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Maritime pilot: ... a mariner with expert knowledge of local waters and special ship
handling skills. The pilot directs and controls the movement of a vessel through near-
shore and inshore waters (referred to as pilotage waters or pilot grounds) unfamiliar to the
master or provides navigation advice to or through the master for this purpose. The pilot
is expected to integrate local knowledge with operational information to effect a safe
passage.”

(Minding the Helm: Marine Navigation and

Piloting, 1994)



1 Glossary

Term

Description

Assignment

A duty period including vessel movements,
repositions, upgrades, meetings, and training

Calendar year analysis

The one-year period between January 1, 2018 and
December 31, 2018

Callbacks Work shifts where pilots are called to work at
times when they were off call.

Call time The time when a pilot is given an assignment.

Check-in time The end of a work assignment.

Circadian low The point in the circadian rhythm associated

with lower body temperature, reduced alertness,
reduced cognitive performance, and increased
drive for sleep. It typically occurs between
0100-0600 in individuals who are entrained to
the light-dark cycle of their local environment.

Circadian rhythm

The rhythmic 24-hour variability of certain
behavioral and physiological functions (e.g.,
sleep/wake cycle, body temperature).

Compensation days (‘comp’ days)

Days off accrued by the pilots for days worked
during off call periods.

Work period/duration The duration of time from the call time until the
check-in time.
Fatigue A biological drive for recuperative rest.

Job start time (job time)

The time when the pilot boards a vessel.

Completion time

The time when the pilot disembarks a vessel.

Multiple harbor shift (MHS) A series of harbor moves completed by a single pilot
during one work period.

Off-watch The 13-day period during which a pilot is not
available for pilotage.

On-watch A week or weeks during which a pilot is
available for work at any time.

Rest period The period from check-in time to call time.

Reposition (‘repo’)

An assignment that involves moving a pilot
from one location to another in order to position
pilots in a location appropriate for completing
vessel movements.

Skill fatigue The degradation in skilled performance that can
occur after sustained periods of intense
concentration.

Sleep apnea A medical condition in which the upper airway

is obstructed during periods of sleep, resulting
in intermittent hypoxia, episodic arousals, and
sleep fragmentation.
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Sleep debt

The deficit between the amount of sleep needed
and the amount of sleep obtained. Sleep debt
can accumulate over multiple nights, producing
progressively more severe performance
impairment.

Sleep inertia

The “grogginess”, “disorientation”, and
associated performance impairments
experienced upon waking.

Trailing 12 months

The 12 month period from October 2017 until
the end of September 2018

Upgrade A vessel move assignment completed by a pilot
in order to upgrade his/her pilot license.
Work period The period from the call time to the check-in

time.
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2 Structure of this document

This document begins with an introduction to the topic of fatigue, its causes, and its
impact on human performance. The work of Puget Sound Pilots (referred to simply as
“pilots”) is then described. We then review the literature on fatigue in transport and
industry, including prior studies of maritime pilots. We next present our two primary data
analysis efforts 1) descriptive statistics summarizing factors likely to influence fatigue,
including questions posed by the Board of Pilot Commissioners Fatigue Management
Committee based on 12 months of dispatch data that was provided to us by the pilots, 2) a
model estimating staffing requirements to account for the assignment level and adherence
to fatigue risk management policies. Following a final summary and conclusions section,
we list a series of recommendations intended to assist the Puget Sound Pilots as it
develops mitigation systems and regulations to manage the risk of pilot fatigue.
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3 Background
The Puget Sound Pilots

In 1789, the US Congress passed the Lighthouse Act to provide the legal framework of
maritime piloting (Hobbs et al., 2018). Over a century later, the Puget Sound Pilots (PSP)
were established. The first record of pilotage on the Puget Sound was made in 1840 and
the hazards and risks of the job are largely the same now as they were at that time (Smith,
2014). The PSP are licensed for 52 highly skilled independent professional contractors
authorized by the Washington Board of Pilotage Commissioners (BPC) to safely pilot
container ships, oil tankers, cargo vessels, and cruise ships through Puget Sound waters.
On average, there are more than 7,000 pilot driven ship movements per year in the Puget
Sound. The mission of the Puget Sound Pilots is to safely pilot vessels through the Puget
Sound in order to prevent loss of lives, damage to property and vessels, and harm to the
marine environment ("Puget Sound Pilots," 2019).

The Puget Sound waterway is bordered by the Olympic Mountain Range to the West,
Canada to the North, Tacoma to the South, and Seattle to the East (Figure 1). Puget
Sound includes 7,000 square miles of waterway, 14 major ports and two dispatch hubs
(i.e., Port Angeles Pilot Station and Seattle) ("Puget Sound Pilots Website," 2019). The
geographical location of Puget Sound can produce extreme and unpredictable weather
conditions and waterway changes when compared to other ports around the US
(Washington state pilotage final report and recommendations, 2018). For example, fog,
storm cells moving directly through the sound, and drastic changes in tides and currents
complicate navigation of ship traffic through the Sound.

The Puget Sound Pilots service vessels using a “board-on-arrival” model of service,
where a pilot is dispatched to guide a ship through the Sound upon arrival in the
waterway or as requested for departure or other ship movements. In order to provide
board-on-arrival service, the pilots work an on-call watch schedule, where half of the
licensed pilots are scheduled for 15 consecutive days on at a time. During the on-watch
period, pilots may be called to board a vessel at any time of day or night. The pilots
available for work on a given watch are assigned work by dispatch in a rotation, whereby
after a pilot completes a vessel move, s/he will be moved to the bottom of the watch list
and will not be assigned another assignment until all available qualified pilots on the list
have been assigned work. Ship traffic is monitored, and projected arrival times are
reviewed by dispatchers, but a variety of factors can influence the actual arrival time
relative to the scheduled arrival time. The unpredictable nature of the rotation of pilots,
coupled with unpredictable ship arrival times leads to irregular and unpredictable
schedules. Adding to these challenges, the border with Canadian waters and differences
between maritime operations in the two countries can reduce the predictability of ship
arrivals. Ship traffic is only allowed to the ports in British Columbia during specific
windows of time. If a Canada-bound ship misses a window, then they will go to the Puget
Sound. (Communication from the President of the Puget Sound Pilots, September 14,
2018). A consequence of irregular schedules and the unpredictable nature of PSP
operations introduces the concern that pilots may not be able to obtain sleep of adequate
quantity and quality. Such sleep deficiency increases the risk of performance impairment.

7
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As a result, the goal of the current study was to evaluate one year of PSP dispatch records
to identify potential areas of concern, to recommend work hour changes based on any
issues identified, and to determine how many pilots should be licensed in order to
continue board-on-arrival service, while also minimizing the impact of fatigue.

Causes and Consequences of Fatigue

Fatigue is a major threat to safety in industries that require irregular schedules and 24-
hour operations with numerous incidents and accidents being attributed to fatigue (Mitler
et al., 1988). Indeed, in approximately 20% of incidents investigated by the National
Transportation Safety Board (NTSB) over a 12-year span, fatigue was implicated as a
causal factor (Marcus & Rosekind, 2016). The reduction of fatigue-related accidents in
all transport modalities and a requirement for medical screening and treatment for sleep
apnea are both included on the NTSB’s list of ten “most wanted” safety priorities.

3.1.1 Definition of Fatigue

This report will use the term fatigue to describe changes in alertness and cognitive
performance arising from sleep loss, circadian misalignment, and sleep inertia. Each of
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these factors are described in detail below. We recognize that the term fatigue can be
used to describe other conditions, such as physical discomfort stemming from muscle
exertion and degradation of performance due to elevated workload or sustained mental
focus. While these forms of fatigue may degrade performance, they are difficult to
quantify and are outside the scope of this report.

