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NON-AIRBORNE CONFLICTS:
THE CAUSES AND EFFECTS OF RUNWAY TRANSGRESSIONS

by
Richard J. Tarrel*

INTRODUCTION

Early on the morning of December 7, 1983, the pilot of a Boeing 727-200
received his takeoff clearance, applied power, and began rolling down runway
01 at Madrid's Barajas Airport. Visibility was less than 1000 feet. As the
727 approached the intersection of runway 01/19 and taxiways 1 through 6, the
pilot saw the hazy form of a DC-9 crossing the runway anead of him. Before
his evasive maneuver could be completed, the two aircraft collided, killing
82 people.(1)**

The DC-9 had entered the runway at a point where several taxiways meet.
According to some pilots, the taxiway system at Barajas is confusing and not
well marked. In good weather this is not a substantial problem. When visi-
bility is reduced, however, such conditions can lead to pilot disorientation
and inadvertent runway entries.

Low visibility in fog was also significant in Anchorage, Alaska, when,
two weeks after the Madrid accident, a Boeing 747F landed on a pickup truck
seriously injuring the truck's driver.(2) At the same airport several days
later, a DC-10 freighter attempted takeoff on the wrong runway. It struck a
Piper Navajo waiting to depart at the other end.(3)

Each of these accidents resulted from a runway transgression. In 1977,
it was a runway transgression that claimed the lives of 583 people at Spain's
Tenerife airport. There, a 747 started its takeoff run prematurely and
struck another back-taxiing on the runway in heavy fog.(4)

* Member of the Aviation Safety Research Staff at Battelle Columbus
Laboratories' ASRS Project Office, Mountain View, CA.

** Numbered references are listed at the end of this report.



Movements on airports with operational control towers are governed by
clearances. Their nature and that of clearance responses is, thus, a primary
factor in causal structures underlying runway transgressions. The research
described herein 1is motivated by a need for greater understanding of the
interactions among pilots and controllers, and among air traffic controllers
alone, during airport operations.

Scope

The significance of runway transgressions is as much reflected by their
frequency as by their consequences. In this respect, this study attempts to
uncover patterns of behavior that lead to these incidents. How often do
pilots' or controllers' judgements contribute to the chain of events behind a
transgression? What predisposing conditions increase the 1ikelihood of poor
judgements? Which errors, either judgemental or operational, have the pro-
pensity for snowballing into a runway transgression event?

In this study, we define runway transgression as any erroneous OccCupa-
tion of a runway at a controlled airport by an aircraft or other controlled
vehicle. This omits occurrences at uncontrolled airports or airports where

the tower is closed.

In some respects, the types of behavior and conditions associated with
runway conflicts at uncontrolled fields may be similar to those at controlled
facilities. Pilot behavior, weather conditions, and airport configuration
can be entirely independent of the presence of a tower, thus, certain runway
conflicts are just as likely at either type of airport. However, since
operating practices at the two are innately dissimilar, this investigation is
limited to examining problems in the controlled airport environment.

Background

Clearances are required at controlled airports for all vehicles operat-
ing within the movement areas. The Airman's Information Manual states:
"Approval must be obtained prior to moving an aircraft or vehicle onto the
movement area during the hours an airport traffic control tower is in




operation."(5) Movement area includes runways, taxiways, and other areas
used for takeoff, 1landing, or taxi. Ramps and parking areas are usually
excluded. Additionally, operations such as inspecting, cleaning, plowing,
and construction also require tower authorization. Errors arise when any of
these occur in the absence of a required clearance as well as when clearances
are imprudent, conflicting, or confusing.

Tasks and responsibilities within a control tower are divided among
several persons, the most significant of which are the local and ground con-
trollers. These individuals communicate over two discrete radio frequencies
with pilots and other vehicle operators. The local controller can direct and
separate any aircraft that take off, land, or fly within the airport traffic
area. His authority over aircraft on the airport surface usually begins when
they are ready to depart, and it terminates once a landing aircraft has left
the runway. The ground controller, by current practice, is responsible for
all vehicle movements prior to takeoff and after landing. Thus, the division
of labor between these positions is primarily predicated upon the phase of
operation and not necessarily the physical location of a vehicle: Local con-
trollers handle takeoffs and landings, while ground controllers handle taxi-
ing. Thus, the ground controller is also responsible for clearing taxiing
aircraft and vehicles across runways. These geographically overlapping con-
troller authorities can create the opportunity for errors that lead to runway
conflicts.

In 1978, through the use of ASRS data. C. E. Billings and D. B. O0'Hara
authored "Human Factors Associated with Runway Incursions".(6) Their report
drew three major conclusions. First, "Incursions by aircraft on the runways
of controlled airports represent a significant safety problem." Implied in
this conclusion is the finding that many runway transgressions result in con-
flicts between aircraft or other vehicles. Second, "An important factor in
poth pilot-initiated and controller-initiated runway transgressions 1is the
failure of information transfer among the relevant system participants."
Third, "Taxiing aircraft are a major contributor to these occurrences." The
report also concluded that ASRS data indicated the most effective single
point of attack on the problem would focus on aircraft in the taxi phase.



