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EXECUTIVE SUMMARY 

Aircraft flying at altitudes different from those assigned by Air 

Traffic Control (ATC), are frequently reported to the Aviation Safety Report­

ing System (ASRS). This study focuses on the probability distributions of 

the magnitudes of altitude deviations obtained from 502 ASRS reports received 

between May, 1978 and November, 1979, and the implications of those distribu­

tions. 

The altitude deviations range from 100 to 16,500 feet, and occur with 

nearly equal frequencies ahove and below assigned altitu<les. A scatterplot 

shows that large and small altitude deviations are not strongly associated 

with high and low altitudes, respectively. The magnitudes of the altitude 

deviations show marked concentrations at integer multiples of 1,000 feet. 

Less than 20 percent of this concentration is attributed to rounding. 

Rather, the concentrations reflect the tendency of deviating aircraft to be 

flying level at cardinal altitudes or for their deviation to be detected at 

cardinal altitudes. For approximately 100 reports involving conflicts where 

avoidance or evasive action was taken, a scatterplot shows that large alti­

tude deviations are not associated with small miss distances. 

The magnitudes of altitude deviations, without regard to sign, are found 

to be exponentially distributed with a mean altitude deviation of approxi­

mately 1,080 feet. Exponential distributions are also found for various sub­

groups of the reports that include: failures-to-maintain assigned altitudes, 

including premature departures; and failures-to-attain assigned altitudes, 

including failures to meet crossing restrictions. The exponential distribu­

tions of the altitude deviations for these subgroups have mean altitude devi­

ations of 770, 1,240, and 1,960 feet, respectively. Exponential distribu­

tions of altitude deviations are also obtained for other subgroups that 

include: reports involving pilot-initiated and controller-directed evasive 

actions, reports received from pilots, reports received from controllers, and 

reports involving military and nonmilitary aircraft. 
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The exponential form of  the distribution of  magnitudes of altitude devi­

ations is explained by interpreting the results in a time domain. If  the 

magnitude of an altitude deviation is divided by a re ference rate of  climb or 

descent, the resulting time can be interpreted as an estimate o f  the time 

required to generate the altitude deviation at that rate. Because altitude 

control mechanisms were inoperative, overriden, or failed to serve their 

function in most narrative accounts of altitude deviations, such a time is 

interpreted as referring to the time required for human detection o f  the 

altitude deviation. The exponential forms for the detection times are also 

implied by a direct argument given in the report. 

Based on an assumed reference rate o f  1,500 ft/min, it is computed that 

half of the time an altitude deviation would be detected within 30 seconds. 

Corresponding half-lives for altitude deviations involving failures-to-level, 

failures-to-maintain, and failures-to-attain are approximately 20, 35, and 55 

seconds, respectively. A change in the reference rate of  climb o r  descent 

yields an inversely proportional change in mean detection time but does not 

change the exponential form of the distribution of  detection times. A re fer­

ence rate of 1,500 ft/min is used for illustrative purposes only. 

The general argument for exponentially distributed detection times may 

be applicable to a variety of other aviation safety problems. For the argu­

ment to be applicable, the problem must come into existence at some inception 

time and then persist until detection. Problems involving heading errors and 

communication errors are likely candidates for exponential distributions of 

detection times; less likely candidates include problems associated with 

fatigue or inexperience. 
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PROBABILITY DISTRIBUTIONS OF ALTITUDE DEVIATIONS 

by 

Ralph E. Thomas* and Loren J. Rosenthal** 

SUMMARY 

This is a statistical study of the magnitudes of altitude deviations 

obtained from 502 ASRS reports received between May, 1978 and November, 1979. 

The deviations range from 100 to 16,500 ft. The magnitudes of altitude devi­

ations, without regard to sign, are found to be exponentially distributed 

with a mean of 1080 ft. Exponential distributions are also found for various 

subgroups of the reports that include: failures-to-level in which pilots 

fail to level at assigned altitudes; failures-to-maintain assigned altitudes, 

including premature departures; and failures-to-attain assigned altitudes, 

including failures to meet crossing restrictions. These subgroups show mean 

altitude deviations of 770, 1240, and 1960 ft, respectively. At a constant 

reference rate of climb or descent, these results are interpreted as exponen­

tial distributions of times required for human detection of altitude devia­

tions. On this basis, at an assumed reference rate of 1500 ft/min, it is 

computed that, half of the time, an altitude deviation would be detected 

within 30 seconds. Corresponding half-lives of altitude deviations involving 

failures-to-level, failures-to-maintain, and failures-to-attain are found to 

be approximately 20, 35, and 55 seconds, respectively. A change in the 

reference rate of climb or descent yields a change in the mean detection 

time, but does not change the exponential form of the distribution of detec­

tion times. 