3.1.2 Sleep and Circadian Rhythms

The drive for sleep is regulated by two processes: homeostatic sleep pressure and the
circadian rhythm. Homeostatic sleep pressure builds up with hours of wakefulness and is
dissipated by time spent asleep. Therefore, the longer an individual is awake, the higher
sleep pressure will be. The circadian rhythm is often referred to as the body clock. It
typically promotes sleep at night and wakefulness during the day. When an individual
obtains regular, nighttime sleep opportunities, these two processes interact to promote
consolidated sleep at night (Dijk & Czeisler, 1994). Under these optimal conditions,
homeostatic sleep pressure builds up across the day until sleep onset. In order to maintain
wakefulness until bedtime, the circadian rhythm in alertness is highest in the hours just
before regular bedtime, counteracting the high sleep drive until it is time to sleep. As
bedtime approaches, the circadian rhythm starts to promote sleepiness which, in
combination with a high homeostatic drive, initiates sleep. As sleep pressure dissipates
throughout the sleep episode, the circadian rhythm in alertness drops to its lowest level in
the last third of the sleep episode in order to promote a consolidated bout of nighttime
sleep. Perturbations to this balanced interaction can lead to sleep loss and fatigue, as
described below.

3.1.3 Acute Sleep Loss

Acute sleep deprivation arises from spending too many continuous hours awake, i.e.,
increasing the homeostatic sleep drive past the regular threshold for sleep (Dijk & von
Schantz, 2005). Laboratory studies have shown that as hours of wakefulness increase past
16 hours, cognitive performance rapidly degrades (Dijk, Duffy, & Czeisler, 1992) with
sustained wakefulness of 18 hours leading to performance decrements equivalent to
having a blood alcohol concentration of 0.05%, the legal drink drive limit in several
countries (Dawson & Reid, 1997).

Acute sleep loss can also be referred to as extended wakefulness and is common in
shiftwork environments with long shifts or irregular schedules that make it difficult to
plan pre-shift sleep. For example, prior to a night shift, it is often difficult to sleep during
the daytime. Therefore, workers are often awake for more than 24 hours at the end of the
night shift. This first night shift is associated with impaired performance (Santhi,
Horowitz, Duffy, & Czeisler, 2007). Furthermore, working overtime and extended shifts
is associated with a higher rate of injuries and accidents (Barger et al., 2005; Lombardi,
Folkard, Willetts, & Smith, 2010).
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3.1.4 Chronic Sleep Loss

Recent consensus statements from the National Sleep Foundation and American
Academy of Sleep Medicine suggest that adults need 7-9 hours of sleep per night for
optimal alertness during the day (Hirshkowitz, 2015; Watson et al., 2015). If an
individual obtains as little as two hours less sleep than they need each night, this sleep
debt can accumulate leading to chronic sleep loss and impaired performance (Belenky et
al., 2003; Van Dongen, Maislin, Mullington, & Dinges, 2003). With each additional night
of reduced sleep, performance will be worse than it was the day before. Indeed, chronic
sleep loss can have impacts on performance that are as severe as those from acute sleep
loss. For example, following sleep restriction of a six-hour opportunity per night across
10 days, performance impairment was degraded to the equivalent of one whole night of
sleep loss (Van Dongen et al., 2003).

Despite sleep duration recommendations, work and life demands, poor sleep hygiene and
sleep disorders result in most adults obtaining less sleep than they require, with nearly
30% of the US population reportedly obtaining six or fewer hours of sleep per night
(Krueger & Friedman, 2009; Luckhaupt, Tak, & Calvert, 2010). Further, several studies
have demonstrated that airline pilots, truck drivers, and heath care providers working
non-standard hours regularly obtain two or three hours less sleep than their optimal daily
requirement (Rosekind, 2005). Analysis of time-use data reveals that work and sleep time
are inversely related (Basner & Dinges, 2009), suggesting that work schedules can be a
primary cause of sleep loss. In addition, fatigue has been shown to increase with the
number of consecutive shifts (Folkard, Lombardi, & Tucker, 2005), especially across
consecutive night shifts (Aisbett & Nichols, 2007).

3.1.5 Circadian Misalignment

Sleep timing, along with many other physiological processes, is coordinated by a
biological clock that operates on a near-24-hour daily (circadian) cycle (Czeisler &
Gooley, 2007). In order to align the circadian rhythm with the 24-hour solar light-dark
cycle on Earth, the internal biological clock must be reset each day. Exposure to light is
the single most powerful resetting agent (Czeisler, Weitzman, Moore-Ede, Zimmerman,
& Knauer, 1980). If an individual is not exposed to light, the circadian rhythm will revert
to its own internal time-keeping, which can create a transient misalignment between the
solar day and internal timing (Flynn-Evans, Tabandeh, Skene, & Lockley, 2014). Light
exposure at different times has different effects. For example, light in the biological
evening (i.e., at habitual bedtime) can delay sleep timing, pushing sleep and wake times
later, while light in the biological morning can shift sleep and wake times earlier. There
are many factors which determine the effectiveness of light to reset the body clock,
including the intensity, wavelength, pattern, and duration of the light exposure. When an
individual is exposed to light during the biological night, such as is the case for shift
workers and those experiencing jet lag, misalignment between the drive to sleep and the
need to be awake, can occur.

With careful control of light exposure, it is possible for individuals to adjust to jet lag or

10
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stable shift schedules; however, it can take many days to adapt. Although such adaptation
is possible, it is typically not practical in most shiftwork situations, where individuals
revert to being awake during the day and asleep at night on days off (Smith & Eastman,
2012). Under typical circumstances, shiftwork or non-standard working hours may move
the body clock by a few hours either side of the local norm (Flynn-Evans et al., 2018);
however, the powerful effect of sunlight exposure prevents all but a few shiftworkers
from adapting fully to non-standard hours (Hursh, Balkin, & Van Dongen, 2017).

A range of cognitive performance measures (including reaction time and short-term
memory) have been shown to exhibit circadian rhythms, with reduced performance
during the night hours, and improved performance during the normal hours of daylight
and evening. Alertness and cognitive performance typically improve throughout the
morning, as a function of the circadian drive to wake, even for a person who is sleep-
deprived (Angus & Heslegrave, 1985).

The low point of the circadian rhythm typically occurs between 0200-0600h in
individuals who sleep during the night and are awake during the day. The circadian low is
characterized by lowered body temperature, diminished alertness, reduced cognitive
performance, and an increased drive for sleep. A second, less pronounced period of
increased fatigue and lowered performance typically occurs at around 1500h (Hursh,
Balkin, Miller, & Eddy, 2004; Minors & Waterhouse, 1985). This period is sometimes
referred to as the “post-lunch dip” however, it occurs even when no meal has been eaten.
If an individual has partially adapted to a new circadian timing due to shiftwork or jetlag,
this low may occur at other clock times that may be misaligned with the need to sleep or
be alert.

There is individual variation in the preference for wake and sleep timing (known as
chronotype). Morning types, commonly referred to as “larks” have a preference for
waking early and going to bed early, whereas “night owls” evening types prefer to wake
late and go to bed late (Horne & Ostberg, 1976). Beyond the preference for wake and
sleep times, there is often an associated behavioral preference for when to perform
mentally demanding tasks. Night owls tend to perform better later in the day when
compared to their lark counterparts (Horne, Brass, & Petitt, 1980).

Daytime work hours are aligned with our circadian tendencies as work is set within the
period characterized by a high circadian drive for alertness. However, shift work
schedules covering 24-hour operations, especially night shifts, set work when the body is
primed for sleep. This misalignment between the body clock and work timing leads to
fatigue in two ways: (1) working at times when the circadian pressure for sleep is high
(e.g. at night); and (2) by reducing the quality of preparatory and recovery sleep during
the day when the circadian rhythm is promoting wakefulness. For example, studies of
shiftworkers show a distinct peak in performance inefficiency (Folkard & Tucker, 2003)
2003), occupational injuries (Folkard, Lombardi, & Spencer, 2006) and subjective
sleepiness (Folkard et al., 2005) between 0200-0600h. Further, shift workers report less
sleep on night shifts than on day shifts or days off (Ferguson, Baker, Lamond, Kennaway,
& Dawson, 2010).

