 Fatigue Reports
Result Total = Relative %
General None Reported / Taken (No action was taken as a result of the | 68 26.6%
fatigue issue reported)

General Work Refused (Fatigue caused a worker to refuse an assignment) | 21 8.2%

General Maintenance Action (Typically a fatigue event related to a | 14 5.5%
maintenance issue—not related to this final rule).

Flight Crew Became Reoriented (Confusion related to some type of | 10 3.9%
malfunction.)

Flight Crew Took Evasive Action (Crew took action to avoid an accident | 8 3.1%
or incident)

Air Traffic Control Issued New Clearance (Substitute clearance given to | 5 2.0%
get back on track)

Flight Crew Executed Go Around / Missed Approach 5 2.0%

One captain on an international flight described an onerous flight sequence in the Pacific he

believed to be unsafe due to cumulative and predictable fatigue:
“This report concerns a trans-Pacific flight assignment including back to back all night pairings
(body clock), two un-augmented inter-Asia segments and 36 hours of flight time. We started
the sequence with a 12.7 hour actual flight, single augmented with an hour plus delay on the
front end. When we arrived we cabbed to downtown for an additional 1.5 hours on the body
before rest. The first internal Asia leg is all night, un-augmented. The return leg is daylight-but
all night body time-followed by another 1.5 hour cab ride downtown. The [opportunities for]
rest were insufficient to maintain any alertness particularly on the last leg. Both the First
Officer and I experienced periods of unintended sleep while at the controls. No amount of
coffee or mental discipline was sufficient to stay awake!!! This is unsafe and made more unsafe
by requiring: 1. Over 12 hours single augmented on the first leg. 2. Two un-augmented legs on
the back side of the clock with long preflight awake hours. 3. Over 8 extra hours of "duty time"

in CABS!!! Rework this trip before someone gets hurt. No one in the cockpit for the last 6
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hours was at their peak to respond to irregular situations. We weren't even able to stay awake

the whole time in the seat”.

Even if no anomalies occur during a flight, a fatigued crew may be poorer problem
solvers than well-rested crews as noted in the research cited above, and thus add a degree of risk
to the system. In addition, taking evasive action and missed approaches because of fatigue are

serious safety events indicating substantial risk manifesting in the current system.

Effectiveness

It is usually the case that multiple factors can be identified as causes of specific accidents,
and it is seldom the case that a specific rule is 100 percent effective at addressing a variety of
accident causal factors. In particular, fatigue is rarely a primary or sole cause of an accident, and
therefore this final rule will not likely prevent all future fatigue related accidents. For this final
regulatory evaluation, we have established a modified effectiveness ratio to categorize accidents
for which fatigue may be a contributing causal factor. This number represents the likelihood the
requirements contained in this final rule would have prevented an accident from occurring. It is
applied in the calculation of the number of forecasted fatigue accidents, if no action was taken to
address the fatigue problem in Part 121 operations.

In its analysis of the effectiveness of the final rule, the FAA reviewed accidents that
could have been prevented or could have been influenced by the requirements contained in this
final rule. The effectiveness analysis works by assessing the likely capability of the
requirements contained in the final rule to have prevented those accidents. As part of this
analysis, the Office of Accident Investigation reviewed the accident reports from NTSB and
foreign investigative authorities on all accidents where the NTSB cited fatigue or fatigue was

thought to be either a cause or factor. This was done in order to assess the likelihood that the
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provisions of the final rule would have averted those accidents (including positioning flights
operating under Part 91).

A consistent definition was applied to the 20-year history as the requirements of the rule
apply to all Part 121 operations. As such, we reviewed the accident history for all operations that
would currently operate under Part 121. The final analysis will take into account NTSB
findings, FAA’s independent assessment, and comments to the docket. Some accidents reviewed
scored “zero” because fatigue could not be established as a significant factor or because the final
rule would not prevent such an event had the requirements been in place today. These accidents
were removed from our effectiveness analysis and forecast. Because this final rule does not
mandate compliance with Part 117 for all-cargo operations, we also removed them from our final
analysis. Anticipated costs and benefits for these operations, were the rule to apply on a
mandatory basis, are provided in footnotes to the relevant discussions in this document.

Each accident was then re-evaluated by conducting a scoring process similar to that
conducted by the Commercial Aviation Safety Team (CAST), a well-documented and well
understood procedure, similar to the NPRM. The FAA Office of Accident Investigation used the
NTSB recommendations along with narratives, probable cause, contributing factors and other
pertinent data to score the accidents. When these accidents were not well defined in the probable
cause or contributing factors statements of the NTSB reports, Accident Investigation used a Joint
Implementation Monitoring Data Analysis Team (JIMDAT)-like method. The JIMDAT-type
scoring system is from O to 5, and the score is based on the likelihood that a proposed action
would have mitigated that accident. The level and percentage of effectiveness criteria are

detailed in Table 3.
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Table 3: JIMDAT-Type Scoring System

90% effectiveness. The proposed requirement directly addresses the NTSB causal factors
and would very likely prevent the accident in the future.

