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Background: Between 1990 and 1998, aviation accidents In Alaska
caused 100 occupational pilot deaths (aquivalent lo 430/100,000 piloty
year, approximalely 86 limes the uvverall US. worker fatality rates.
Although Alaskan geosraphy and ¢limare increase aviation risks, many
accidents wera allributed Lo pllor error. While most aceldents occurred
dufing takeofl/landing, mose falalities resulted from Controlled Flight
Into Terrain (CHIT). The purpose of this study was to examine risk factors
for CFIT. Mcthods: Using Nalfonal Transportation Safety Board airplane
accident data we identificd CFIT from flight phase and cvent descriplion
flelds, and calculated odds ratios far CFIT/non~CFIT accidents for visuil
conditions, aircraft featlures, and Filo: experience. Results: Bulween
1991 and1998, 351 single aircralt communer and air laxi accidents
aceurred in Alaska; 59 (17%) were CRIT. Qf 140 toral fatalities, 82 (59%)
occurred in 30 CFIT accldents. Thers was a twelve-fold risk for death in
CFIT vs, non-CFIT accidents (OR = 12.42, 95% C| = 8,19-~18.8%).
Accidants while flving Visual Flight Rules (VFR) into poor visibility were
maore likely CFIT than non-CFIT {Qdds ratio = 46,06, Confidence Inter-
val -+ 19.32~112.16), and caused 37% of all deaths. Additionally, flights
in Instrument Melearelogical -Condilions (IMQ) were 47 limes more
likely to be CFIT than non-ClIT. No risk for CFiT was shown for flight
hours, number of engines, passanger presence, or pliot age, All CFIT
were aurlbuted to pilol efror, oflen for continuing VIR into poor visibil-
ity. Conclugian: CFIT caused most avialion deaths, Furnther research into
tiuman factors contribuzing to CFIT is necded. Implementation of global-
posilioning, ground-proximity/aveidance technology, might reduce
CFIT incidence.
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J2 ETWEEN 1990 AND 1998 therc were 229 fatal cora-
muter and air taxi accldents In the United States;
Alaska accounted for 49 (21%) of these accidents (13).
Over the same period, 1990-1998, 100 people working as
pilots at the time of the aircraft accident died in Alaska
(1). This is equivalent to an occupational fatality rate of
430/100,000 per yr whlch is agﬁroximately 86 Hmes the
occupational fatality rate for all workers in the United
States* and nearly 5 times the national falality rate for
all piots’. Additionally, this is almost 24 times the rate
for Alaskan workerst making aviation the highest-risk
occupation in Alaska. 4
These statistics may, to some extent, rcflect the
unique physical and demographic features affecting
aviaton in Alaska. Its northern latitudes, vast mountiin
ranges, flat marshy tundra, and cxtensive coastline re-
sult in diverse climatic zones and associated variable
and often harsh weather. Because of this, condibions of
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poor visibility are common. In addition, although over
haif of the Alaskan population lives in one of the state’s
three major cities (Anchorage, Fairbanks, and Juneau),
much of the remaining population lives in remote vil-
lages not connected to the road system and only acces-
sible year-round by aircraft. Commuter and air taxi
operators (operating under 14 CFR Part 135) serve as
the main link between these villages and regional hubs,
and transport people, goods, and mail. In 1994 com-
muter airlines in Alaska served 238 locations, only 5 of
which had road connection to the regional airline hub
(14). Compared with the remainder of the United States,
Alaska has 76 times as many commuter airline flights
per capita (13).

A study by Garrett et al. (8) on work-related aviation
fatalities in Alaska from 1990 through 1994 reported the
death rate for cammerdal pilots in Alaska was 2.1 imes
higher than the overall U.S. rate for commercial pilots.
Of the fatal occupational accidents, 64% occurred due to
controlled flight into terrain (CFIT). A major risk factor
for these fatal occupational accidents was poor weather,
defined as TInstrument Meteorological Conditions
(OMC). Commercial pilots were also more likely to be
flying into IMC at the time of a fatal accident than

‘private pilots.

