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Pilot fatigue, stress, 
dehydration and hypoglycaemia continue to play a part 
in accidents and incidents. In this roundup, Dr David Newman outlines 
the latest findings on the problems.

Sa fety Bu reau data. However, the bu re a u
s tresses that it is difficult to prove fatigue was
a con tri buting factor in particular cases.

Com pelling evi den ce of a link bet ween
f a tigue and acc i dents is em er ging from inter-
n a ti onal dataset s , h owever. Bet ween 1974
and 1992, 25 per cent of m a j or US Air Force
acc i dents invo lving figh ter airc raft at nigh t
were attri buted to crew fati g u e . Bet ween
1977 and 1990, 12 per cent of m a j or US Nav y
acc i dents were due to fati g u e . In the US
Army bet ween 1990 and 1999, four per cen t
of a ll acc i dents (both major and minor) were
f a tigue rel a ted .

Me a nwh i l e , a stu dy in 2000 found that in
a group of exec utive and corpora te jet crews ,
75 per cent reported having “n od ded of f”
du ring fligh t s . Ei gh ty - f ive per cent of t h em
con s i dered fatigue to be a safety issu e . A
similar stu dy examining US Army crews
found that 45 per cent reported havi n g

“dozed of f” du ring fligh t , with 81 per cen t
con s i dering fatigue to be a safety issue in
t h eir opera ti on s .

In 1998, the NASA Ames Re s e a rch Cen tre
con du cted a series of f i eld studies on fati g u e .
The inve s ti ga tors found that crew mem bers
in short-haul fixed - wing opera ti ons slept
l e s s , with 67 per cent having a sleep loss of
one hour or more a nigh t . Crew wo ke earl i er,
h ad more tro u ble falling asleep and had
l i gh ter and less re s tful sleep. Th ey also
reported drinking more alcohol and caffei n e
on trip days .

The re s e a rch ers recom m en ded on the
basis of these findings that su cce s s ive duty
d ays should begin at the same ti m e , or
progre s s ively later, and that crews should be
provi ded with inform a ti on on altern a tive s
to alcohol as a pre - s l eep rel a x a n t .

The on ly recogn i s ed anti do te to fatigue is

O
N AUGUST 6, 1 9 9 7 , a Korean Ai r
Boeing 747-300 cra s h ed on
a pproach to Gu a m , k i lling 228
people on boa rd . The US Na ti on a l
Tra n s port a ti on Sa fety Boa rd

found that fatigue was implicated in  gen era l
f l i gh tdeck con f u s i on and impaired re acti on s
of the crew in the lead-up to the tra gedy.

The finding was based in part on cock p i t
voi ce recorder data revealing that the capt a i n
was “re a lly sleepy ”.Al t h o u gh his recent flyi n g
h o u rs in the days and weeks leading up to
the acc i dent were within legal limits, t h e
acc i dent occ u rred after midnight and the
N TSB con clu ded that the capt a i n’s fati g u e
con tri buted to his mishandl ed approach .

The airc raft hit Gu a m’s Nimitz Hi ll abo ut
3 nm short of the ru nw ay.

In Au s tra l i a , f a tigue has been implicated
in at least seven fatal civil avi a ti on acc i den t s ,
in wh i ch 14 people died , over the past 10
ye a rs , according to Au s tralian Tra n s port



FLIGHT SAFETY AUSTRALIA J A N U A RY- F E B R U A RY 2004    39

adequ a te sleep. We need seven to ei ght hours
of s l eep a nigh t . Fa i lu re to get en o u gh rack s
up a sleep debt that must be rep a i d . Th i s
accounts for the of ten deep, pro l on ged sleep
that we ex peri en ce after intense activi ty wi t h
l ong duty days or a series of l a te nigh t s . Th ere
is no sleep bank that would all ow us to get
s l eep in adva n ce to of fs et su b s equ ent fati g u e .
Sleep cycle Th ere are four stages of s l eep,
ra n ging from fairly light sleep in stage one to
deep sleep in stage four – the phase of
re s tora tive sleep that kills of f f a ti g u e . In a
typical sleep cycl e , most of the stage fo u r
s l eep occ u rs early, in the first third of t h e
c ycl e .