The study reported herein completes a second effort toward using NASA's
Aviation Safety Reporting System (ASRS) to examine runway transgressions. It
responds to a specific request(7) by the Federal Aviation Administration at a
time when the National Airspace and Air Traffic Control Systems are undergo-
ing fundamental re-evaluations. Several other factors also motivate this
re-examination: First, recent runway collisions have heightened public
awareness of a potential problem. Second, the 1981 labor strike and subse-
quent dismissal of most air traffic controllers have led to a gradual
rebuilding of the ATC system. By the FAA's own estimate, this process is
still not complete. Entities within and without the government have been
carefully scrutinizing the performance of the newly-staffed system, and, as
traffic volume returns to its pre-strike level, runway transgressions may act
as an indicator of controller effectiveness. Finally, ATC procedural changes
instituted since ASRS's last 1look at this topic have now had time to make
their presence felt, ASRS having received some 24,000 reports in the five

years since the first study.
Role of ASRS Data

ASRS reports are submitted voluntarily. They describe only occurrences
within the aviation system that reporters believe are important to safety and
that they choose to communicate. Prerequisite to this, reporters must be
able to perceive the safety aspect of the events they report -- a requirement
more relevant than some may find obvious. Knowledge of ASRS is by no means
universal, particularly within some factions of the general aviation commun-
ity. Consequently, ASRS data probably underrepresent the problems encoun-
tered by those groups.

The greatest strength of ASRS information lies in its descriptions of
human behavior within the aviation system. Prior to its inception, available
data on patterns of behavior and response were inherently incomplete. Many
aviation accidents result in the deaths of the participants, and no attempt
at accident reconstruction can elicit the entire patterns of thought, percep-
tion, and judgement that precipitate such events. Even in accidents where
the principals survive, it is difficult, in an adversarial environment, to



obtain full information regarding what transpired and why. Through ASRS,
however, reporters may tell as much or as little as they choose, knowing that
their reports are confidential and anonymous.

APPROACH

In the course of ASRS's existence, several terms have been used to label
runway transgression occurrences. Among these are: "runway incursion",
"unauthorized landing", "wrong runway takeoff", "occupied runway takeoff",
“uncoordinated runway crossing", and "uncoordinated landing". A search stra-
tegy using these terms and others yielded 1210 reports of potential runway
transgressions. This was taken to be the population dataset of all such
events reported to ASRS since May 1, 1978. The search was conducted in Janu-
ary 1984 when the database contained 23,291 reports. After detailed analysis
of a random sample of the transgression set, a 4.2 percent false positive
rate was found, meaning that this fraction of the 1210 reports was estimated
to be irrelevant to this study and discarded.

Methodology

The size of the population dataset precluded an individual analysis of
every report. To trim down this wealth of data, a one-out-of-three sample
was used. This brought to approximately four hundred the total number of
reports evaluated in detail.

Although most of the coded information 1in ASRS records is derived
directly from facts provided by the reporters, labelling the causal factors
falls to the judgement of ASRS analysts. Such labels are applied without the
benefit of knowing to what research a particular report will be applied.
Studying a topic such as runway transgressions thus requires an independent
reassessment of the sample reports. This ensures a consistency of approach
not otherwise available and allows for the assigning of pertinent factors
that may be applicable only to this particular topic.



The analysis process used herein is diagrammed in Figure 1. For each
type of occurrence a two directional assessment is performed. First, the
event causal structure is described in terms of enabling and associated fac-
tors. Next, the consequences are judged as well as any recovery actions ini-
tiated. This presumes that the causes and consequences of an incident can be
related through the type of occurrence. By the same token, the degree of
recovery is assumed to have a logical relationship to the severity of the

consequence.
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FIGURE 1. TOPICAL ANALYSIS PROCESS

Sample Dataset Categorization

— The recoding process for the sample dataset sought to describe each
incident through six characteristics elemental to the topical analysis: The
most general is the Type of Occurrence. Enhancing this is the Enabling Actor
which identifies the primary source of fault. Causal structure is then
described by Enabling and Associated Factors. The Consequence entry essen-
tially describes w=whether a conflict arose and what its severity was.
Finally, Recovery, if it occurred, is described in terms of the players who
initiated it and the actions they took.

Type of occurrence. - This classification is a general description of

the character of an incident. As was evident prior to the topical analysis,
several predictable situations can lead to a runway transgression. Thus,




terms such as ‘"unauthorized runway crossing", "wrong runway takeoff", and
"unauthorized landing" all refer to general categories of runway transgres-
sions.

Appendix A shows the authorized entries for Type of Occurrence. After
reviewing a significant portion of the sample reports, it was found that
ground vehicle transgressions usually arose out of behaviors quite similar to
those of aircraft transgressions. Although a number of reports involving
ground vehicles appeared in the sample set, efforts to code them separately
were abandoned when it became apparent that they did not warrant unique clas-
sification.

Enabling actor. - This is the participant who is adjudged as bearing the

primary responsibility for the transgression. The list of authorized entries
also appears in Appendix A. The Enabling Actor is the individual who had the
last reasonable chance to prevent the occurrence. O0Often, the first error
precipitating an incident will coincide with the last reasonable chance at
prevention. This usually arises when the chain of events has only one defin-
able link.