A tecent analysis of risk factors for Federal Aviation
Regulations (FARs) Part 91 (General aviation [GA]) ac-
cidents In the U.S. between 1983 and 1994 found that
factors mssoclated with CFIT-type accidents incuded
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( * Overdll occupational fatality rate for U.S., 1998 = 5/100,000 per yr

3).
* Ovesall accupational pilot fatality rate for US., 1996 = 48/100,000
par yr (19).

¥ Qverall occupational fatality vate for Alaska, 1994-1998 = 18/
100,000 per yr (12). .
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the following: instrument conditions; pilots over 50 yr
of agc; male pllots; pilots with fewer total hours; and
multi-cngine aireraft (5).

Another study by Li and Baker (11) of commuter and
air taxi accidents found that IMC, multi-engine aircraft,
and night accidents were associated with lack of sur-
vivability. They also found in a study of GA pilots (10)
that IMC, multi-engine ajrcraft, and night accidents
were associated with lacls of survivability.

Over half (54%) of the fatal commuter and air taxi
accidents in Alaska between 1989 and 1993 were related
to flying Visual Flight Rules (VFR) into IMC (14). Until
recently, regulations in 14 CFR Part 135 prohibited sin-
gle engine commercial flights in Alaska from flying
under Instrument Flight Rules (1FR). However, in a
survey of 44 commercial pilots, conducted as part of the
1995 National Transportation Safety Board (NTSB)
Safety Study on Aviation in Alaska, 22 (50%) stated that
in response to.operational pressures, they had flown
VER into IMC, “The incidence of VFR into IMC...
suggests that the possibilities of inadvertent and inten-
Honal operation of VFR flights into IMC are accepted
and. .. not unusual” (14). The study concluded that
depcndence on flying VER was one of the underlying
reasons for the number of VFR into IMC accidents and
a Jeading safcty problem for Alaskan commuter airlines
and air taxis.

A CFIT accident refers to any collislon with land or
water in which the pilot was in control of the aircraft,
but had lost situational awareness (i.e,, was not aware
of the plane's altitude, terrain elevation, or latitucde and
longitude position of the aircraft). CFIT accident desig-
natjon requircs first ruling out any detectable mechan-
ical failure of the aircraft or its equipment. Most CFIT
accidents arc attributed to pilot error, wherein the pilot
intentionally or inadvertently flies the atrcraft into IMC,
However, attributing pllot error as the cause of an
aircraft accident still does not explain the, “lapse in
judgment or deterjoration in performance by cxperi-
enced, compelent pilots” (15).

The purpose of our study was to analyze the avail-
able data on accidents involving commuter and air taxi
operations in Adoska to determine if the risk factors
previously identified for GA accidents also apply to
commercial operators in Alaska. This study included
only operators with Part 135 certificates; therefore, not
all occupational pilots in Alaska were included.

METHODS

Due to the lack of adequate exposure data for the
denominator of all commercial pilots operaling in
Alaska, a traditional. case-control approach such as that
used in a previous aviation study by Li and Baker (11)
was not feasible. An epidemiological method based on
the use of hospital controls was undertaken. The use-
fulness of this method has been clearly demonstrated
by other similar public health studies. For example,
Thompson et al. (17) studied the effectiveness of bicycle
helmets using head-injured cyclisls as cases and non-
head-injured cyclists as controls. Thompson et al. (18)
also performed a study using this same data and ap-
proach where they compared subjects with facial injury
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(cases) to those without facial inj

ers ct al. (4) compared falls from {;;ra)}"gg\r;gg ]:)fhuﬂfni
for injured children and non-infured <‘.h.i1c1:e1.\c.1 Fgr this
study, commercial aviation accidents that were CFIT
(cases) were compared with all other accidents (con-
trols) which either did not occur durlng controlled
flight or in which the accident may have resulted from
the pilot’s loss of control duc to weather, terrain or
mechanical failure,