Rapid eye movem ent (REM) sleep is
a n o t h er important phase of s l eep. In this
l i gh ter phase the sleeping pers on dre a m s .
E ach ei ght-hour sleep cycle has four or five
ep i s odes of REM sleep, du ring wh i ch mem o-
ries are thought to be or ga n i s ed and laid
down . Wh en a pers on is learning new tasks in
the day, t h ey of ten get more REM sleep that
n i gh t .

Fa tigue redu ces perform a n ce on every
l evel . Dec i s i on-making is impaired , vi gi l a n ce
and atten ti on are redu ced , ju d gem ent is of ten
less than opti m a l , and people are more

i n cl i n ed to accept a lower standard of
perform a n ce than they would norm a lly.

Reducing sleep by just one hour a nigh t
l e ads to incre a s ed daytime sleep i n e s s , wh i ch
is cumu l a tive over su cce s s ive nigh t s .
Reducing sleep by two hours a night leads to
i m p a i red alertness and measu ra ble levels of
redu ced perform a n ce . The pattern of su b s e-
qu ent sleep ch a n ge s , with the pers on fall i n g
a s l eep more qu i ck ly and dri f ting into a
deeper sleep with fewer aw a ken i n gs . Su ch
p a t terns indicate a significant level of f a ti g u e .
Alcohol Ma ny people use alcohol as an aid
to sleep, and although drinking redu ces the
time taken to fall asleep, it interferes with the
n ormal pattern of s l eep. It increases the
nu m ber of aw a ken i n gs and su ppresses early
REM sleep. In large do s e s , it can su ppre s s
REM sleep en ti rely. It also increases the level
of su b s equ ent daytime sleep i n e s s .
Caffeine Ca f feine is of ten used to of fs et the
ef fects of f a ti g u e . As a cen tral nervous sys tem
s ti mu l a n t , it improves alertness and vi gi l a n ce ,
but don’t con sume it too late in the duty day
or its ef fectiveness as a fatigue miti ga tor wi ll
be sign i f i c a n t ly redu ced .
Sleep inertia Sl eep inertia is the tra n s i ti on
phase bet ween sleep and wakef u l n e s s . It is

that groggy feeling you have wh en you are
awo ken from a deep sleep. It interferes wi t h
m a ny aspects of task perform a n ce ,i n clu d i n g
dec i s i on-making abi l i ty. The degree of s l eep
i n ertia depends on what stage of s l eep yo u
a re wo ken up from . Sl eep inertia is likely to be
m ore pron o u n ced if you are wo ken su d den ly
f rom stage four sleep. If en o u gh time el a p s e s
bet ween waking up and being requ i red to
perform a task, the ef fects are likely to be less
obvi o u s , but sleep inertia can last for up to
h a l f an hour.
Flight operations The com bi n a ti on of l on g
duty peri od s ,n i ght flyi n g, a rel a tively hypox i c
envi ron m en t , and tra n s m eridian travel make
the issue of f a tigue in avi a ti on a big on e .O u r
bi o l ogical or circ adian rhythms evo lved to
en su re we got adequ a te rest and sleep, by
making us sleepy at reg u l a r, pred i ct a ble inter-
va l s . Modern 24-hour avi a ti on opera ti on s
force crewm em bers to work against thei r
bi o l ogical progra m m e s .

Soon , u l tra - l ong ra n ge flight invo lvi n g
s ectors of m ore than 18 hours wi ll becom e
ro uti n e , with airc raft su ch as the A 3 4 0 - 5 0 0
and B777-300ER. Is sues of f a tigue manage-
m ent wi ll take on gre a ter import a n ce . Mu ch
re s e a rch is being con du cted around the worl d
on fatigue modelling and managem en t
s ys tem s , and Au s tralia is a major player (See
Un l o cking the se crets of s l e ep, p a ge 41).