11
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3.1.6 Sleep Inertia

The term sleep inertia refers to the transient feeling of “grogginess”, disorientation, and
associated performance impairment experienced upon waking (Jewett et al., 1999).
Typically, sleep inertia dissipates in an asymptotic manner until approximately two hours
after waking (Jewett et al., 1999), with most severe impairments occurring in the first 3-
20 minutes after waking (Wertz, Ronda, Czeisler, & Wright, 2006). In the short-term, the
performance impairment associated with sleep inertia can outweigh the recuperative
effect of a nap (Ruggiero & Redeker, 2014). For example, it has been observed that
performance after waking from a nap can be worse than performance after 21h of
continuous wakefulness (Hilditch, Centofanti, Dorrian, & Banks, 2016) and modelling
estimates that this may be the case following 48h of continuous wakefulness (Wickens,
Laux, Hutchins, & Sebok, 2014).

The severity and duration of sleep inertia is dependent upon a number of factors
including prior sleep history, sleep length, time of awakening, and sleep stage prior to
waking (Tassi & Muzet, 2000). Sleep inertia tends to worsen with prior sleep loss (both
acute and chronic), when awakening during the biological night, following long naps
(>30min), and when woken from deep sleep (Scheer, Shea, Hilton, & Shea, 2008). The
impact of sleep inertia also appears to be dependent on the type of task that is being
completed during the sleep inertia episode with selective attention being particularly
sensitive (Burke, Scheer, Ronda, Czeisler, & Wright, 2015). Although the factors
described above can exacerbate sleep inertia severity and duration, it is important to note
that sleep inertia can still occur following habitual sleep, brief naps, awakening from any
sleep stage, and at any time of day (Achermann, Werth, Dijk, & Borbely, 1995; Hilditch,
Dorrian, Centofanti, Van Dongen, & Banks, 2017).

Sleep inertia is of concern in workplaces where people must perform a critical function
immediately after awakening, such as those who work on-call, or nap on-shift. There are
several instances of real-world accidents in which sleep inertia was listed as a
contributing factor (Transportation Safety Board of Canada, 2011; Government of India
Ministry of Civil Aviation, 2010). Data from the Air Force suggest that the risk of a plane
crash is higher in the first hour after waking (Ribak et al., 1983). In the maritime industry,
an incident involving the heavy contact of two vessels was suspected to be partially due
to sleep inertia. The chief officer of a platform supply vessel had only been awake for
four minutes before arriving on the bridge to be briefed and make critical decisions that
led to the incident (Marine Accident Investigation Branch, 2011).

3.1.7 Sleep Disorders

Chronic sleep loss may also arise from untreated sleep disorders, notably obstructive
sleep apnea (OSA) and insomnia. OSA is a medical condition in which the upper airway
is obstructed during periods of sleep, resulting in periods of reduced blood oxygen levels,
and frequent arousals from sleep leading to sleep fragmentation (Young et al., 1993). Up
to 18% of the population may be affected by OSA (Kang, Seo, Seo, Park, & Lee, 2014;
Young et al., 2002).

12
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OSA is a particular concern in the transport industry (Moreno et al., 2004). In the
maritime sector, attention focused on this issue following a collision at Port Arthur, TX
involving a vessel under the control of a maritime pilot who was suffering from untreated
OSA (Strauch, 2015). Reid, Turek, and Zee (2016) found that personnel in the tug,
towboat and barge industry had a higher level of risk factors for OSA compared to the
general population. Based on this finding, it was recommended that the maritime industry
follow the lead of other industries to improve screening and treatment for OSA and other
sleep disorders.

3.1.8 Performance Effects of Fatigue

The effects of fatigue on cognitive performance are well-documented. The ability of an
individual to self-assess their own fatigue, however, can be poor (Van Dongen et al.,
2003). The detrimental effects of fatigue on human performance include slowed reaction
time, impaired decision making, reduced attention, and increased incidence of human
error (Van Dongen et al., 2003; Wickens, Hutchins, Laux, & Sebok, 2015).The
International Maritime Organization lists the following possible effects on fatigue on job
performance of maritime pilots (Table 1) (Guidelines on Fatigue, 2001).

Table 1 Signs And Symptoms of Fatigue-Related Performance Impairment

Inability to concentrate

*Unable to organize a series of activities

*Preoccupation with a single task

*Focuses on a trivial problem, neglecting more important ones
*Less vigilant than usual

Diminished decision-making ability

*Misjudges distance, speed, time, etc.

*Fails to appreciate the gravity of the situation
*Fails to anticipate danger

*Fails to observe and obey warning signs
*QOverlooks items that should be included

*Chooses risky options

*Has difficulty with simple arithmetic, geometry, etc

Poor memory
*Fails to remember the sequence of task or task elements

*Has difficulty remembering events or procedures
*Forgets to complete a task or part of a task

Slow Response
*Responds slowly (if at all) to normal, abnormal or emergency situations

13
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Mood change
*Quieter, less talkative than usual

*Unusually irritable

Attitude change
*Unaware of own poor performance
*Too willing to take risks
*1gnores normal checks and procedures
*Displays a “don’t care” attitude
International Maritime Organization, 2001

3.1.9 Impact of Fatigue in the Maritime Industry

Fatigue is a long-recognized hazard that must be managed in the maritime industry
(Guidelines on Fatigue, 2001; Sanquist, Raby, Maloney, & Carvalhais, 1996). This is in
line with McCallum, Raby, and Rothblum (1996), who estimate that 16% of maritime
accidents are related to fatigue. It is not necessary here to summarize the extensive
literature on maritime fatigue, however, the following examples serve to illustrate the
extent of the problem.

Folkard (1999) and Filor (1998) reported that groundings were more common at night
than during the day. Another study showed a similar peak in ship collisions in the
morning hours based on data drawn from 123 insurance claims (Folkard, 1997). Although
the timing of these incidents may also reflect the relative availability of visual cues at
night, the peaks are in line with data from other industries in which light is not a factor
(e.g. in factories). An examination of 279 maritime accidents identified other major
factors as contributing to fatigue in these incidents such as the number of consecutive
days worked, days worked in the prior month, and hours on duty prior to the accident
(McCallum et al., 1996). In estimating the risk of groundings, Akhtar and Utne (2014)
analyzed 93 incidents and concluded that a fatigued operator on the ship's bridge
increased the probability of groundings by 23%. This finding is similar to that reported
by Starren et al. (2008) who found that between 11 - 25% of groundings and collisions
are at least partly due to fatigue.

The broader sleep, circadian, and fatigue literature from in-laboratory studies together
with the analysis of sleep, fatigue, performance, and safety indicators across multiple
industries support the evidence of fatigue-related events in the maritime industry. These
studies and events point to a direct need for greater study and management of fatigue in
this industry.

Relationship Between Work Assignments, Scheduling and Staffing Levels

The relationship between work assignments, work scheduling and staffing levels are
intertwined. The number and duration of tasks required to complete job assignments
directly informs scheduling and staffing needs. Task assignments are typically the
primary driver of staffing needs for a given organization, but task assignments are not the
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only consideration in determining staffing levels. Other factors, such as training,
skills/licensing level of workforce, attrition, administrative responsibilities, and workload
must all be considered when determining staffing needs. In addition, in industries where
the timing of task execution is uncertain, particularly in transportation where weather and
other factors can cause schedule delays, additional personnel may be needed to provide
flexibility in service requirements. Similarly, in 24-hour operations, sleep loss and
circadian misalignment interact with work hours, such that the risk of an operational error
or accident after work increases due to fatigue. As a result, work hour restrictions may be
necessary to manage fatigue, which also influence staffing levels.