During the initial reading of the sample report set it became evident
that apportioning responsibility for an incident was not always straightfor-
ward. There appeared several examples of reports where a participant, seeing
the runway occupied while an aircraft was approaching, took no action to
avert the situation when he or she was perfectly capable, and doing so would
be considered good operating practice. In such cases it may be plausible to
assign some responsibility to that individual. Witness the following
controller-submitted report:

" . . . Small aircraft A called on frequency and was
cleared to 1land. Small transport B called ready at 12L
approach end and was told to taxi into position and hold
with an aircraft on 1landing roll. During this time,
approach called on hot line for voice coordination about
small aircraft C...for landing on runway 12R . . . As I
returned my attention to approach end of 12L, I observed
small aircraft A landing approximately 1000 feet down
12L, over small transport B . . ."



This incident, which occurred during daylight hours in visual meteoro-
logical conditions (VMC), was obviously precipitated by the 1local
controller's error. His attention was diverted from the runway and he failed
to clear the small transport for takeoff in a timely manner. Aircraft A,
however, was in excellent position to see that the runway was occupied, yet
failed to question the situation or execute a go-around. Instead, the pilot
chose to land over the top of the transport, putting it behind him and blind-
ing himself to its movements. Had the pilot of A gone around, as would be
consistent with good operating practice, this runway conflict would not have
occurred. Barring extenuating circumstances, A's failure to go around is
virtually inexcusable. As such, both the pilot and the controller were coded
as Enabling Actors.

Associated and enabling factors. - These classifications address the

causal structure of a runway transgression. The allowable entries for both
categories appear in Appendix A. Differentiating between a causal factor
that 1is enabling versus one that is associated is an analytical judgement.
In this study, a factor was considered enabling only if it described a 1ink
in the chain of events culminating in a transgression. When this determina-
tion was not possible, when factors merely added to the probability of an
operational error, or when they contributed only to the severity of an
incident, they were labelled as associated. To be considered enabling, a
particular factor had to evoke a negative response to the question: Had the
factor not been present, Qbu]d this incident probably still have occurred?

Consequences. - Aircraft conflicts are a consistent motivation for ASRS

reports. Usually, runway transgressions compromise safety only if other air-
craft or vehicles are present. Thus, the Consequence classification denotes
whether a conflict occurred and, if so, its severity.

ASRS codes conflicts in three categories. Those resulting in near col-
lisions are termed "critical". They require that a pilot have taken emer-
gency evasive action or would have had there been time. If a collision
hazard was present but circumstances weren't severe enough to be termed crit-
jcal, then the conflict is categorized as "hazardous". Finally, conflicts




that pose no threat of collision, but are considered to be separation
anomalies, are termed "possible”.

Evaluating conflict severity is a subjective process. That which con-
stitutes an imminent collision hazard to one reporter may not seem as severe
to another and, although objective standards can provide guidance, they do
not directly address the real issue. Rating conflicts by severity is actu-
ally an attempt at comparing the time available for perception and recogni-
tion of a dangerous situation, with the pilot's capability to decide upon and
execute avoidance actions. If a collision 1is actually imminent, it will
occur unless a pilot's psychological and physiological process time is less
than the closure time determined by the physics of vehicle motion and maneu-
verability.

Recovery actions. - Since it is 1likely that human error will never

approach insignificance within the air traffic system, participants must be
capable of recognizing and compensating for the mistakes of others. With
automobiles, this 1is known as defensive driving; evasive action in aviation
usually connotes an extreme form. The Recovery classifications describe this
process when present in runway transgression reports. Two aspects of infor-
mation were recorded: The Recovery Initiator is the person who initially
recognized that a problem existed. This individual need not have taken
action toward recovery: sometimes the person first recognizing the problem is
incapable of acting or lacks the time to act. Actual attempts at recovery
are described under "Recovery Actions". This classifies avoidance maneuvers
into general categories consistent with types most often described by ASRS
reporters. Appendix A lists the various entries.

FINDINGS
Population and Sample Factor Comparisons
The ASRS database yielded incidents spanning a 65-month period, from May

1978 through September 1983. On average, approximately 18 reports per month
alluded to runway transgressions. This takes into account the estimated 4.2



percent rate of false positives observed in the sample set. Although deduct-
ing the false positives reduces the population size from 1210 to 1159, it
must also be noted that some reports allude to more than one incident. In
the one-out-of-three sample, 386 of 403 total reports referenced 396 runway
transgressions. It is Tlikely then, that the population encompasses about
1189 transgression incidents or 2.6 percent more than the number of applica-
ble reports. The following analyses assume the number of incidents to be
approximately 1.5 to 2.0 percent less than the total number of reports in the
set.

Descriptive factors. - Table 1 depicts fractional breakdowns of various

descriptive factors coded in ASRS reports. Values are shown for the popula-
tion, sample, and total ASRS database. In all cases, it can be seen that the
sample and population data are well correlated.

The first data group tallies types of air traffic control facilities.
Air traffic control towers appear more frequently in the two groups involving
runway transgressions than in the entire database. This is to be expected as
a result of the geographical restriction inherent in the definition of a run-
way transgression.