Fa tigue managem ent takes into acco u n t
mu ch of what we curren t ly know abo ut
f a tigue and work – rest cycl e s . It can invo lve
su ch areas as on - boa rd crew rest fac i l i ti e s ,
n a pping stra tegy, a ppropri a te flight sch ed-
uling and adequ a te crewi n g. Ma i n t a i n i n g
c rew alertness in the modern autom a ted
cockpit can be a real ch a ll en ge on lon g - h a u l
f l i gh t s ,h owever.
S t r e s s Un derstanding stress and learn i n g
h ow to ef fectively cope with it could hel p
redu ce acc i den t s .

S tress is the re s ponse to unfavo u ra ble envi-
ron m ental con d i ti on s . If exce s s ive dem a n d s
a re placed on a pers on ,t h ey may exceed the
pers on’s abi l i ty to cope with them . Con ti nu ed
s tress can cre a te physical sym ptoms su ch as
i n s om n i a ,l ack of a ppeti te ,h e ad ache and irri-
t a bi l i ty. And the body ’s natu ral “f i ght or

In a group of executive

and corporate jet crews, 75

per cent reported having

“nodded off” during flights.



f l i gh t” re s ponse to stress produ ces phys i o-
l ogical ef fect s , i n cluding mu s cle trem ors ,
i n c re a s ed heart ra te ,s we a ting and incoord i-
n a ti on .

S tre s s ors are factors that cre a te stre s s . Th ey
can be broadly gro u ped into envi ron m en t a l ,
l i fe , re active and or ga n i s a ti onal stre s s ors .
Envi ro n m ental stre s so rs i n clu de noi s e , wi t h
ex po su re to more than 90 dB of n oi s e
i m p a i ring perform a n ce . An o t h er envi ron-
m ental stre s s or is tem pera tu re . Tem pera-
tu res bel ow 15° C or above 30° C can be
s tre s s f u l . Very low and very high hu m i d i ty
are other stress factors, with levels below 40
and above 60 per cent causing probl em s .
Vibration and hypoxia may also be factors.
Life stressors a re em o ti on a l , dom e s ti c ,s oc i a l
and financial woe s . Th ey can cre a te probl em s
in the cockpit and are , at the very least,
d i s tracting for the pilot.

Typical life stress score tables ra te even t s
according to the level of s tress they indu ce .
A total score of 60 to 80 points repre s ents a
n ormal level of m odern life stre s s . A score
well over 100 repre s ents serious life stre s s .

Death of a spouse scores the high e s t , at 100
poi n t s .G oing on holiday ra tes on ly 13 poi n t s .
Reactive stress is the mental and phys i c a l
re s ponse to certain situ a ti on s . Examples of
re active stress in avi a ti on inclu de running out
of f u el ,n a rrowly avoiding a mid-air co ll i s i on
or ex peri encing windshear on final approach .
Organisational stressors rel a te to your work-
p l ace . Examples inclu de poor com mu n i c a-
ti on , role con f l i ct or ambi g u i ty, h i gh work-
l oad , poor perceived auton omy level s ,l ack of

c a reer devel opm en t , p ay inequ a l i ty or red
t a pe .

S tre s s ors are cumu l a tive and ad d i tive .
Everyone has a pers onal stress limit. If t h i s
limit is exceeded , even a modera te work l oad
can be hard to cope wi t h ,and the pers on goe s
i n to stress overl oad . This can affect perform-
a n ce and dec i s i on making, and can be a re a l
probl em in safety - s en s i tive indu s tries su ch
as avi a ti on and nu clear power gen era ti on .

If s tress is not managed , o t h er probl em s ,
su ch as den i a l , a ggre s s i on , and alcohol and
su b s t a n ce abuse can re su l t . These “cop i n g
s tra tegi e s” can make the probl em wors e .