*senior Research Leader, Statistical and Mathematical Modeling, Battelle's 
Columbus Laboratories; Dr. Thomas is consulting statistican for BCL's ASRS 
Office. 

**Research Scientist, Transportation Systems Section, Battelle's Columbus 
Laboratories. 



INTRODUCTION 

Altitude deviations are one of the most frequent aviation safety prob­

lems reported to the Aviation Safety Reporting System (ASRS). This study 

examines the probability distributions of the magnitudes of altitude devia­

tions and their implications. It is based on an analysis of 805 reports 

received between May, 1978 and November, 1979. Altitude deviation data were 

obtained from 502 of the reports. 

OBJECTIVES AND SCOPE 

The objective of this research is to identify and describe the statisti­

cal properties of the magnitudes of the altitude deviations reported to the 

ASRS. In this report, an altitude deviation is said to occur when an air­

craft is flown at an altitude different from that assigned by ATC. This 

definition excludes from study those instances in which (1) aircraft were 

flown at improper altitudes because of controller errors, (2) aircraft 

climbed or descended from previously assigned to newly assigned altitudes, 

and altitude excursions resulted from the exercise of pilot emergency 

authority. The research includes reports involving climbing or descending 

aircraft that fail to level at the ATC assigned altitude, reports in which an 

aircraft prematurely leaves an ATC assigned altitude, and reports in which an 

aircraft fails to reach its assigned altitude. These are termed in this 

report, respectively, failures-to-level, failures-to-maintain, and failures­

to-attain. 

Initial research efforts analyzed altitude deviations as spatial 

phenomena. ASRS incident reports are generally conducive to such an analysis 

and provide sufficient data to estimate the magnitude of the deviation in 

distance units. 

As the research effort evolved, it became apparent that the altitude 

deviations might usefully be examined in the time domain as well. The sta­

tistical properties of the detection times of altitude deviations are of par­

ticular interest. The data provided in ASRS reports generally are 

(3) 
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insufficient to directly measure the magnitudes of altitude deviations in 

time. However, some broad inferences can be drawn in the time domain using 

deviation distance measures as surrogate data. 

The flight geometry of altitude deviations is not as simple as might be 

imagined. The three basic altitude deviations cited above have varying spa­

tial and temporal characteristics. During the study effort, the geometry of 

altitude deviations was investigated carefully. This exercise served two 

purposes: (1) it provided a basis for explicitly defining alternative alti­

tude deviation measures in both the spatial and the time domain, and (2) it 

permitted the authors to code the actual flight pattern of each altitude 

deviation in terms of a standardized geometric form and to contrast that with 

a coded version of the expected flight pattern anticipated by ATC. 

The statistical part of this study is directed toward characterizing the 

distributional properties of altitude deviations including the form and 

parameters of the distributions and their interpretations. Later it will be 

evidenced that the altitude deviations reported to ASRS are amenable to study 

as exponentially distributed populations. Considerable attention is given to 

partitioning the population in a search for statistically distinct subpopula­

tions. 

APPROACH 

The research approach is detailed in terms of: (1) the geometry of 

altitude deviations, (2) the method used to compute the magnitude of devia­

tions, (3) the interpretation of the computed deviations in the spatial 

domain, (4) the reinterpretation of the computed deviation in the time 

domain, (5) the data content of ASRS altitude deviation reports, and (6) the 

variables used to partition the data during the search for subpopulations. 

The Flight Pattern Geometry of Altitude Deviations 

Definitions. - Altitude deviation flight patterns are the deviating 

aircraft's flight characteristics at two points during the incident. These 
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two points are called the inception and emergence points. The inception 

point is the first in space and time where an altitude deviation can be 

observed or predicted with certainty by a knowledgeable observer. Accord-

ingly, the inception point corresponds to the first point at which the air­

craft is either in a deviant state; or, it represents a preceding point at 

which the aircraft's flight dynamics necessitate a subsequent altitude excur­

sion. 