The relationship between work hour rules and staffing needs is not always straight
forward, particularly in industries that have unpredictable or safety-critical operations. In
many safety-sensitive occupations, regulation determines the maximum work shift length
and/or how many individuals are required to perform a given task. These parameters
directly inform the number of individuals that are needed to complete task assignments.
For example, in US passenger-carrier aviation operations, the Federal Aviation
Administration (FAA) restricts the number of hours that a pilot is allowed to work based
on the time-of-day and type of operation (i.e. long-haul or short-haul flight) (FAA
regulation part 121, section 117). When weather or other factors lead to flight delays,
reserve pilots are scheduled to be on call to take over flights from pilots who would
otherwise exceed work hour limits. Similarly, in locations where pilot staffing is needed,
but where few pilots live, airlines must arrange to position pilots to meet all service
requirements (i.e. “deadheading). In addition, the FAA requires that additional pilots are
scheduled to operate long-haul flights in order to provide rest opportunities during
extended duty work shifts. These factors must be taken into account when determining
how many pilots are required to meet service needs.

Given the nature of on-call schedules and board-on-arrival service in the maritime
industry, more staffing may be needed to ensure that all ship traffic can be accepted as
requested. According to an analysis of the San Francisco Bar Pilot operations, 23 pilots
were estimated to be available to move ships on an average day, despite having 60
licenses (Hobbs et al., 2018).

4 Analysis of Dispatch Records

The goal of the study was to identify characteristics of the Puget Sound Pilot schedules
that could increase the likelihood of fatigue and to develop a model to project the number
of pilots needed to provide board-on-arrival service, while accounting for new work hour
rules to reduce the likelihood of schedule-induced fatigue. There were two analysis
activities undertaken to better understand the characteristics of the PSP work scheduling
practices: (1) analyzing scheduling patterns for both work and off-watch period durations
with time of day considerations; (2) using the dispatch data to generate a predictive
model to estimate the number of pilots needed to provide board-on-arrival service. The
scheduling factors considered were based on those identified by Rosekind (2005) and
based on a request provided to PSP from the Board of Pilotage Commissioners (BoPC;
memo dated August 10, 2018). Model-building required inclusion of additional factors
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such as volume of vessel traffic, types of assignments, retirements, travel, and
administrative requirements (memo from BoPC to PSP on January 17, 2019).

Table 2. Scheduling factors considered in the present study.

Work Scheduling

Fatigue Risks

Fatigue Management

1. Length of work period

2. Length/timing of time off
between work periods

3. Night work/time of day

4. Consecutive days/nights
working

5. Work period start time
variability

6. Recovery periods between
work cycles

7. Number of callbacks

Long hours awake and
time on task lead to
increased risks

Inadequate or poor sleep
leading to acute sleep loss

Window of circadian low
and early morning starts
related to increased
sleepiness and reduced
performance

Accumulated effects of
operational demands and
short-term chronic sleep
loss

Disruption of circadian
rhythms
Long-term chronic sleep

restriction

Long-term chronic sleep
restriction

Limits hours awake and
time on task

Provide adequate sleep
opportunity

Limitations on time
working when
physiological alertness
reduced

Limit cumulative effects of
work and sleep loss

Stability in daytime work
timing allows circadian
clock to stay in sync

Provide adequate nighttime
recovery sleep
opportunities

Provide sufficient
opportunity for recovery
and rest

Data and Processing

Scheduling data were obtained from PSP dispatch records. A total of 7,369 vessel moves
completed by 54 unique pilots from October 2017 to September 2018 (the “trailing 12
months”) were included in the current analysis (including some who did not work the
entire year due to retirements and new hires). A second analysis comprised 7,334 vessel
moves for the calendar year from January 2018 to December 2018 was also performed
(“calendar year analysis”). These separate analyses were completed, because PSP
instituted a 10-hour minimum rest period beginning in October 2018. The trailing 12-
month analysis allowed us to evaluate schedules before the implementation of these
changes, while the calendar year analysis was completed to conform to the period of time
typically assessed for the evaluation of pilot staffing needs.
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In our statistical analyses, administrative work by the President of the Puget Sound Pilots
was excluded. Dispatch information provided included “call time” and “check-in time”
times for every work period (used to define start and end of work periods), “travel time”
(i.e. allotment of time to travel to the assignment),“job time” (time of vessel boarding)
and “completion time” (time of disembarking from the vessel) for every job within each
work period, along with the to and from locations for each job. In addition, “reposition
times” were included in the data (times when an individual must be moved from one duty
station to another, similar to deadheading in aviation).

The dispatch data that was evaluated for this report was entered as an archival record and
not for the purposes of surveillance and analysis. As a result, there were inconsistencies
in some data entries that had to be reconciled prior to analysis. For example, when an
individual had a series of training days, this was typically noted only on the first day in
the series. Some types of vessel moves were modified from the dispatch dataset to
account for common work scheduling practices as follows:

4.1.1 Multiple Harbor Shifts

Data were pre-processed to identify situations where a single pilot completed multiple
short harbor moves within a work period. In these cases, the work period was defined as a
multiple harbor shift (MHS) and was considered to last from the call time for the first
vessel move to the check-in time of the last vessel move. In our analyses and plots
multiple harbor shifts are listed as a single vessel move.

4.1.2 Cruise Ship Moves

During the timeframe reviewed, a single pilot would typically complete the inbound and
outbound sailings for cruise operations. For these operations, each cruise ship move was
considered as a separate assignment, with the time between the two moves considered a
rest break.

4.1.3 Reposition Associated Moves

When vessel moves occurred within six hours of a reposition assignment, the reposition
shift was combined with the vessel move in the data file and was considered a “reposition
job.” The work period for these moves was considered to last from the call time for the
first assignment to the check in time for the vessel move.

Statistical Analysis

Descriptive statistics were calculated from the ‘trailing 12 month’ dataset.
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4.1.4 Linear Regression Modeling

We used a linear regression model to estimate the number of pilots required to handle all
work assignments while reducing the frequency of callbacks and while accounting for
work hour rules aimed at mitigating fatigue. Model building was conducted twice, once
for the trailing 12 dataset and once for the calendar year dataset. Data were structured as
frequency counts per day in order to allow for estimation of the impact of parameter
changes on pilot staffing levels using intuitive inputs (i.e. inputs that could be modified
by PSP to estimate the impact of a variety of hypothetical changes). Candidate predictors
for the model were selected a priori, based on scheduling factors identified by Rosekind
(2005) and a fatigue risk management review that was presented to the Board of Pilot
Commissioners (Table 2). Predictors were screened to confirm a linear relationship to
staffing levels. Predictors that were significant at the p < 0.20 level in the initial model
were included in the final model. Beta coefficients and their associated confidence
intervals were calculated for each predictor. These beta coefficients were then multiplied
by hypothetical changes in work factors to estimate the number of pilots needed to
complete work tasks given potential changes. For example, a beta coefficient was
calculated to estimate the relative impact of callbacks on pilot staffing needs. This allows
for input of different estimates for the number of callbacks per day and the associated
impact on staffing levels by multiplying the beta coefficient by the estimated change in
callbacks.

Given the current scheduling convention in maritime operations, approximately half of
the pilots are scheduled to work most days, therefore the model estimates the number of
pilots required on a single watch day. In order to determine total pilot staffing needs
within this day-off-for-day-on framework, the final model estimate was doubled.

One pilot was added to the estimate in order to account for the Puget Sound President,
who is not typically scheduled for ship movement activities. Finally, predictors that were
not included in the final model, but that influence pilot staffing levels (e.g. accrued
callbacks, hypothetical work hour changes, earned time off), were considered in separate
analyses and added to the model estimate.

5 General Findings

Distribution and Timing of Assignments

Dispatch data included information on vessel movements, including number of callbacks
to move ships on days off (callbacks), repositions of personnel (“repos”), jobs performed
to upgrade one’s license (upgrades), training, meetings, compensation days taken for
callback days worked (“comp days”), earned time off, and other activities (e.g.
bereavement). The total number of activities in each of these categories is shown in
Figure 2.
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Figure 2. All pilot-related activities during the trailing 12-month period. Vessel move =
vessel move completed by pilot while on watch, Callback = vessel move completed by
pilot while off watch, Repo = repositions (includes those related to comp days), Meeting
= pilot attending meeting, Training = pilot training, Upgrade = vessel move for upgrading
pilot license, Comp Day = day off taken during watch as compensation for completing a
callback job, Earned TO = earned time off, Other = bereavement, drug test and unfit for
duty. Multiple harbor shifts are counted as a single vessel move assignment.