ASRS analysts, as part of the routine coding process, identify that ele-
ment or the aviation system which they judge as the primary problem for each
incident. On the presumption that the topical analysis would fall largely in
agreement with this determination, a correlation that did indeed hold, it is
useful to examine the breakdown of primary problem entries. The second data
group in Table 1 shows the primary problem distribution for the three sets of
interest. Again, the population and sample report sets correspond well.
When these are compared with the distribution of problems within the database
as a whole, it is interesting to note that flight crew problems are over-
represented by approximately 12 percent in runway transgression reports while
ATC errors run about 8 percent less than the norm. Airport problems are
cited twice as often in transgression reports while all other problem
categories appear noticeably less frequently than the database average.
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TABLE 1. DESCRIPTIVE FACTOR COMPARISONS

Population Sample Total Oatabase (5/78-9/83)
Factors No. of Rpts | Percent | No. of Rpts l bercent | No. of Rpts Percent
1. Controlling Facility

Tower 1,068 88.3 360 89.3 6,209 26.3
Tracon 81 6.7 26 6.5 8,225 34.9
Center 3 0.2 1 0.2 1,624 6.9
Other 58 4.8 16 4.0 7,512 31.9

2. Primary Problem
Flight Crew Error 766 63.3 247 61.3 11,789 50.0
ATC Human Error 331 27.4 118 29.3 8,475 36.0
Arpt Condition, Layout, Procedures 80 6.6 25 6.2 722 3.1
Aircraft Equipment 13 1.1 5 1.2 879 3.7
Other {(including weather related) 15 1.2 5 1.2 542 2.3
Navigation/Comm Equipment 2 0.2 1 0.2 819 3.5
Publications 3 0.2 2 0.5 343 1.5
Other

3. Day of Week
Sunday 159 13.1 49 12.2 2,602 11.0
Monday 148 12.2 46 11.4 2,975 12.6
Tuesday 167 13.8 54 13.4 3,256 13.8
Wednesday 191 15.8 51 327 3,771 16.0
Thursday 184 15.2 80 19.9 3,539 15.0
Friday 190 15.7 64 15.9 3,677 15.8
Saturday 138 11.4 49 12.2 2,343 9.9
Unknown 25 2.} 6 1.5 570 2.4
4. Quarter of Day
1 {0000-0600) 27 2.2 7 1.7 428 1.8
2 {0600-1200) 374 30.9 115 28.5 7,200 30.5
3 (1200-1800} 531 43.9 190 47.1 10,350 43.9
4 (1800-2400) 242 20.0 81 20.1 4,096 17.4
Unknown 28 2.3 6 1.5 688 2.9
5. Lighting Conditions

Daylight 831 68.7 278 69.0 16,465 69.9
Night 169 14.0 50 12.4 2,656 1.3
Dusk 47 3.9 22 5.5 1,069 4.5
Dawn 13 1.1 3 0.7 142 0.6
Unknown 11 0.9 4 1.0 344 1415

6. Was Wx a Factor?
No 976 80.7 27 81.1 18,046 76.6
Yes 234 19.3 76 18.9 5.524 23.4

7. Flight Conditions
Instrument meteorological conditions 120 9.9 42 10.4 2,980 12.6
Yisual meteorological conditions 878 72.6 295 73.2 15,010 63.7
Mixed flight conditions 20 1.7 5 1.2 1,003 4.3
Special YFR conditions (IFR} 1 0.1 - 0.0 23 0.1
Marginal YFR conditions 14 1.1 5 1.2 295 1+3
Linknown 28 2.3 10 2.5 1,161 4.9
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The primary problem distribution is fairly consistent with expectations
but does set the stage for more detailed analysis in two areas. The less-
than-normal incidence of ATC problems is not necessarily predictable, and
likewise the higher occurrence of flight crew errors. Determining which
types of transgressions and factors contribute to these inconsistencies is a
goal of the topical analysis.

It is also useful to observe that airport related problems are notice-
aply more prevalent in transgression incidents than in ASRS submissions
overall. It is hardly surprising that confusing airport layouts, signs, and
markings would have a noticeable relationship to runway transgressions. Not
expected however, is the diminished contribution of "other" factors which
include weather considerations.

Datasets 3 and 4 address timing factors. Distribution of transgression
occurrences across the week is entirely consistent with other ASRS data, even
exhibiting the markedly reduced weekend rates found throughout the database.
The time at which an incident occurred is indicated by quarter of the day.
Values for the transgression sets are remarkably consistent with the universe
of 1incidents contained by the database, although there is a slightly higher
than normal frequency (3 percent) of runway transgressions during the fourth
quarter. This 1is logical if one assumes that darkness would exacerbate on-
airport navigation problems.

Dataset 5 further illustrates the relationship of time to runway
transgressions. The frequency of daylight occurrences is virtually identical
in all three columns. Although there is a slightly higher propensity for
nighttime occurrences, transgressions occurring during the dawn and dusk
transition periods do not vary significantly from the norm.