S tress managem ent invo lves recogn i ti on of
the factors causing stre s s , and rem oving stre s-
s ors that can be el i m i n a ted . Pri ori ti s a ti on of
mu l tiple tasks is cri ti c a l , as is ad h eren ce to
s t a n d a rd opera ting procedu res and ch eck-
l i s t s . Time managem ent is also import a n t ,
and the abi l i ty to del ega te tasks can help in
reducing work l oad and therefore stre s s .
Ot h er measu res inclu de keeping fit, t a k i n g
rest bre a k s , l e a rning appropri a te rel a x a ti on
s tra tegi e s , maintaining a healthy life s tyle and
recognising your limitati on s .
D e h y d r a t i o n Dehyd ra ti on is a big risk in
Au s tra l i a . Redu ced hu m i d i ty levels in airc ra f t
and redu ced fluid intake to limit uri n a ti on
can increase the ri s k .Hot we a t h er opera ti on s ,
e s pec i a lly at low alti tu de s , also increase the
risk of dehyd ra ti on and heat stre s s . Hi gh
work l oad , poor cabin ven ti l a ti on and work
in hot cl i m a tes to wh i ch the pilot is not accl i-
m a ti s ed , also increase the ri s k .

The “greenhouse ef fect” of the cock p i t
c a n opies and wi n dows can send tem pera-
tu res soa ri n g. Solar rad i a ti on en ters the
cockpit at a certain wavel ength and heats up
the internal stru ctu re s . These stru ctu res re -
rad i a te the en er gy, but at a different wave-
l en g t h , one at wh i ch it cannot easily escape
the  cockpit gl a s s .

Un der normal con d i ti on s , you need to
rep l ace abo ut 1,500 mL of f luid a day. Every
24 hours , you lose approx i m a tely 500 mL of
w a ter thro u gh the skin, 500 mL in the uri n e
and a furt h er 500 mL via the re s p i ra tory
tract . This fluid loss would happen even if
you sat in front of the TV for 24 hours . Exer-
c i s e ,h i gh work l oads and hot ambi ent con d i-
ti ons increase the fluid loss, so you wi ll need
to con sume more than 1,500 mL.

Dehyd ra ti on seri o u s ly redu ces yo u r
perform a n ce , i m p a i rs your ju d gem ent and
dec i s i on-making abi l i ti e s , and redu ces yo u r
G to l era n ce . It can increase your risk of devel-
oping kidney ston e s , and might also put yo u
at risk of su f fering heat disorders . Th e s e
ra n ge from simple su n bu rn to heat ex h a u s-
ti on and heat stro ke .

Heat ex h a u s ti on is an interm ed i a te level of

heat stre s s . It re sults from the com bi n a ti on
of w a ter and salt dep l eti on . Cl i n i c a lly, t h e
s i gns and sym ptoms inclu de we a k n e s s ,
f a ti g u e , h e ad ach e , i m p a i red ju d gem en t ,

If stress is not managed,

other problems, such as

denial, aggression, and

alcohol and substance

abuse can result. 
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The amount of sleep obtained by long-
haul pilots depends on their level of
fatigue at the start of the flight and the
period they have been awake before
the flight, according to a study at the
University of South Australia’s Centre
for Sleep Research.
The study, forming part of a multi-
million-dollar fatigue risk management
system (FRMS) project jointly
funded by CASA, Qantas,
the Australian and
International Pilots’
Association and
the Australian
Research
Council, is
aimed at
improving pilot
fatigue
management.
Preliminary
results, based on
data collected from
131 long-haul pilots,
indicate that pilots who rate
themselves as being more fatigued at
the start of a flight obtain more sleep
during the flight.  
Researcher Tracey Sletten presented
the results at the Australian Aviation
Psychology Symposium in Sydney in
December.  According to Sletten, the
results demonstrate that methods used
to manage crew in-flight rest
opportunities are working.
“It makes good sense for pilots who
are less refreshed at the start of a flight
to get more sleep during the flight,”
says Sletten. “It shows that long-haul
pilots are taking measures to ensure
that they are alert during approach and
landing, which are among the most
critical phases of flight.
“The results suggest that Qantas crew
are taking measures, such as
allocating rest periods on a needs
rather than seniority basis, to maximise

sleep obtained by those who need it
most.”
Rank did not affect the amount of sleep
obtained, she said.
The study also found that pilots obtain
more sleep during long-haul flights
when there are four pilots rather than
three. In the next phase of the study,
which began in December, long-haul

pilots are performing a five-
minute reaction time task

on a hand-held
computer at the

start and end of
flights, and at
the start and
end of in-flight
sleep periods.
According to
the project’s