The emergence point is the first point where an aircraft's actual flight 

altitude differs from the level flight altitude expected by ATC. The ATC 

expected level flight altitude is based upon ATC's expectation that an air­

craft which receives an altitude assignment will ( 1) depart for the assigned 

altitude in a timely fashion, ( 2) ascend or descend to the assigned altitude 

at a rate consistent with ATC's understanding of its performance characteris­

tics, ( 3) level at its assigned altitude upon reaching it, and (4) maintain 

the assigned altitude until cleared or directed to another altitude. 

Flight pattern coding scheme. - The altitude deviations investigated 

are coded in terms of their flight characteristics at the inception and emer­

gence points. Specifically, an altitude deviation consists of four phases: 

11 = The flight phase immediately before the inception point 

12 = The flight phase immediately after the inception point 

El = The flight phase immediately before the emergence point 

E2 = The flight phase immediately after the emergence point. 

In each flight phase the aircraft would be in one of the following states: 

1. Level Flight (L) 

2. Ascending Flight (A) 

3. Descending Flight (D) 

4. Transition to Level Flight (TL) 

s. Transition to Ascending F light (TA) 

6. Transition to Descending Flight (TD). 
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Each aircraft's flight pattern is coded for the four flight phases using the 

following format: Il/12, El/E2. The definitions and coding scheme a re 

illustrated for selected flight patterns in Figure 1 depicting the three 

basic altitude deviation flight patterns: 

1. Failures-to-level at assigned altitudes including all 
flight patterns where the aircraft reaches its assigned 
altitude and flies through it without levelling 

2. Failures-to-maintain assigned altitudes including all 
flight patterns where the aircraft departs or d rifts from 
an assigned altitude where it had been flying level 

3. Failures-to-attain assigned altitudes including all cases 
where the deviating aircraft fails to reach its assigned
altitude in a timely fashion. 

Variations on these fight patterns are possible, but the categories are mutu­

ally exclusive and exhaustive. Each deviation can be placed in one, but only 

one, of these categories. 

Associated with each illustration in Figure 1 are the- codes correspond­

ing to the actual aircraft flight pattern and the ATC expected flight pat­

tern. Together they provide a standardized geometric description of the 

altitude deviation. 

Figure la shows an ascending failure-to-level that is designated A/A, 

A/A. This is interpreted as when an ascending aircraft approaches its 

assigned altitude and should have commenced levelling no later than the 

deviation's inception point, but instead, it continues to ascend. This is 

denoted as A/A. At this point the pilot-not-flying or other observer could 

have predicted the subsequent deviation if they were watching. As the air­

craft reached its assigned altitude it was still ascending and continued to 

ascend thereafter. The deviation emerges at this point. This is also coded 

A/A. The total flight pattern then becomes A/A, A/A. By contrast, the 

flight pattern expected by ATC is: A/TL, TL/L denoting ascent followed by 

transition to level flight at the assigned altitude. 

A failure-to-maintain deviation with a flight pattern code 1/TD, L/TD is 

shown in Figure lb. This incident might involve a level flying aircraft that 
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mistakes another aircraft's clearance as its own and descends without author­

ization. This deviation would be identifiable at the beginning of the excur­

sion but not before. Thus, the inception and emergence points of this and 

all failures-to-maintain are simultaneous. The flight pattern denoting this 

repeats itself: L/TD, L/TD. The ATC expected flight path for this incident 

is L/L, L/L requiring the maintenance of level flight. 

A failure-to-attain incident of the L/L, D/D variety is depicted in Fig­

ure le. Such an incident involves an aircraft that belatedly descends to 

meet a crossing restriction. The inception point is the last point where the 

aircraft could have departed from the higher altitude and still met the 

crossing restriction. In this incident the aircraft remains level after the 

inception point, making the deviation inevitable and predictable. This is 

coded L/L. Assuming that the failure is detected and the aircraft makes a 

belated descent before the crossing restriction is encountered, the aircraft 

would descend at the emergence point -- in fact, the crossing point. This is 

coded D/D and the entire code then becomes L/L, D/D. The contrasting ATC 

expected flight pattern is L/TD, TL/L denoting level flight with transition 

to descent at the inception point followed by transition to level flight 

before the crossing point with level flight thereafter. 