Whereas the most publicized runway transgression accidents seem to
involve poor weather conditions, ASRS data indicate that only about 19 per-
cent of runway transgression reports tell of weather-related problems. This
rate is actually 4 to 5 percent lower than the database as a whole. The
importance of this observation is obvious. Dataset 7 sheds some additional
light where it indicates that runway transgressions are less Tikely to occur
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in instrument flight conditions and more likely to occur under visual flight
conditions than other types of incidents. This finding, along with the rela-
tively small increase in the incident rate involving airport problems, indi-
cates that the human error aspect of runway transgressions may be more signi-
ficant when viewed in the absence of expected predisposing conditions.

Operational factors. - Table 2 compares the distributions of several

operating factors among the datasets. It can be seen from the first of these
that pilot or crewmember reporters (including Air Force and Navy) constitute
approximately 60 percent of the runway transgression population and sample
sets, while the remaining portion is derived from controllers. This ratio is
perfectly congruent with that exhibited by all types of ASRS reports. Since
pilots submit the majority of reports, it is interesting to view the break-
down of pilot operational associations. Dataset 2 indicates that air carrier
pilots are overwhelmingly the most frequent reporters. It should be further
observed that air carrier pilot reports citing runway transgressions exceed
the normal rate of air carrier pilot reports present in the total database.
These findings should not be misconstrued to mean that air carrier pilots are
more prone to causing or being involved in runway transgressions. They do
indicate, however, that air carrier crews are more 1likely to observe
transgression errors. Many factors beside involvement may contribute to
this; one possibility is that air carrier pilots may frequent airports where
local traffic densities and airport configuration might make runway
transgressions mure likely.

Datasets 3 and 4 provide a demographic picture of the types of aircraft
and operators appearing in runway transgression reports. Since more than one
aircraft are often present in a single report, the values given are based on
the total number of aircraft in the collection. One cannot, of course,
assume that all aircraft coded within a report are necessarily pertinent to
the transgression incident.

Trend Analysis

Over the past several years, trend analyses of ASRS data have oeen car-
ried out on an experimertal basis. Designing algorithms for trend detection

13



TABLE 2.

OPERATIONAL FACTOR COMPARISONS

Population

Sample

ASRS Database (5/78-9/83)

Factors No. of Rpts| Percent | No. of Rpts No. of Rpts Percent
1. Reporter
Air Force 22 1.8 7 7 1,463 6.2
Crewmember 59 4.9 19 .7 1,262 5.4
Controller 486 40.1 158 .2 9,235 39.2
Navy 3 0.2 - 469 2.0
Observer 4 0.3 1 173 0.7
Passenger - - - 49 0.2
Pilot 636 52.4 218 10,892 46.2
Unknown - - - 27 0.1
2. Reporter's Operati
Air Carrier 529 74.0 190 81.2 8,724 62.6
Gen. Aviation & Air Taxi 119 16.6 32 13.7 2,229 16.0
Military 25 3.5 7 3.0 2,013 14.4
Other 4 0.6 1 0.4 138 0.9
Unknown 43 6.0 14 6.0 828 6559
3. Aircraft Type
Small aircraft 570 30.4 187 30.4 8,875 23.9
Small transport 300 16.0 101 16.4 5,416 14.6
Light transport 68 3.6 22 3.6 1,178 3.1
Military transport 20 1.1 4 0.7 1,386 37
Medium transport 49 2.6 18 2.9 875 2.4
Medium large transport 282 15.0 9 16.1 4,972 13.4
Large transport 338 18.0 110 17.9 6,983 18.8
Heavy transport 52 2.8 16 2.6 980 2.6
Wide-pody transport 114 6.1 42 6.8 2,164 5.8
Military training aircraft 10 0.5 3 0.5 987 2.7
Fighter aircraft 14 0.7 3 0.5 1,272 3.4
Bomber 7 0.4 - - 670 1.8
Other 8 0.4 1 0.2 348 0.9
Unknown 42 2.2 9 1E5 958 2.6
Aircraft Operator
Air Carrier 899 48.0 308 50.1 16,674 45.0
Gen. Aviation & Air Taxi 421 22.5 136 22.1 6,923 18.7
Military 60 3.2 12 2.0 4,607 12.4
Other 18 10 8 1238 450 132
Unknown 475 25.4 151 24.6 8,392 22.7
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is not difficult and their implementaiton 1is relatively simple. Problems
arise, however, in identifying report sets that exhibit stable biases over
time.

For a variety of technical and practical reasons, ASRS trend analysis
methods are nonstandard. Historically, ASRS data have exhibited erratic
behavior, non-constant cycles, and sharp discontinuities. Thus, techniques
that rely upon statistically stationary data are not well suited to ASRS
applications. In general, each point in the trend dataset is fitted indivi-
dually. There are no trend equations or related structures underlying the
smoothed trend lines. As each point is fitted, the values of points adjacent
to it are used to generate a set of prior hypotheses regarding the "true"
value of a given point. The probability that this value 1is correct is
evaluated by comparing it with the actual observed value. This is accom-
plished by looking at the general scatter in the trend data. The greater the
scatter, the more validity is afforded the hypotheses that vary appreciably
from each observed value. After evaluating 20 to 30 prior hypotheses for
each point, a maximum likelihood estimate of the "true" value is then made.
This estimate is referenced as the "smoothed" value in trend depictions.