All assignments were inspected to identify patterns in the pilots’ schedules. It was
apparent that some individual pilots became available for piloting assignments part way
through the year or ceased working as a pilot before the year was over. Four pilots
worked less than 20 days during the trailing 12 month period. The distribution of
assignments for the remaining fifty pilots is shown in Figure 3, although some pilots
retired or became unavailable for work partway through the year.
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Figure 3. Assignments by pilot. Vessel move = vessel move completed by pilot while on
watch, Callback = vessel move completed by pilot while of watch, Repo = repositions
(includes those related to comp days), Meeting = pilot attending meeting, Training = pilot
training, Upgrade = vessel move for upgrading pilot license. Multiple harbor shifts are
counted as a single vessel move assignment.

Figures 4-5 show, the number of total work activities by month (Figure 4) and by day of
the year (Figure 5). These figures highlight the sharp seasonal increase in vessel traffic
that occurs during the cruise ship season from May until October. The daily variation in
these patterns is apparent in Figure 5, where the average number of daily assignments is
displayed as a dashed line. Overall, there were 25.3 assignments on an average day, with
a minimum of 8 and a maximum of 47 (Figure 5).
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Figure 5. Assignments by day. Frequency of total daily pilot work-related activities
across the 12-month period (top panel= days 1-100; following panels= days 101-200,
days 201-300, days 301-365). The solid horizontal line represents the average daily total
of 25.3 (+/- 6.5) activities with +1/-1 standard deviation presented above and below with
dashed lines. Vessel = vessel move completed by pilot while in rotation, Callback =
vessel move completed by pilot while not in rotation, Repo = repositions (includes those
related to comp days), Meeting = pilot attending meeting, Training = pilot training,
Upgrade = vessel move for upgrading pilot license. Multiple harbor shifts are counted as
a single vessel move assignment.

There was minimal variation in the number of vessel moves by day of the week (Figure
6). Pilot repositioning and meetings peaked on Tuesdays, which is the change-over day
between watch schedules.
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Figure 6. Assignment type averaged by day of the week. VVessel move = vessel move
completed by pilot while in rotation, Callback = vessel move completed by pilot while
not in rotation, Repo = repositions (includes those related to comp days), Meeting = pilot
attending meeting, Training = pilot training, Upgrade = vessel move for upgrading pilot
license. Multiple harbor shifts are counted as a single vessel move assignment.

Description of Work and Rest Periods

The timing of work and rest opportunities is an important factor in determining how
fatiguing a work shift is likely to be. When individuals work during the biological night,
circadian misalignment occurs, which causes individuals to feel sleepy during work
periods and may inhibit one’s ability to obtain adequate sleep during rest opportunities. In
addition, pilots complete watch schedules of 15 days on, with 13 days off, which has the
potential to cause chronic sleep deprivation, which can further degrade alertness and
performance. As a result, it is critically important to understand how the timing of
assignments is distributed throughout the day.

An example of the watch schedule for a single pilot is shown in Figure 7. The left panel
shows the watch schedule, with each scheduled day of work shaded in gray. The right
panel of Figure 7 shows the days the pilot actually worked during the same period of
time. As illustrated in this figure, this pilot had numerous instances of work, including 10
callback shifts, during off-watch periods. As described previously, the timing of work
assignments is an important factor in estimating fatigue risk. The timing of assignments
over the 24-hour day for a single pilot is shown in Figure 8. This figure highlights the
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erratic timing of vessel assignments and also illustrates the number of times this pilot
experienced a callback to help cover vessel moves on days off.

M T W Th F 5 Su M T W Th F 5 Su
Week 1 Week 1 -
Week 2 Week 2 | :
Week 3 Week 3 N N
Week 4 Week 4
Week 5 Week 5 -
Week 6 Week 6
Week 7 Week 7
Week 8 Week 8 '
Week 9 Week 9
Week 10 Week 10
Week 11 Week 11
Week 12 Week 12 s
Week 13 Week 13
Week 14 Week 14
Week 15 Week 15
Week 16 Week 16 [ ]
Week 17 Week 17
Week 18 Week 18
Week 19 Week 19
Week 20 Week 20
. Change days Vessel move Meeting
On watch days - Callback b Comp day
Off watch days Repo

Figure 7. A comparison of the watch rotation as scheduled (left panel) and as worked
(right panel) over a 20-week period. On the left, the 15-on/13-off rotation schedule is
presented with change days highlighted at the start and end of each on watch period. On
the right, the actual schedule worked by the pilot with type of work period indicated.
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Off Watch
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On Watch
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25

Off Watch
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00:00 06:00 12:00 18:00 00:00

Time of Day

Figure 8. An example of a pilot’s work schedule over a 50-day period by time of day. On
and off-watch periods are identified with change days (dashed line). All work-related
activities are presented by day from start to end time. For night work periods that cross
midnight (00:00), a bar is presented from the work start time to midnight, then is
continued on the next day from midnight to the work period end time (an example is at
the end of day 10, continuing on day 11). Work type: vessel movements on watch days
(gray bars), callback assignments on days off (black bars), repositions (light gray bars),
and meetings (dark gray bars).

As described previously, during each watch, pilots are assigned vessel moves as ship
movements are communicated to the pilot dispatch. A pilot “call time” reflects the time
that the pilot begins preparations for work prior to traveling to an assigned vessel move.
The pilot “job time” reflects the time the pilot boards the vessel, and the pilot “check-in
time” reflects the time when a vessel move has been completed and when a pilot is able
to rest.

Figure 9 illustrates the call time, travel time, and end (check-in time) times for all vessel
moves. Overall, the peak call times occurred between 1100 and 1159. The peak job time
(i.e. the time the pilot boarded the vessel) occurred between 1400 and 1459. The most
common hour for the end of work periods was 1700.

Given the large geography of the Puget Sound, which includes multiple ports and a pilot

station at Port Angeles, coupled with different types of vessel traffic (e.g. container
vessels, cruise ships, tankers), we examined the call time, job time, and check-in time by
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location of assignment for origin points that included a large number of vessel moves.
Figure 10 illustrates the call time, job time and check-in times for single inbound vessel
moves from Port Angeles Pilot Station. For these types of moves, we found that peak call
times occurred between 0900-1059 and between midnight and 0159. The peak job time
(i.e. the time the pilot boarded the vessel) occurred between midnight and 0100, with a
second peak 0900. The most common hour for the end of work periods was 0700, with
secondary peaks between 1700 and 1959.

Outbound vessel moves originating in Tacoma followed a different pattern, with peak
call times occurring between 1200 and 1359 (Figure 11). The peak job time (i.e. the time
the pilot boarded the vessel) occurred between 1700 and 1859. The most common hour
for the end of work periods originating in Tacoma was 2300. Outbound essel moves
originating from Seattle, which involve the majority of outbound cruise ship operations,
had a peak call time of 1100 (Figure 12). The job time peak occurred between 1400 and
1500. The peak check-in time in Seattle was 1700.
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Figure 9. Distribution of vessel move-related activities by hour of the day for all vessel
moves. The call time is the time that a work period begins, the job time is the time that
the pilot boards the vessel, and the check-in time is the time that the work period ends
following a vessel move.
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Figure 10. Distribution of vessel move-related activities by hour of the day for single
vessel moves (i.e. excluding multiple harbor ship moves) for inbound traffic (from Port
Angeles Pilot Station). The call time is the time that a work period begins, the job time is
the time that the pilot boards the vessel, and the check-in time is the time that the work

period ends following a vessel move.
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Figure 11. Distribution of vessel move-related activities by hour of the day for single
vessel moves (i.e. excluding multiple harbor ship moves) from Tacoma. The call time is
the time that a work period begins, the job time is the time that the pilot boards the vessel,
and the check-in time is the time that the work period ends following a vessel move.
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Figure 12. Distribution of vessel move-related activities by hour of the day for single
vessel moves (i.e. excluding multiple harbor ship moves) from Seattle. The call time is
the time that a work period begins, the job time is the time that the pilot boards the vessel,
and the check-in time is the time that the work period ends following a vessel move.