The analysis used data abstracted from the NTSB
accident Teports and cntered into a database main-
taincd by the TFederal Aviation Administration’s
(FAA) National Aviation Safety Data Analysis Center
(NASDAC). According to the FAA and NTSB, an avia-
tion “accident” is “an occurrence associated with the
operation of an aircraft which takes place between the
time any person boards the aircraft with the intention of
flight and until such timec as all such persons have
disemnbarked, and in which any person suffers death or
scrious injury, or in which the aircraft receives substan-
lia! damage” (7). This accident data was obtained and
entercd into a computer database (Corel Paradox) for
analysis, Airplane accidents occurring in Alaska be-
tween January 1, 1991 and December 31, 1998, involv«
ing one alrcraft were selected. Because an accident is
given a single NTSB number regardless of the number
of aireraft Involved, it was decided to simplify the anal-
ysis by excluding events involving multiple aireraft,
such as mid-air collisions. The study was further re-
stricted to accidents involving commuter and air taxi
flights operating under Federal Aviation Regulation
{RAR) Part 135 or Part 91. Title 14 Code of Federal
Regulations (CFR) Part 91 pertains to GA, but has por-
tions that apply to all operators, for instance non-in-
come generating flights such as retuming to base. CFR
Part 135 pertains to Commuter and Air Taxi Operators.
Hellcopter accidents were not included in our analysis.

CFIT accidents werc determined by using a phase of
fiight field to select’ those accidents which occurred
during climb, cruise, maneuvering, descent, or ap-
proach. A description of the event was then used to
exclude those in-flight accidents due to uncontrolled or
emergency situations, such as loss of control duc to
strong winds, mechanical or engine failure, fire, or pilot
impairment. These were categorized as non-CFIT accl-
dents In addition to all those accidents that occurred
during other phases of flight (e.g., takeoff, landing,
taxiing, or standing).

An epidemiologic software program, EPI-INFO, was
used to calculate odds ratios for visual conditions, air-
craft features,. and characteristics of the pilot (which
could have affected judgment and dedsion-making
abilities). Specific potenlial risk factors examined in-
cluded: number of engines; presence of passengers; pi-
lot age less than 30 or greater than 50; total number of
flight hours; total flight houwrs in the last 24 h, 30 d, and
90 d; total instrument hours; and total hours in malke
and model of the accident aircraft. These were com-
pared by plotting the hours flown against frequency of
accident and establishing cut-off points where the ratio
of CEIT:non-CFIT accidents differed from the observed
trend. Recent workforce data obtained from the FAA
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TABLE I. COMMUTER AND ON DEMAND
ACCIDENTS, 1991~1998.

All All non- All CFIT
Accidents CHIT CFIT VFR/IMLZ
Total accidents: 351 292 59 38
Total on
. board 1060 8684 176 128
Fatal accidents: 36 26 30 17
Total on
board 156 68 . 88 57
Fatalitics 140 58 82 52
Pilot
fatalities 51 23 28 16

indicate approximately 2,600 pilots currently fly com-

merdially for commuter or air taxi operations in Alaska; |
2100 of these pilots are estmated to fly for Part 135 -

operators.

RESULTS

During the 8 yr from 1991-98 there were 1303 single
aircraft accidents in Alaska. Of these accidents, 78%
occurred under FARs pertalning to general aviation
(CFR Part 91) standards and 21% under commuter and
air taxt operations (Part 135), The remaining 1% were
large commerdal aircraft (Part 121) or were unknown;
these accidents were not included in the analysis nor
were occupational accidents for operators without a
Part 135 certificate. There were also 61 helicopters, one
uliralight, and one glider that were excluded from the
study. From the remaining accidents, there were 351
commuter and air taxi accidents, 26% occurred while
flying under the less restrictive Patt 91 and 74% under
Part 135. Although the proportion of flight hours flewn
under Part 91 by commuter and air taxi is unknown, the
proportion of accidents in this category is of interest.