Figure 2 is an ASRS trend analysis of the population dataset for runway
transgressions. The columns of values to the left contain the numeric data
for the trend set, the normalizing set, and the relative trend. In this
case, the normalizing set consists of all primary reports received over the
timespan covered by this study. The relative trend is the runway transgres-
sion rate as a percentage of the total primary report rate. The plots to the
right correspond to the numeric data. They are read chronologically from top
to bottom with higher values appearing toward the right. The rightmost plot
depicts the relative trend while the transgression data and normalizing
values are charted to the left.

The relative trend for runway transgressions is typical in that it shows
a cyclic benavior that appears to be seasonal. Transgression incident
reports were at their peak between January 1980 and March 1981. Shortly
thereafter, the air traffic controllers' strike occurred and the level of
reported transgressions dropped. The seasonal variation remains fairly con-
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RUNWAY TRANSGRESSIONS

ASRS TREND ANALYSIS --

FIGURE 2.



sistent after the controllers' strike with the exception of the period
between February and July 1982. During this time, the transgression report
rate decreased slightly to its present level. Since the time of the ATC
strike, the overall trend of runway transgression incidents reported to ASRS
shows a very mild abatement.

Topical Analysis of the Sample Set

The sample set was analyzed by thoroughly reading each report. After
initially reviewing every tenth record, lists of authorized entries were com-
piled to serve as a basis for the analytic process. These 1lists were
appended as was found necessary. The factors utilized in evaluating the sam-
ple reports are sﬁown in Appendix A. The factors assigned each report in the
sample set are tabulated in Appendix B.

Transgression occurrence typology. - Although occurrences were charac-

terized independently by Type of Occurrence and Enabling Actor, detailed
examination of the sample reports showed that the two are logically 1linked;
this 1linkage 1is the basis for an occurrence typology that is used as the
organizing framework for all subsequent analysis.

Figure 3 shows the percentage distribution of the eight most prevalent
incident descriptors (seven categories are included in "all other"). In some
instances, occurrences are described as corresponding to more than one type.
For 1instance, an "unauthorized landing" might also be labelled a "wrong air-
port landing". The tallies, therefore, will not total 100.

Figure 4 shows the distribution of Enabling Actors. The chart shows
that pilot errors are far more frequent than those of all other enabling
actors combined, totalling approximately 2-1/2 times more than errors by con-

trollers.

Figure 5 snows the six major classifications of runway transgressions
categorized by associating the enabling actor with the operational phase of
the transgressing aircraft. Each bar is sectioned to illustrate the com-
ponent conflict severities for that category. Consistent with Figure 3, this
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FIGURE 5. RUNWAY TRANSGRESSION INCIDENTS

chart illustrates the preponderance of pilot errors over those of controll-
ers. Within this group, transgressions during arrival and taxi dominate over
those occurring during departure. Reports of controller-enabled incidents
show that errors during taxi are relatively high. However, instead of being

eclipsed by arrival events, as are pilot errors, incidents during the depar-
ture phase are predominant.

Figure 5, in its breakdown by conflict severity, provides the basis for
the consequence analysis of runway transgressions. Each bar depicts descend-
ing severity levels from the bottom to top. It is extremely interesting to
note the manner in which the bar relationships change as one progressively
ignores the conflicts of lesser severity. The top section of each bar
represents the portion of incidents not resulting in a conflict. Looking
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first at the pilot-enabled occurrences and eliminating the no-conflict por-
tions, it is seen that the total number of events is cut in half. More sig-
nificant, however, is that transgressions during taxi now dominate over those
during arrival by a considerable amount. On the controller-enabled side,
this same selective comparison shows the most noticeable decrease in
occurrences during the taxi phase.

The next level in conflict severity involves the "possible" category:
separation anomalies where the risk of an actual collision was insignificant.
By eliminating these from consideration one is left with a depiction of those
runway transgressions where safety was judged to have been compromised. Once
again, the picture changes sharply. With respect to pilot-enabled errors,
the total number of occurrences in the arrival and taxi categories are nearly
equal. Furthermore, the split between those incidents termed "critical" and
those considered "hazardous" 1is also about even. Pilot errors during the
departure phase number only half those of the other two categories with an
even balance between consequences of a critical or hazardous nature. This
result is still consistent with the overall relationships of pilot transgres-
sions regardless of consequence.

To an even greater degree, controller-enabled transgressions involving a
hazardous or critical conflict can be seen to stand above the rest during the
departure phase. The most remarkable change, however, is the diminishing
presence of occurrences during taxi. Those that significantly encroach upon
safety are consistent with those in the arrival category.

The balance among all categories can be seen to change noticeably when
one considers only hazardous and critical conflicts. Whereas pilot taxi and
arrival transgressions dominate the total occurrence comparisons, the
controller-enabled departure incidents now take the lead. Equally important,
however, is that the predominance of controller departure transgressions con-
sist of critical conflicts which, by themselves, exceed both the hazardous
and critical events in the other two controller-enabled types.