The duration of a work shift also contributes to fatigue while at work. Pilots worked an
average of 99.1 hours per on-watch period and 9.4 hours per work period, with a
maximum recorded on-watch period of 157.8 hours. Pilots worked more than 12 hours in
a work period 19% of the time and they worked 120 hours or more during an on-watch
period about 24% of the time. Figure 13 illustrates the average work period duration
based on start time (hour of day). Work period duration was found to be shortest when
starting between 1500 and 1659. Work periods starting during the circadian low point,
between 0100 and 0500, had the longest average work duration of approximately 10.5
hours. Work periods starting between 0600 and 1000 had an average work duration of
approximately 8.8 hours. Pilots typically had 10.5 total piloting job assignments during
an on-watch period with a maximum of 16. Pilots worked more than 12 times during an
on-watch period about 27% of the time.
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Figure 13. Work period duration by start hour.
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Multiple harbor shifts, cruise operations and repositions that allowed for immediate
assignments were the primary reasons for extended-duty work shifts. Multiple harbor
shift work periods (n= 257) averaged 13.0 h in duration and included an average of 2.3
vessel moves per assignment. The distribution of multiple harbor shift work hours is

shown in Figure 14.
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Figure 14. Distribution of multiple harbor shift work periods.

Inbound and outbound vessel moves to and from Seattle for cruise operations were
typically handled by the same pilot. The majority of these vessel moves involved a night
assignment for the inbound move, followed by a layover where a brief rest period might
be possible, and a daytime assignment for the outbound move. Thirty-nine different pilots
with the necessary license 5 served cruise ships during the 12-month period, with a
maximum of seven by several pilots. An example of cruise operations for a single pilot is
shown in Figure 15. Descriptive statistics summarizing cruise operations are shown in
Table 3.
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Figure 15. An example of a work schedule including 2 cruise operations by a single pilot
during a 4-day period. Rotation assignments for the 2 days preceding the first cruise and
for the 3 days following the second cruise are also shown. The 0100-0459 night period is
highlighted with dashed lines. Cruise operations are shown in black, other assignments
are shown in gray, and repositions are shown in white. For the inbound cruise operation,
call time to job completion time is presented, while for the outbound, job time to check-in
time is presented.
Table 3. Timing of cruise operations.
Call/Job-time Check-in Duration Layover Period
n (h, SD) time (h, SD) (h, SD) (h, SD)
Cruise Inbound 133 00:43 (0:26)  6:11 (0:22) 5.5 (0.4) 13.3 (8.6)
Cruise Outbound 133 15:13 (0:54) 20:34(1:08) 4.8(0.7) 8.9 (1.8)

h = hour, SD = standard deviation.

Description of Rest Periods

During on-watch periods, pilots worked 7 or more days in a row without a break of at
least 24 hours about 8% of the time. The maximum number of consecutive days worked
without such a break was 16 days.

We examined the number of hours off duty between consecutive work periods during on-
watch periods (Figure 16). Pilots had an average of 17.1 hours off duty between
consecutive work periods (based on check-in time to call time). Pilots received less than
10 hours off 16% of the time and less than 12 hours off duty 30% of the time.
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Figure 16. Distribution of hours off duty between consecutive on-watch work periods.
Periods when one or more compensation days were taken were excluded from this

analysis.

Retirement and Licensing

The Puget Sound Pilot workforce is skewed towards retirement, with seven pilots over 65
currently working, and an additional nine over 60 (Figure 17). More than 50% of the pilot
workforce will be eligible for retirement within 10 years. This is reflected in the current
license level of pilots, with the majority of ship moves being completed by pilots with
license level five. The majority of vessels required Level 1 and Level 5 license holders,
while pilots with Level 5 licenses completed the majority of vessel moves (Figure 18).
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Figure 17. Distribution of Puget Sound Pilot age.
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Figure 18. Distribution of license level required to pilot a vessel and the license level of
pilots completing vessel moves.

Earned Time Off and Compensation Time

Pilots are granted 1.4 days of earned time off per watch worked (i.e. 7 days off after five
watch periods, 5.5%). If a pilot has unused vacation days, then these days do not accrue
and cannot be carried over year to year. This earned time off rate means that any day of
the year the number of pilots available for watch would be reduced by 2-3 due to those
using earned time off. In order to ensure enough pilots are on watch to provide board-on-
arrival service, while covering earned time off, the total number of pilots must be
increased by a factor of 0.055.

As described previously, pilots are provided with a day off as compensation for each day
worked during days when they would otherwise be off watch. The current staffing levels
appear to prevent pilots from taking compensation days, which means that they accrue at
a rate that is faster than they are used. As a result, many pilots have a bank of unused
compensation days. There were 1,210 compensation days earned by pilots for days
worked during scheduled off-watch periods (calendar year dataset). During the same
timeframe, only 785 compensation days were taken. The carry-forward of compensation
days from prior years, combined with the positive accruals from 2018 led to a ‘bank’ of
3,143 compensation days, which is equivalent to 16 years of pilot work. Compensation
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days do not expire, therefore many pilots use all of their compensation days in the time
leading up to retirement. If no changes are made to staffing, then this bank will continue
to accrue. If four additional pilots had started work on January 1, 2019 and if callbacks
were limited to an average of one every other day, then the “banked” compensation
would still take more than 2 years to stabilize (Figure 20).

4000
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3600 -

3400 A

3200 ~

Number of Days

3000 ~

2800 A
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Figure 19. Compensation day accrual (black line) and compensation accrual minus
compensation days taken (gray line) by day for the calendar year analysis.
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Figure 20. Hypothetical changes in compensation time accrual and payback based on
different staffing models. Hypothetical changes would have started January 1, 2019.
Black line projects compensation accrual if callbacks were limited to one every other day
with no compensation days taken. Dark gray line projects compensation accrual if
callbacks were limited to one every other day and if two compensation days were taken
each day (e.g. linear regression model estimates with no additional pilots hired). Light
gray line projects compensation accrual if callbacks were limited to one every other day
and if two additional compensation days were taken per day (four additional pilots).

Linear Regression Modeling

Table 4 shows significant predictors in the model, their associated beta coefficients, and
the average value for each predictor for the ‘trailing 12-month’ dataset. By multiplying
the average values for each predictor by its corresponding beta coefficient, the total
number of pilots that worked to complete all assignments is calculated. For Table 4, this
calculation equals the equivalent number of pilots who worked during the year. That is,
although there were 54 pilots included in the trailing 12-month dataset, due to retirements
and injuries, there were only the equivalent of 47 pilots available for work throughout the
year (i.e. 23.41 *2). This estimate can be considered the number of pilots needed to cover
the average number of assignments for the year assessed. The confidence intervals reflect
the potential range of pilots needed to complete all assignments on a given day. Given the
large variability in ship traffic day-to-day, the confidence intervals can be considered as
the number of pilots needed to cover all ship traffic on an average low day (lower
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confidence estimate) and the number of pilots needed to cover all ship traffic on an
average high day (upper confidence estimate) without violating work hour rules and
while accounting for other changes as factored into the model (e.g. reducing callbacks).

The average-by-day values for each predictor can be changed to determine how a given
variable would affect staffing requirements. For example, Table 5 illustrates how
eliminating callbacks alone would modify staffing requirements.

Based on best practices for fatigue risk management and expert recommendations
provided to the Board of Pilot Commissioners, our final model is based on the
introduction of work hour restrictions to minimize fatigue. Table 6 shows our final model
using the trailing-12 dataset and Table 7 shows our final model using the calendar year
dataset. Some of the variables that were significant in the models are different between
the two datasets. This is likely due to the changes in work scheduling procedures that
occurred during 2018. In addition, there were some factors that were not significant
predictors in the model, but that are known important considerations in determining
staffing needs. These variables were considered and added to the model in the next
section.