Every altitude deviation in the database has a detection point subse­

quent to the inception point. Further, the detection point usually but not 

always follows the emergence of the deviation. (Some of the failure-to-attain 

incidents involving crossing restrictions have detection points preceding the 

emergence of the deviation.) 

The flight state at the detection point is generally the same as the 

deviating aircraft's flight state immediately following the emergence point. 

However, this is not true for a few incidents. These incidents involve air­

craft flying through or departing from an assigned altitude and levelling 

afterwards at an unassigned altitude where they fly for some time before the 

deviation is detected. 
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Computing the Deviation 

The ASRS narratives in this study generally mention two altitudes: (I) 

the ATC assigned altitude, and (2) a different altitude where the aircraft 

actually flew. Most frequently the second altitude is the aircraft's alti­

tude at the time the deviation was detected. In a few reports it is the max­

imum excursion point of the aircraft or some other altitude at which the air­

craft flew subsequent to the deviation's inception. 

In this study the magnitude of each altitude deviation is computed as 

the absolute value of the difference between the ATC assigned altitude and a 

different, actual flight altitude. Deviations measured in this manner are 

amenable to analysis and yield statistically meaningful results. 

The magnitudes of the deviations in 502 out of 805 incidents in the 

database are measured in this way. Twenty-nine reports are excluded because 

of unresolvable conflicts within the narratives as to the actual deviations. 

An additional six reported deviations are excluded as outliers whose magni­

tudes far exceeded these of other reports. These are discussed more 

thoroughly later. Deviation distances are not computed for the remaining 268 

reports for one or more reasons: (I) the incident is not clearly identifi­

able as an altitude deviation, (2) the data are insufficient to compute a 

deviation, or (3) the report describes an incident already in the database. 

The last occurs when two or more individuals independently report the same 

incident to ASRS. 

Interpretation in the spatial domain. - The deviations computed in this 

study generally describe the vertical altitude differential between the ATC 

assigned altitude and the actual flight altitude at the detection point. 

Accordingly, the computed deviation can usually be regarded as a lower bound 

measure of the maximum excursion distance during the deviation. This concept 

is made clear in Figure 2 using a failure-to-level incident to illustrate the 

computed deviation measurement and its relationship to the maximum altitude 

excursion distance. 
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Reinterpretation in the time domain. - It is possible to reinterpret 

the computed deviations in the time domain using the computed deviation dis-

tance as a proxy for the deviation time. This is reasonable because there is 

a rough proportionality between the time that elapses during an altitude 

deviation incident and the distance which the aircraft covers during the 

incident. 

In the time domain, an interesting measure is the time elapsed between 

the inception of an incident and its detection. The computed deviation dis­

tance can be used to dev�lop a lower bound approximation of this detection 

time. Specifically, if one knows the average vertical speed of the aircraft 

during the deviation, it is possible to calculate the time elapsed between 

the emergence of a deviation and its detection. This is a lower-bound esti­

mate for the time that elapsed between the deviation's inception and detec-

tion. This latter quantity is meaningful because the inception point is the 

first point where the deviation is capable of detection. These concepts are 

illustrated in Figure 3 by reinterpreting a computed deviation distance for a 

failure-to-level incident in the time domain. 

Data Content of Narratives 

The narrative portion of each ASRS· report was examined to extract quan­

titative information about the magnitude of the altitude deviation, and to 

classify the report according to the flight patterns just described. Example 

narratives are given in Table 1. The first three narratives are based on 

pilot reports; the last two narratives were submitted by controllers. Under­

scoring indicates the altitude information used to compute the altitude devi­

ation. 