Factor analysis. - The factor analysis of the runway transgression sam-
ple set was conducted as a two-tiered process. Using the groupings shown in

20



Figure 5, and within each major enabling factor category, counts of associ-
ated factors were totalled. These were then examined in the relation to
consequence severity. In this manner it was possible to associate different
types of human errors and/or predisposing conditions. Results of the factor
analysis are presented in Tables 3 through 20. The tables show the number of
citations for various factors. Since each report can have multiple enabling
or associated factors, these counts cannot be related uniquely to numbers of
incidents.

Tables 3 through 5 document factors pertinent to pilot-enabled arrival
transgressions. Table 3 tallies these without regard to their enabling or
associated status. They are listed in hierarchical order based upon the
total number of reports in which a given factor is found. This value appears
in the first column. The second and third columns show, respectively, the
number of times a particular factor appears in an incident having a critical
or a hazardous consequence.

In Table 4 factors are differentiated by the enabling and associated
categories. Enabling factors are shown in the left column and for each one,
correlated associated factors are listed in descending order of frequency.
The last two columns delineate the number of times each factor is found in
occurrences having a critical or a hazardous consequence. Values appearing
next to an enabling factor represent only those incidents of a critical or
hazardous nature where that factor was deemed as enabling. Similarly, values
beside associated factors refer only to citations as an associated factor in
critical or hazardous occcurrences.

Table 5 shows the frequency of all factors when aggregated into more
general classifications of interest. The original list of 103 factors was
compressed into approximately 20 categories. Appendix B shows the factor
groupings as a function of each classification. Table 5 is similar to Table
3 in that it does not distinguish between enabling and associated factors,
and only the more preponderant listings are shown.
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TABLE 3. PILOT-ENABLED ARRIVAL TRANSGRESSIONS:

ALL FACTORS

Number of Number of Number of
Factor Citations | Critical Citations | Hazardous Citations

Pilot failure to contact tower

during approach 43 1 1
Pilot misorientation 29 6 6
Pilot distraction/flying 23 1 0
Pilot workload 19 0 0
Restricted visibility 14 3 3
Pilot distraction/traffic 13 0 0
pilot misunderstanding of clearance 13 0 0
Pilot unfamiliarity with airport 12 1 3
Radio communication problem 12 1 3
Pilot inexperience 10 1 2
Training in progress 9 1 1
Airport configuration 9 2 1
Multiple runway operation/parallel 8 2 2
Pilot distraction/unspecified 8 0 0
Pilot failure to follow clearance 8 1 1
Pilot misoperation of radio 8 0 0
pilot failure to follow standard procedures 7 0 0
Pilot fatigue 7 0 0
Radio equipment problem 7 1 0
Pilot failure to request clearance 6 0 1
High traffic volume 6 1 1
Pilot distraction/equipment failure 5 0 0
Pilot failure to go around 5 3 1
Controller failure to issue frequency change 4 0 0
Multiple runway operation/intersecting 4 0 0
Pilot distraction/radio 4 0 0
Readback problem 4 0 1
Use of nonstandard phraseology 4 1 0
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TABLE 4. PILOT-ENABLED ARRIVAL TRANSGRESSIONS:
CAUSAL FACTOR CORRELATIONS
Enabling Number of Associated Number of Number of Number of
Factors Citations Factors Citations | Critical Citations( Hazardous Citations
Pilot failure to contact
ttower on approach 43 1 1
Pilot workload 13 0 0
Pilot distraction/
flying 6 0 0
pPilot fatigue 4 0 0
Pilot distraction/
radio 3 0 0
Pilot inexperience 3 1 2
Pilot misorientation 29 6 6
Restricted
visibility 6 2 3
Arpt configuration 6 2 1
Pilot inexperience 5 - -
Multiple runway
operation/
parallel 4 2 2
Pilot distraction/flying 14 1 0
pPilot workload 5 - c
High traffic volume 2 1 1
Clearance revised 2 0 0
pilot misunderstanding
of clearance 12 0 0
Pilot fatigue 2 - =
Readback problem 2 0 1
Radio equipment
problem 2 1 0
Controller failure
to visually locate
traffic position 2 0 0
Pilot failure to follow clearance 8 1 1

23



TABLE 5. PILOT-ENABLED ARRIVAL TRANSGRESSIONS:
AGGREGATED FACTORS

Nurper of Nurber of Number of
Factor Citations | Critical Citations | Hazardous Citations
Pilot gistraction 54 1 0
pilot failure to contact tower during approach 43 1 1
Communication problem 42 3 3
Pilot tlying tasks 30 2 0
Pilot misorientation 29 6 6
Pilot clearance 26 3 4
Airport geography 21 4 3
Weather 20 2) 3
Pilot workload 19 0 0

Tables 3 and 4 show that "pilot failure to contact tower during
approach" and "pilot misorientation" are the two most frequently cited fac-
tors. Furthermore, they both appear exclusively as enabling factors. The
phrase "failure to contact tower" refers to what might be simply described as
forgetfulness. This error manifests itself in several ways and is discussed
later. "Pilot misorientation" refers to a pilot's or flight crew's continu-
ous awareness of their geographical position. Most often, problems with
orientation are accompanied by a restricted visibility condition and non-
simple airport configurations. "“Pilot inexperience" is also a contributor to
such situations. Arrival transgressions covered under this category include
wrong-runway landings and sometimes wrong-airport landings. Tables 3 and 4
indicate that transgressions due to pilot misorientation result in a critical
or hazardous conflict considerably more often than any other factor. Res-
tricted visibility, primarily an associated factor and predisposing condi-
tion, also appears consistently in critical or hazardous incidents -- though
much less so than pilot misorientation overall.