Of the 351 commuter and air taxi accidents, 180 (51%)
were takeoff or landing accidents, 90 (26%) involved

loss of control or an emergency, 59 (17%) were CFIT -

accidents, and 10 (5%) occurred while taxiing or stand-
Ing. The CFIT accidents occurred during eruise (53%),
maneuvering (31%), approach (8%) and descent, climb,
or takeoff (8%). All CTIT pilots were instrument rated
and 97% of non-CLIT pilots were instrument rated;
these high values for instrument ra would be ex-
pected for commercial pilots. Over 99% of the subjects
were malc and all CFIT pilots were male, Because of the
small values for ins{rument ratings and gender, analy-
ses were not completed for these variables as they
might not accurately reflect relationships among the
variables. These 351 accidents had a total of 884 people
on board. Of these accidents, 56 (16%) were fatal, ac-
counting for 140 fatalities including 51 pilot fatalities
(Table I). This is equivalent to a fatality rate for Ihe
commuter and air taxi pilols of 300/100,000 per yz
using a denominator of 2100 pilots,

Of the 59 CFIT accidents, 29 were fatal, accounting for
59% of all the fatalities. Only 38 (11%) of the accidents
Involved flying VER into IMC. Hawaver, 17 of these
were fatal accidents, accounting for 52 (37%) of all
deaths and 16 (31%) of the pllot deaths, [y contrast, onjy

1100

50

40 t--- -

30 t-

Frequency

20 |-

10

ot “ R a3

- 1991 1992 1993 1994 1995 1996 1997 1998

[ SFIT (n=59)
EINon-CFIT (n=282)

Fig. 1. Annual incidance of commuter and air 1axi crashed: CHYT tn =
59) (Black bar) and Non-CHI {n = 351) {gray bar) in Alaska, 199194,

£

26 (9%) of the 292 non-CFIT accidents werc fatal. Other
CFTT, ie,, those not due to VER into IMC, accidents
were primarily due to inattention to terrain and alti-
tude. All of the CHIT accidents were atiributed to pilot
error (Fig. 1).

The annual number of commuter and air taxi accl-
dents has not changed over the 8-yr period. Simlarly,
the annual number of CFIT accidents has not changed
either. However, among the CFIT accidents, there ap-

Frequency

1891 1892 1983 1994 1995 1996 1897 1998

SIVFR/IMC/CFIT (n=38)
WAl Nther CFIT (n=21)

Fig. 2, Annual number of CFIT due 1o VI'R into IMC crashes (n = 38)
{gray bar) and all nther CHI crashes (n= 21) (black bar) in Alaska,
1991-98.
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F_irg. 3. Tow! Crashes (n = 351) by month In Alaska, 1991~98: Nan-
CFIT (n = 292) (gray bar); CFIT duc 1o VFR inot IMC (n = 38) (black bar);
and all other CHIT crashes (n = 21) { white bar).

ears to have been an incremental decline in VFR into

C over the same period (Fig. 2). Monthly Air Traffic
Control (ATC) activity shows that the summer months
of Jume, July, and August are the buslest times of the
year (6). However, the amount of instrument activity
remains fairly constant over the year, with only a slight
rise in the summer indicating that most of the increased
activity in the summer months is duc to VFR opera-
fioms.

Examination of the monthly incldence of all com-
muter and air taxi accidents and the portion that were
CKIT accidents shows that most accidents occurred in
August and the fowest in November (Fig. 3). Two peaks
in December and March did not correspond to an in-
crease In ATC activity, but did correspond to peaks in
CFEIT accidents. This may be due to increased pressures
on pilots to continue flights during these months due to
Christmas travel and mail as well'as travel for coramu-
&W activities such as spring break and the Iditarod

cc.

CFIT accidents were 10 times more likely to be fatal
vs. non-CFIT accidents, and there was 12 times the risk

TABLE I. ODDS RATIOS FOR EXPOSURE AND QUTCOME OF
CFIT TO NON-CFIT FATAL ACCIDENTS.