The failure-to-level narrative shows that the difference between the 

flight altitude and the assigned altitude is 1000 ft. This altitude devia­

tion is judged to underestimate the maximum excursion distance. Similarly, 

an altitude deviation of 1200 ft is obtained for the failure-to-maintain 

example. This deviation is also judged to be an underestimate of the maximum 

altitude deviation. In the third example, a failure-to-attain incident 

report provides data used to compute an altitude deviation of 2000 ft. This 
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TABLE 1. EXAMPLE NARRATIVES FROM ASRS REPORTS 
INVOLVING ALTITUDE DEVIATIONS 

Accession 
Number- Narrative 

{a) Example of a Failure-to-Level Narrative 

15528 NARRATIVE: While climbing to FL190, reassigned to FL250. Requested FL270 at which 
time the altitude alert was inadvertently set to FL270. The person flying thought 
FL270 was assigned. As FL260 was reached Center asked altitude. They were told 
and then replied FL250 was assigned. We descended back to FL250. The situation 
occurred because �misunderstanding between crew members and Center. However 
the crews using altitude alert systems get programmed to listen for the aural warn­
ing and have a tendency to not pay close attention to altitudes. 

(b) Example of Failure-to-Maintain Assigned Altitude 

10529 NARRATIVE: Received a call from Center advising that our 9000 ft FL would not be 
sufficient after AVE, which we were aware of. They asked if we would like 11000 or 
13000. We acknowledged we would take 11000. Ctr in turn said, I believe, ACFT ABC 
cle,ired to 11000. We in turn replied, ACFT ABC is out of 9000 for 11000, Another 
aircraft, ACFT CBA, at the same time received a climb to 13000. When I was at 10200 
Ctr called and asked if I uas climbing. I replied I was and Center said that he had 
not given me climb clearance. I replied that I thought I had received it and that I 
had replied at least twice to him that I was climbing. I even discussed the sit­
uation with my co-pilot and we were in agreement. Ctr did say there was no problem 
caused and that we could continue to 11000. Possibly the nearness of these two 
numbers caused either myself or Ctr some confusion. I personally will be more dili­
gent myself in the future. 

(c) Example of Failure-to-Attain Assigned Altitude 

1)727 NARRATIVE: The 8000 ft crossing altitude at Falon was moderately missed. ATC told 
us about it and we descended to 8000. (There was no problem with other traffic or 
anything else. We had stayed at 10,000 ft, 250K from FTZ). The main reason for the 
missed altitude is that I overlooked the 8000 ft requirement when I initially looked 
at the descent profile chart. Then I had that part of the chart covered with a 

piece 0£ scrap paper to copy frequencies and failed to look again. The co-pilot was 
flying and had flown the route all month. However, during the course of the descent 
we had been vectored off route thus canceling the profile descent and recleared to 
maintain 12,000 versus 10,000. Then had been cleared via profile descent route to 
12R. This meant to me via fTZ to Falon but not below 12,000. I later questioned
approach control on this and they cleared us via profile descent to 12R. Some dis­
cussion arose in the cockpit concerning the legality of all this being recleared, 
etc. and as a result the co-pilot forgot to descend to cross Falon at 8000. To me 
these profile descents are full of traps like this and I would much prefer not to 
have them. 

(d) Example Narrative with Insufficient Altitude Information 

15)86 NARRATIVE: On 7/79 Wed. I was the r,idar controller on HCH !-IT JAKEOS, and F4 ACFT 
A based at MEI was cleared by BHM APCH for entry IR069. At the completion of his 
route JAKE05 reported to me tor clearance back to MEI. JAKE05 stated that he was 
at the HC!IJ40 008 at 2500 )ISL, contrary to his ,iltitude profile and infringing on 
IFR approaches to CSV. The pilot was unaware of his required altitude restrictions. 
This is the tl1ird s11ch operation I have been involved in since IR069 has been de­
signed, all involving the same pilot deviatin11. 

(e) Narrative not Classifiable by Flight Pattern 

15 39 l NARRATIVE: ACFT A was cleared to the Budat intersection to hold at 5000 ft. ACFT B 
Ya.s cleared to the Austin 21 o:�E on the 230 degree radial to hold at 3000. This was 
done at .:ipproximately (a �ivcn ti;;it). Sh(Jrtly thereafter A asked if there was a 
twin typ.e ACFT holdi:,g in his area. I told ,\ that there was but thdt he was at 3000 
ft. A then informed me th,.lt h� '.Ja.s at ]000 ft. 
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altitude deviation is judged to be a maximum altitude excursion. In the 

fourth narrative, the flight altitude is 2500 MSL, but, the assigned altitude 

is not reported. This narrative is an example of the altitude deviation 

reports for which the magnitude of the deviation could not be computed. 