When factors are lumped together into topical groups, as shown in Table
5, pilot distractions are more frequently cited than failures to contact the
tower. There is probably a fair amount of redundancy of incidents between
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these two groupings. There is some justification for grouping distractions,
workload, and flying tasks together as workload contributors. Each of these
factors is significant in its own right, and if their associated mechanics
and effects are consistent to any degree, the combined group would take on
extraordinary significance. Also high on the 1ist of aggregated factors are
communication and clearance problems. Both are significant contributors to
those incidents with more severe consequences.

Tables 6 through 20 show the results of the factors analysis for the
five remaining occurrence classifications. The tables are similar to those
just discussed.

ASRS reports indicate that taxi transgressions enabled by pilots result
overwhelningly from problems with clearances. In combination with a propen-
sity for pilot misorientation at confusing airports, this accounts for the
clear majority of these incident types. Most often, there is some aspect of
their clearance that pilots fail to understand. Table 7 indicates that com-
plex airport configurations can exacerbate the effects of this error. How-
ever, multiple active runways, clearance expectations, and a failure to read-
back are significant associated factors. The table also indicates that
pilots will sometimes forget to request a clearance when one 1is required.
This 1is sometimes the result of misorientation. A pilot unaware of his pre-
cise position on the airport may inadvertently cross a runway. He knows that
clearance for this is required, but realizes his mistake too late to make the
request. Communication problems, as indicated in Table 8, are also signifi-
cant contributors to these incidents. This is not surprising since such fac-
tors can often be linked to occurrences involving misunderstood clearances.

The final category of pilot-enabled runway transgressions are those
occurring during the departure phase (Tables 9, 10, and 11). As with taxi
transgressions, clearance misunderstandings are the predominant contributor.
In contrast though, airport 1layout and other geographical factors are not
significantly associated with this. Problems with phraseology, pilot expec-
tations, similar alphanumerics, and intersecting runway operations are most
frequently noted as associated factors (Table 10) with intersecting runways
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TABLE 6.

PILOT-ENABLED TAXI TRANSGRESSIONS:

ALL FACTORS

Readback problem
Training in progres
Language nroblem
Pilot inexpcrience
Pilot workload
Similar alphanumeri
Unique airport proc
Complex clearance
Expected clearance

Airport constructio
Frequency congestio

Controller workload
Hearback problem
Night operations
Pilot distraction/r
Restricted visibili

Traffic volume

Radio communication problem

S

cs
edures

Multiple runway operation/parallel

n
n

Pilot failure to follow standard procedures
Pilot misunderstanding of standard procedures

Pilot acting on a clrnc for another acft

adio

Pilot nonstandard radio procedures

ty

Simul taneous radio transmission

Use of nonstandard phraseology
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Number of Number of Number of
Factor Citations | Critical Citations | Hazardous Citations
Pilot misunderstanding of clearance 44
Airport configuration 40
Pilot misorientation 34
Pilot distraction/unspecified 16
Pilot unfamiliarity with airport 15
Pilot failure to request clearance 14
Pilot failure to follow clearance 13
Multiple runway operation/intersecting 11
Pilot lack of vigilance 11
Runway/taxiway markings/sign problems 10
Pilot habit 9
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TABLE 7.

PILOT-ENABLED TAXI TRANSGRESSIONS:
CAUSAL FACTOR CORRELATIONS

Enabling Number of Associated Number of Number of Number of
Factors Citations Factors Citations | Critical Citations | Hazardous Citations
Pilot misunderstanding of clearance 44 4 6
Arpt configuration 15 3 5
Readback probliem 7 0 1
Multiple rwy operation/
intersecting 6 0 4
Similar alphanumerics 5 0 }
Expected clearance 4 0 0
Pilot distraction/
unspecified 4 0 1
Pilot habit 4 0 0
Pilot inexperience 4 0 0
Pilot msorientation 29 2 2
Arpt configuration 153 - 3
Pilot dgistraction/
unspecified 5 - o
Pilot unfamiliarity
with airport 3 1 0
Radio communication
probtem 3 2 0
Training in progress 3 0 1
Pilot failure to request clearance 14 2 4
Arpt configuration 4 - =
Rwy/txwy markings
and signs 2 0 0
Pilot tack of vigilance 2 1 1
Pilot distraction/
unspecified 2 - =
Unique arpt procedures 2 1 1
Pilot failure to follow clearance 13 1 2
Arpt configuration 8 - %
Pilot unfamiliarity
with airport 3 - "
Rwy/txwy markings
and signs 3 - <.
2ilot lack of vigilance 7 2 0
Arpt configuration &) - &
Pilot workioad 2 1 0
Pilot distraction/unspecified 6 1 ]
Arpt conf<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>