0Odds Ratio
Expnsure Qutcome (95% Cl)
Falal Non-Tatal
Accidents  Accidents
+ CFIT Accident 30 29 10.58 (5.26~21.40)*
Non-CFIT Accident 26 266
Number ‘Number
dicd Survived
CFTT Accident s2 94 12.42 (8.19-18.88)"
Non-CHFIT Accident 53 826
*p < 005
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TABLE )ll. ODDS RATIQS FOR EXPOSURES FOR CFIT
TO NON-CFIT ACCIDENTS.

Exposure CFRIT Non-CFIT  Odus ratio (95% )
mMC 39 15 47.49 (20.19~114.19)"
MmCT -15 274
Due o VFR-IMC 38 11 46.06 (19.32-112.46)*
VER-YMC, TFR-IMC 21 280
Night 8 15 2.03(67-5,95)
Daylight 50 254
Single engine 49 234 1.13 (51~2.55)
Mulllple engines 10 54
Two/more on

board 41 195 1.14(.6-2.19)
Only one on board 18 98
Age > 50yrs 11 54 1.02 (47-2.24)
Age < 50 yrs 48 231
Age > 30 yrs 13 62 1.00 (48-2.05)
Age < 30 yrs 46 219
“p < 0.05.

*YMC * Visval Meteorological Condltions

for death emong those involved in a CFIT vs. a non-
CFIT accident (Table II). CFIT accidents were 46 times
more likely than non-CEIT accidonts to have occurred
as a result of flying VER into BMC. Of the CFIT acci-
dents, 85% occurred during daylight, 10% at night, and
5% in either the moming or evening. There was mio
increased risk for CFIT vs. non for accidents at
night, number of engines, pilot age, or presence of
passengers (Table ).

No significant associations were foumd.-for CFIT vs.
non-CFIT for these pilots with less than 6000 total hours
or total howrs in make and mode! of the accldent gir-
craft. Indicators of recent activity and possible fatigue
did not show any association for CFIT or non-CFIT for
total hours flown in the last 24 h, 30 d, and 90 d. The
amount of instrument time flown was also.not signifi-
cantly associated with CFIT accldents (Table IV).

Overall, there was no decline in the total comunuter
or alr taxi accidents, or thosc that were CFIT accidents
during the period 1991-98. However, there was a slight

TABLE IV. ODU3 RATIOS FOR FLIGHT EXPERIENCE
AND CFIT TO NON-CTFIT ACCIIRNTS.

Odds Ratio
Flight experience (hours)  CFIT ~ Non-CFIT (95% CT)
Last 24 howrs
<6 h 38 . 173 1.18 (.54-2.62)
>6h 1 59
Last 30 d
<100 h 41 150 127 (.57-2.90)
>100 h 10 59
Last 90 d
<250 h 37 195 0.92 (.46-1.88)
>250 h .15 73
Instrument hours
=200 h 26 115 096 (.47-1.97)
=200 h 18 77
Make and Model
<1000 h 36 170 1.01 (.53-1.96)
=1000 h 19 91
Tatal
<6000 41 169 1.68 (.84-3.25)
>&000 17 118
1101
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decline for VER into IMC accidents, Only 17% of all
accidents were CEHIT accidents, yet these accounted for
59% of all the deaths, and 55% of all pilot deaths, giving
an extremely high fatality rate of 300/100,000 per yr.

DISCUSSION

This study has sought to examine risk factors associ-
ated with CFIT accidents in the aviaton industry in
Alaska. A reduclion in the number of CFIT accidents
will not dramatically change the number of accidents,
but it will reducc the number of total fatalities, and
greatly decrease the pilot fatality rate.

A strong association was found between VER flights
into IMC and CHIT accidents. Therefore, mterventions
that target both human factors and navigational tech-
nology will need to be considered to reduce CFIT acci-

dents. In regards to human factors, elements such as,

company operational procedures, management in-
volvement in go/no-go decisions, training in pilot de-
cision-making, and the persomal or operational pres-
sures that influence the pilot’s judgment and
performance should be examined.