95% ClI  95% CI

Beta 95% CI  95% CI Prediction estimate estimate

Parameter Coefficient pvalue lower  upper Average  estimate lower upper

Intercept 17.48 <.0001 15.10 19.85 -- 17.48 15.10 19.85
Vessel movement 0.18 0.01 0.05 0.31 15.82 2.84 0.77 491
Callbacks -0.46 <.0001 -0.60 -0.32 2.98 -1.37 -1.80 -0.94
Repositions 0.68 <.0001 0.52 0.84 4.35 2.95 2.25 3.65
Training 0.52 0.00 0.22 0.82 0.45 0.23 0.10 0.37
Meetings 0.84 <.0001 0.64 1.04 1.42 1.19 0.91 1.48
Comp days 0.44 0.00 0.18 0.70 2.08 0.92 0.38 1.46
> 60 h work/week -0.12 0.02 -0.23 -0.02 5.21 -0.65 -1.18 -0.11
< 60 h rest 30 days -1.52 0.11 -3.37 0.34 0.04 -0.07 -0.15 0.01
MHS > 13 h -0.22 0.47 -0.82 0.38 0.53 -0.12 -0.43 0.20
Total 23.41 15.95 30.88

Table 4. Linear regression model showing the calculated beta coefficients and their
associated confidence intervals and p-values for the predictors included in the model for
the trailing-12 dataset. The average column shows the averages for each variable, derived
from the dataset. The prediction estimate and associated confidence intervals are
multiplied by the model predictions, then added together to reflect the number of pilots
who completed assignments during the year in question. Comp days = compensation
days, h = hour, MHS = multiple harbor shifts, Cl = confidence interval.
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95% CI  95% CI

Beta 95% CI  95% CI Expected Prediction estimate estimate

Parameter Coefficient pvalue lower  upper per day estimate lower upper

Intercept 17.48 <.0001 15.10 19.85 - 17.48 15.10 19.85
Vessel movement 0.18 0.01 0.05 0.31 18.80 3.37 0.91 5.84
Callbacks -0.46 <.0001 -0.60 -0.32 0.00 0.00 0.00 0.00
Repositions 0.68 <.0001 0.52 0.84 4.35 2.95 2.25 3.65
Training 0.52 0.00 0.22 0.82 0.45 0.23 0.10 0.37
Meetings 0.84 <.0001 0.64 1.04 1.42 1.19 0.91 1.48
Comp days 0.44 0.00 0.18 0.70 2.08 0.92 0.38 1.46
> 60 h work/week -0.12 0.02 -0.23 -0.02 5.21 -0.65 -1.18 -0.11
< 60 h rest 30 days -1.52 0.11 -3.37 0.34 0.04 -0.07 -0.15 0.01
MHS > 13 h -0.22 0.47 -0.82 0.38 0.53 -0.12 -0.43 0.20
Total 25.32 17.89 32.75

Table 5. Example of a predictive linear regression model showing the calculated beta
coefficients and their associated confidence intervals and p-values for the predictors
included in the model for the trailing-12 dataset. The ‘expected per day’ column shows
the anticipated values for each predictor by day. In this example, callbacks were set at 0
in order to reflect pilot staffing needs in a hypothetical scenario where no callbacks
occur. Given that callbacks are equivalent to vessel movements in the model, the vessel
movement value is increased to reflect the expected average traffic by day. The
prediction estimate and associated confidence intervals are multiplied by the model
predictions, then added together to generate a prediction and range for the number of
pilots needed to complete future work assignments given the inputs. Comp days =
compensation days, h = hour, MHS = multiple harbor shifts, CI = confidence interval.

95% Cl  95% ClI

Beta 95% CI  95% ClI Expected Prediction estimate estimate

Parameter Coefficient pvalue lower  upper per day estimate lower upper

Intercept 17.48 <.0001 15.10 19.85 - 17.48 15.10 19.85
Vessel movement 0.18 0.01 0.05 0.31 18.30 3.28 0.89 5.68
Callbacks -0.46 <.0001 -0.60 -0.32 0.50 -0.23 -0.30 -0.16
Repositions 0.68 <.0001 0.52 0.84 4.35 2.95 2.25 3.65
Training 0.52 0.00 0.22 0.82 0.45 0.23 0.10 0.37
Meetings 0.84 <.0001 0.64 1.04 1.42 1.19 0.91 1.48
Comp days 0.44 0.00 0.18 0.70 4.00 1.76 0.72 2.80
> 60 h work/week -0.12 0.02 -0.23 -0.02 0.00 0.00 0.00 0.00
< 60 h rest 30 days -1.52 0.11 -3.37 0.34 0.00 0.00 0.00 0.00
MHS > 13 h -0.22 0.47 -0.82 0.38 0.00 0.00 0.00 0.00
Total 26.67 19.67 33.67

Table 6. Linear regression model showing the calculated beta coefficients and their
associated confidence intervals and p-values for the predictors included in the model for
the trailing-12 dataset. The ‘expected per day’ column shows the anticipated values for
each predictor by day. In this model, the expected per day values were set to reflect
changes to pilot operations aimed at minimizing fatigue. Note: given that callbacks are
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equivalent to vessel movements in the model, the vessel movement value is increased by
the relative decrease in callbacks to reflect the expected average traffic by day. The
prediction estimate and associated confidence intervals are multiplied by the model
predictions, then added together to generate a prediction and range for the number of
pilots needed to complete future work assignments given the inputs. Comp days =
compensation days, h = hour, MHS = multiple harbor shifts, Cl = confidence interval.

95% ClI  95% CI

Beta 95% CI  95% Cl Expected Prediction estimate estimate

Parameter Coefficient pvalue lower  upper per day estimate lower upper

Intercept 17.48 <.0001 15.10 19.85 - 17.48 15.10 19.85
Vessel movement 0.18 0.01 0.05 0.31 17.65 3.17 0.86 5.48
Callbacks -0.46 <.0001 -0.60 -0.32 1.00 -0.46 -0.60 -0.32
Repositions 0.68 <.0001 0.52 0.84 4.22 2.87 2.19 3.55
Training 0.52 0.00 0.22 0.82 0.42 0.22 0.09 0.35
Meetings 0.84 <.0001 0.64 1.04 1.54 1.29 0.98 1.60
Comp days 0.44 0.00 0.18 0.70 4.00 1.76 0.72 2.80
> 60 h work/week -0.12 0.02 -0.23 -0.02 0.00 0.00 0.00 0.00
> 12 h work/day -0.22 0.47 -0.82 0.38 0.00 0.00 0.00 0.00
MHS > 13 h -1.52 0.11 -3.37 0.34 0.00 0.00 0.00 0.00
Total 26.33 19.35 33.31

Table 7. Final Model. Linear regression model for the calendar year dataset. Presented
are the calculated beta coefficients and their associated confidence intervals and p-values
for the predictors included in the model. The ‘expected per day’ column shows the
anticipated values for each predictor by day. In this model, the expected per day values
were set to reflect changes to pilot operations aimed at minimizing fatigue while also
reducing the bank of compensation day accruals (increasing by 2 comp days taken per
day) and reducing the rate of callbacks to one per day. Note: given that callbacks are
equivalent to vessel movements in the model, the vessel movement value is increased by
the relative decrease in callbacks to reflect the expected average traffic by day. The
prediction estimate and associated confidence intervals are multiplied by the model
predictions, then added together to generate a prediction and range for the number of
pilots needed to complete future work assignments given the inputs. Comp days =
compensation days, h = hour, MHS = multiple harbor shifts, Cl = confidence interval.