research
manager Greg

Roach the reaction
time task gives an

indication of
neurobehavioural capability.  “In

the first phase of the study, we have
been investigating the amount and
quality of sleep that pilots obtain at
home, during layovers, and particularly
during long-haul flights,” Roach says.
“In the second phase of the study we
will examine the impact that sleep has
on neurobehavioural performance.”
The results of these and other studies
being undertaken as part of the FRMS
project will aid in the development of a
system to manage pilot flight and duty
times.
“Early morning starts, long flights,
unfamiliar sleeping quarters and time
zone changes all contribute to the
challenge of managing pilot fatigue,”
Roach says.
“Ultimately, the data will enable us to
develop a system of managing and
regulating pilot duty schedules that has
a sound scientific basis.”

n a u s e a , vom i ti n g, d i z z i n e s s , f a i n ti n g,
s we a ting (wh i ch may be prof u s e ) , and a
m odest rise in core body tem pera tu re .

He a t s tro ke – the failu re of the body ’s ther-
m oreg u l a tory sys tems – is more dangero u s .
It re sults in an inabi l i ty to con trol body
tem pera tu re , s ending the core tem pera tu re
to 40° C, a gainst the normal level of a bo ut
37° C. The nervous sys tem malfuncti on s ,a n d
the swe a ting mechanism fails, l e aving the
skin dry and hot. Mu s cles can break down
because of the high internal body tem pera-
tu re , causing at least some degree of k i d n ey
f a i lu re .

Th i rst repre s ents a fluid loss equ iva l ent to
2 to 3 per cent of body wei gh t . Sym ptom s
su ch as a lagging pace , we a ri n e s s ,n a u s e a ,a n d
em o ti onal instabi l i ty wi ll be evi dent wh en
f luid loss is on ly a little wors e , at 5 per cent of
body wei gh t . Mu ch more severe fluid loss, a t
10 per cent body wei gh t , causes del i riu m , a
s wo ll en ton g u e , c i rc u l a tory probl em s ,
con cen tra ted bl ood with redu ced vo lu m e ,
and kidney probl em s . Twen ty per cent flu i d
loss by body wei ght is at the limit of hu m a n
su rviva l .

It can be difficult to work out your level of
dehyd ra ti on . Do not rely on how thirs ty yo u
a re , because thirst is not a rel i a ble guide to
dehyd ra ti on . Urine is, h owever, and pilots
should take noti ce of the colour and qu a n ti ty
of t h eir uri n e . An adequ a te hyd ra ti on level is
ref l ected by good amounts of l i gh t - yell ow
u ri n e . D a rk urine is con cen tra ted uri n e ,
su gge s ting that the body is con s erving flu i d
as mu ch as po s s i bl e .D rink en o u gh to retu rn
the urine to the normal straw co l o u r.

Avoid or minimise alco h o l , cof fee , tea and
s oft drinks because they affect the kidneys ,
i n c reasing urine produ cti on and ex acer-
b a ting dehyd ra ti on .Wa ter is the best rep l ace-
m ent flu i d . Alw ays carry som e , even in
tem pera te cl i m a te s .
H y p o g l y c a e m i a Low bl ood su gar level
c a u s ed by improper eating leads to we a k n e s s ,
trem ors , d i z z i n e s s , s we a ti n g, d i s tu rbed
t h i n k i n g, s l ow re acti on ti m e s , ch a n ged
beh avi o u r, redu ced G to l era n ce ,l et h a r gy and
even tu a lly uncon s c i o u s n e s s .

E a ting wi ll help to correct these probl em s ,
but studies have shown that sym ptom s , su ch
as slow re acti on ti m e s , do not retu rn to
n ormal for up to 30 minutes after the bl ood
su gar level retu rns to norm a l . It is bet ter to
avoid hypoglyc aemia in the first place . Yo u
should eat within six hours of a fligh t , a n d
t a ke food with you if the flight is lon g.

Dr David Newman is an avi a tion med i ci n e
co n sultant and the managing dire ctor of
F l i ght Med i cine Sys tems: 
w w w. f l i g h t m e d . c o m . a u

Unlocking the secrets of sleep
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