Technology-based solutions for this problem involve
promeotion and installation of enhanced Ground Prox-
imity Warning Systems (GPWS), improved Ground
Collision Avoidance Systems (GCAS), new Global I'o-
sitioning System (GIS) technology, and the cxpansion
of navigational aids and weather reporting systems, In
1975 the FAA mandated the instaliation of GPWS for
FAR part 121 vperators. Since then, there has been a
dramatic reducton in Part 121 CFIT accidents In the
U.S., from an average of eight per ycar to one every 2 yr
(2). Current PAA regulations for part 135 do not require
GPWE in aireraft that carry less than 10 passengers. In
an analysis of 108 CTIT accidents arcund the world
between 198894 Involving air taxi, regional and major
operators, 75% were not fitted with GPWS. Addition~

y, in about 70% of the accldents it was not required.
A fifth of these accidents occurred due to inadvertent
VER flight into IMC; most of these were single-pilot
flights involving regional and air taxi operators (9). The
recent FAA approval of IFR for single englne Part 135
carriers will aliow for planned instrument flights and,
therefore, may reduce the likelihood of VER flights into
IMC. However, the cost of the additional equipment
and maintenance required may delay, if not prohibit,
full implementation by many companies,

Although 2 previous study of GA accidents showed
an association with CFIT and pilot age (5), our study
did not find any association between pilot age or pilot
experience and CPIT accidents. A study of 188 accidents
involving corporate/executive pilets also did not show
a significant difference for fatal or non-fatal accidents
and pilot age, make and model time, or total time (16).
Although there was no association detected between
age and CIIT accidents, the reasons for the accdident, or
the inappropriate decision which led to it, may vary
depending on the pilot's age and experience. An acci
dent may be the result of the poor decisions or wrong
actions of a young or inexperienced ‘pilot, or it may be
the result of inappropriate decisions or complacency
that occur with older age and/or more flying time.

1102

Company operating practices may also be a contribut-
ing cause, Further .cxamination of this requires more
research and is beyond the scope of this study,

The question of flight experience in Alaska is obvi-
ously important. However, this information is not
readily available. The NTSB records the pilol's slate of
residence based on home address. This may not reflect
the pilot’s experience in Alaska, as many return season-
ally, but do not establish permanent residency. Others
may have an Alaska address but may have only re-
cently started working in the state.

There are certain limitations to thig study. The lack of
readily available denominator data for all commercial
pilots, including those who have not had accidents,
(e.g., number of flight hours or number of flight depar-
tures), necessitates the use of a case-control analysis. In
this study CHIT aircraft accidents were used as cases
and non-CFIT accldents as controls. Although there are
limitations inherent in comparing one accident popula-
tion to another aceident population, there iy, neverthe-
less, some merit in this type of comparison (17,18).
Thus, a sound cpidemiologic method has been estab-
lished which may be useful. for further risk analysis
studies of CFIT accidents.

The high occupational pilot fatality rate in Alaska
and the high fatality rate associated with CFIT accidents
reinforces the importance of addressing this type of
accident and examining the associated rigk factors. Un-
derstanding the factors that result In a pilot flying a
perfectly good aircraft into the ground due to inappro-
priate or poor decision making and/or inadequate sit-
uational information could help in the design of appro-
priate training programs and other Interventions. This
would ultimately result in a major reduction of com-
mercial aviation fatalities.

The National Institute for Occupational Sufety and
Healih, in conjunction with the FAA, NTSB and the
National Weather Service, has recently undertaken a
joint initiative with the goal of reducing the number of
occupational fatalities in aircraft accidents by 50%. Over
the next decade we will attempt to accomplish this via
more detailed analysis of accident and denominator
data, collaborative development of voluntary standards
with the air taxi industry, and evaluation of new tech-
nologies for their effectiveness in preventing CFIT in
single-engine alr taxi operatlons. The elimination of
CFIT accidents alone would reduce the number of com-
mercial aviafion fatalities in Alaska by over 70%. If
successfully implemented, intervention strategies that
address human factors and make full usc of new tech-
nologies could save many Alaskan lives.
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