There are other schedule factors that were not significant predictors in the statistical
model that should also be considered when assessing pilot staffing needs, but the most
important variable that was not included in the model was the minimum rest period. The
minimum rest period between assignments was changed from eight hours to 10 hours in
October 2018. This variable was not a significant predictor in the model, likely because it
was not possible to include mean rest period in the model for hypothetical modeling (see
methods, the rest period variable was dichotomized and the frequency of rest < 10 h per
day was included in the model). There were 1386 instances where pilots received less
than 10 hours off following an assignment (including back-to-back callback
assignments). The difference between the actual time off and the recommended time off
of 10 hours was 2595 hours. This amount of time is equivalent to ~2 pilots per year.
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Staffing Requirement Projections

The projected number of pilots needed to fulfill staffing requirements while also
minimizing fatiguing work shifts is presented in Table 8. This projection includes the
estimates from the linear regression model with adjustments made based on fatigue risk
management recommendations. This model also includes the projected number of pilots
needed to reduce the bank of compensation time accrued by the pilots and two pilots in
rotation to cover future work hour restrictions that could not be modeled.

Projection Variable Number of Projected  Projected 95% ClI Projected 95% ClI
Pilots (lower) (upper)

Linear regression 53 39 67

estimate

Compensation day 4 4 4

coverage

Additional work hour 2 2 2

reduction coverage

President 1 1 1

Total 60* 46 74

Table 8. Estimated number of pilots needed to cover all shifts while reducing work
practices that induce fatigue. *Note that this does not include the pilots needed to account
for earned time off.

The total number of pilots needed including earned time off coverage is 63 (60*0.055),
with a range from 49-78.

Relationship between Number of Assignments and Staffing Levels

The goal of this analysis was to determine the number of pilots needed to provide board-
on-arrival service at the current level of vessel traffic, while minimizing fatigue. The
average number of vessels per day was 20.1 for the calendar year dataset (18.65 when
MHS are combined into one shift per day). The total number of vessel moves in the
calendar year dataset was 7,334. If the recommended number of pilots are hired (63),
then each pilot should complete ~116 vessel moves (including the president, ~118
excluding the president).

6 Recommendations

We found that the Puget Sound Pilot work practices are associated with variable and
unpredictable workload and work start times, frequent night work, frequent instances of
insufficient time off between shifts, and numerous extended-duty work shifts. In addition,
current scheduling practices rely heavily on calling pilots back to work during scheduled
days off. This leads to an overall increase in the number of days and hours that pilots
work in a month and also leads to the accrual of an unsustainable rate of compensation
time. Finally, the attrition rate has the potential to out-pace the rate of recruiting and
training. Recommendations on each of these factors is provided below. These factors
were all considered in estimating the number of pilots that would be needed to cover all
work assignments going forward.
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Number of Pilots Needed to Cover Assignments

We estimate that the total number of pilots needed to cover all work assignments going
forward is 63 (range 49-78). This estimate was derived from modeling the factors
associated with work scheduling, including restrictions on work hours in order to
minimize fatigue. In addition to model estimates, one pilot was added to account for the
President of the Puget Sound Pilots, six pilots were added to cover compensation time
and further work hour restrictions, and three were added to cover earned time off.

Extended Duty Work Shifts

The current Puget Sound Pilot scheduling practices allow for multiple harbor shifts of
unlimited duration. In the dataset that we evaluated, pilots completed sequence of these
short ship duration, short distance ship movements with little time off between each
move. Although many of these assignments are short in duration, these moves are often
spaced less than six hours apart. When coupled with the unpredictable nature of pilot
scheduling, it is unlikely that pilots completing sequences of multiple harbor shifts have
adequate time for rest between ship moves. PSP should consider limiting MHS work
hours to reduce fatigue. Although it has been proposed that MHS be limited to 13 hours,
this work shift may still lead to fatigue. PSP should consider evaluating fatigue during
MHS to determine the appropriate limit, which may be less than 13 hours.

Night Work

The Puget Sound Pilots have already implemented a rule that prevents pilots from
working more than three night shifts in a row. This change is consistent with fatigue risk
management principles.

In the dataset that we evaluated, it was common practice for pilots to complete both the
inbound and outbound moves for cruise ship operations. These operations provided a rest
opportunity that was typically less than eight hours during the morning. The circadian
rhythm promotes wakefulness during the biological day, which can reduce sleep quality
and quantity. As a result, we recommend that individual pilots are only assigned inbound
and outbound cruise operations when a sufficient rest opportunity is available between
the inbound and outbound movements. PSP should also consider evaluating the quality
and quantity of sleep obtained between cruise ship operations.

We found numerous instances of night work following a reposition assignment, where a
pilot was repositioned to arrive in Port Angeles in the late afternoon, but then was
assigned a ship move in the late evening/night. It appears that this stems from the current
procedure that allows pilots to “begin work immediately” following any reposition that
occurs early in the day. This practice is concerning, because the term “immediate” is not
defined, which allows pilots to work many hours after arrival at Port Angeles station. We
recommend that reposition assignments be treated in a similar manner to vessel
movement assignments, whereby if the reposition assignment and any associated vessel
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movement assignments be considered a single work shift and be limited in duration. In
cases where a reposition assignment is completed and no ship movement can be assigned
and completed within the designated timeframe, then the pilot should be provided with a
rest opportunity prior to scheduling the next assignment.

Time off Between Assignments

Subsequent to the trailing-12 data considered in this analysis, the Puget Sound Pilots
implemented a rule that allowed for 10 hours of rest following work assignments. This
amount of time off is consistent with fatigue risk management principles, which support
providing workers with enough time off between shifts for eating, personal hygiene
routines, and the opportunity for eight hours of sleep.

Callbacks and Compensation Time

The current practice of calling pilots back to work on days off and then providing them
with a compensation day is unsustainable with current staffing levels. Additional staff are
required in order to deplete the cumulative bank of accrued compensation days and to
reduce or eliminate the rate of compensation day accruals. This is particularly important
given that many pilots are nearing retirement and will use compensation time and will not
be available for work. Going forward, the Puget Sound Pilots should increase staffing
levels to eliminate the need for frequent callbacks. In addition, the Puget Sound Pilots
may consider putting a limit on the number of callbacks that an individual pilot is
required to perform. Similarly, only once when staffing levels are sufficient to minimize
the need for callbacks, the Puget Sound Pilots should reevaluate the process for the
accrual and use of compensation days.

Meetings

Peak meeting times were on Tuesdays, which is the day when pilots transition between
on watch to off watch. This appears to be an appropriate process for conducting meetings
while minimizing fatigue and disruption to service.

Retirement and Licensing

The Puget Sound Pilot workforce is aging, with a third of the population either of
retirement age or eligible for standard retirement within the next five years. More than
half of the pilots are eligible for retirement within 10 years. The current licensing level of
the pilots appears to be appropriate for meeting work demands at the present time, with
the majority of license holders at license level 5. However, the distribution of age among
current pilots is skewed towards retirement and towards the highest license level. As
current pilots retire, there may not be enough pilots of an appropriate license level to
handle all license levels of ship movements. As a result, we recommend that efforts to
recruit and train new pilots be prioritized. It would be worthwhile to conduct a separate
evaluation to determine hiring needs to account for the expected attrition rate and license
levels going forward.
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Validation and Verification of Staffing/Scheduling Changes

Fatigue risk management programs provide a framework for implementing best practices
aimed at mitigating the risk of fatigue in operational environments. Although
implementation of such measures is intended to reduce the risk of fatigue, every
operational environment involves unique challenges that may interact with staffing levels
and scheduling changes. As a result, schedule and staffing changes should be evaluated to
ensure that such changes do not lead to negative outcomes. Therefore, we recommend
that the Puget Sound Pilots implement a fatigue risk management system for continued
education of the PSP workforce and for ongoing surveillance of fatigue risk before and
after the implementation of any of the changes described in this report. For example,
although the Puget Sound Pilots have already pursued work hour restrictions to limit
multiple harbor shifts to 13 hours in duration, it is possible that a shorter duration is
necessary to promote optimal sleep, alertness, and performance.
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