75% effectiveness. The proposed requirement directly addresses the majority of the
NTSB causal factors and would probably prevent or is likely to reduce the risk of the
respective accident, given the circumstances that prevailed.

50 % effectiveness. The proposed requirement directly addresses one of several NTSB
causal factors and is likely to reduce the risk of the respective accident, given the
circumstances that prevailed.

35% effectiveness. The proposed requirement generally addresses the NTSB causal
factors and is likely reduce the risk of the respective accident, given the circumstances that
prevailed.

15% effectiveness. The proposed requirement is likely to have reduced the risk of the
respective accident, given the circumstances that prevailed.

0% effectiveness. The proposed requirement would not reduce the risk of this type of
accident in the future.

FAA applied this methodology to each pilot fatigue accident to reach an overall

effectiveness ratio for the requirements contained in this final rule. The qualitative assessments

ranged from zero (0) to low (1), moderate (3), high (4) and very high (5). The qualitative

assessments then were converted to quantitative effectiveness scores as follows: zero; 15%; 35%;

50%; 75%; and 90%.

For this analysis, the FAA presents the quantified benefits and effectiveness analysis for a

10-year period that parallels the cost analysis. Although we only forecast ten years of benefits,

we have included a twenty year history of accidents, as these are the circumstances and events

which have led to this final rulemaking. Table 4 summarizes the past twenty years of pilot

fatigue accidents. The appendices contain a summary of each accident and the corresponding

effectiveness analyses.
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Table 4: 20 Year Accident History

) ) ) On Dam- .
Date Location Service | Carrier A/C Ftl | Ser Scenario Score
Bd age
. LOC on
07/02/1994 | Charlotte, NC | 121 Pax | US Air MD-82 |57 |37 |16 | Dest , 0.15
Approach; Icing
Kansas City, LOC in RTO;
02/16/1995 | Ferry ATI DC-8-63 | 3 3 0 Dest Engine Out 0.9
12011995 | 4 121 Pax | American B757 164 | 160 | 4 | Dest | CFIT High 0.35
Colombia
08/25/1996 | JFK, NY 121Pax | TWA Lol |262]0 |0 | sub Tail Strike 0.35
Landing
lgan Ai Hard Landi
01/22/1999 | Hyannis, MA | Positioning Sf;ﬁagnl) ‘r BE-1900 |4 |0 |0 | Dest (Ba];T A;‘n g 0.15
05/08/1999 | JFK, NY 121 Pax g:;?can SF34 30 |0 |1 | su RE Landing 0.5
06/01/1999 k‘gle Rock 1 51 pax | American MD-82 | 145 | 11 |45 |Dest | RE Landing 0.15
Corporate
10r1972004 | Kirksville, 121 pax | Arlines as BAE32 |15 |13 |2 | Dest |CHITLowon 0.75
MO American Approach
Connexion
. Comair as
08/27/2006 | exington, 121 Pax | Delta CRI-200 | 50 |49 |1 Dest | rongRunway |,
KY . T/O
Connection
Shuttle
02/18/2007 | Cleveland. 121 pax | Americaas ERI-170 |74 |0 |0 |Sub | RELanding 0.5
OH Delta
Connection
047122007 | Traverse City, | o) b, Pinnacle as CRI200 |52 |0 |0 | sub RE Landin 0.9
MI x NW Express 4 £ ’
06/20/2007 | Laramie, WY | 121 Pax | GreatLakes | BE-1900 | 11 |0 |0 | Sub LOC Bounced 1, |5
Landing
. DHC-8- LOC In Flight;

2/12/2 Buffal 121 P lgan A 4 Dest .
02/12/2009 uffalo ax Colgan Air Q400 9 50 |0 es RE Landing 0.5
Average 52.5%

Quantitative Benefits

James Reason characterizes major accidents and catastrophic system failures as the

consequences of multiple, smaller failures that lead up to the actual accident. It is a “Swiss
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cheese” model of human error'® and also a sequential theory of accident causation. Reason’s
model describes four levels of human failure, each one influencing the next. Organizational
influences lead to instances of unsafe supervision which in turn lead to preconditions for unsafe
acts and ultimately the unsafe acts of operators. The unsafe acts of operators are where most
accident investigations are focused. It is a useful framework to illustrate how analyses of major
accidents and catastrophic systems failures tend to reveal multiple, smaller failures leading up to
the actual accident. The chances of the exact same circumstances happening again and causing
the “same accident” are virtually nil but the possibility of preventing a similar set of
circumstances is real.

This sequential “Swiss cheese” formulation is a very appropriate tool for characterizing
the circumstances leading up to accidents. The nature of fatigue is such that actions, reactions
and the thought processes of fatigued crews are more susceptible to the types of cascading errors
of judgment described in the Reason model of catastrophic failure. The requirements contained
in this final rule will decrease pilot fatigue and therefore the accompanying accidents that are
associated with fatigue. While it is very