The first example in Table 1 involves an aircraft that was 2000 ft below 

its assigned altitude, so the altitude deviation is taken to be minus 2000 

ft. However, there is insufficient information in the report to classify it 

as one of the flight pattern categories. The report exemplifies 122 of the 

502 reports that provide information on altitude deviations but cannot be 

further classified according to flight pattern. 

In summary, the approach used in this study involves examining 805 nar­

ratives to identify 502 reports containing altitude deviation information. 

This group of 502 deviations is studied to determine its statistical proper­

ties. The group is then partitioned into a variety of subgroups to determine 

whether the statistical properties of  the altitude deviations differ markedly 

from one subgroup to another. 

Partitioning the Population 

During the study effort, the authors considered the possibility that the 

502 reports contained in the database could be partitioned into subpopula­

tions that differed statistically as to either their distributional forms or 

parameters. One obvious partition is by flight pattern: failures-to-level, 

versus failures-to-maintain, versus failures-to-attain, versus unclassifi­

able. Other partitions investigated include: 

• Pilot versus controller versus pilot and controller
* reports 

• Military aircraft involvement versus no military involve­
ment 

• Conflict, evasive action taken or no time versus con­
flict, no known evasive action taken versus no conflict 
requiring evasive action. 

�Incidents where a pilot and a controller independently report the same in­
cident. 
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Findings are presented in this study in terms of the above partitions and for 

the population as a whole. 

RESULTS 

Distribution of Altitude Deviations 

Signs of deviations. - An altitude deviation is taken to be negative 

when the aircra ft is flown below the assigned altitude; positive when the 

aircraft is flown above the assigned altitude. Among the 502 altitude devia­

tions, 2 6 1  ( 52 percent) are positive; 2 4 1  ( 48 percent) are negative . 

Although more positive than negative deviations are reported, the difference 

can be attributed to chance. Thus, it is concluded that positive and nega­

tive altitude deviations occur with approximately equal frequencies'. 

Moreove r', a graphical examination shows that the magnitudes of the posi­

tive and negative deviations are generally symmetric about the origin. Based 

on these findings, subsequent examinations of  altitude deviations are made 

without regard to s ign. 

Outly ing al t itude deviations. All but six altitude deviations lie in 

the range from 100 to 6000 ft. The six exceptionally large altitude devia­

tions are listed in Table 2. Because of the sensitivity of statistical cal­

culations to such outliers , these six are exc luded from subsequent analyses. 

Although the basis for excluding the outliers is computational, there 

are addit'ional grounds for segregating them from the other altitude deviation 

repo rts. Four of  the six ( 1, 4, 5, and 6) involve deviations where the final 

magnitude of the excursion greatly exceeded its magnitude at the point of 

detect ion . The deviations became larger because of mechanical malfunct ions 

impeding the reassertion of control or because of the pilot 's decision to 

deviate f rom ATC directives. By contrast , most of the 502 computed devia­

tions measu re the magnitude o f  the deviation as the difference between the 

assigned altitude and the flight altitude at -- not after the detection 

time. 

1 3  
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TA BLE 2 .  LARGE ALTITUDE DEVIATIONS EXCLUDED 
FRON SUBSEQUENT ANALYSES 

·::::r''_..,,__ , _  :,·" ·? -� 

Al't i t ude Number 
Dev iation', o f  * 

N umber fee't Repor't s  Commen ts Based on Narratives 

( 1 )  7 , 000 1 • A ircraft stalled because o f  wing icing ; dropped
from 3 3 , 000 feet to 2 6 , 000 feet before recover ing'. 
( 1 1 39 5 )  

( 2 )  10 , 000 2 • Fa ilure to meet crossing restr iction . due to crew 
complacency and misread ing o f  altimeters'. ( 10088 )  

f-' ( 3 )  10, 000 
.i:--

• Fa ilure to meet crossing restriction due to mis­
understood clearance'. ( 10 9 1 6 )  

( 4 )  11 , 000 1 • Descended without au thor iza tion from 2 4 , 000 feet 
to 13 , 000 feet ;  radio communication with ATC, 
which had detected deviation', was d isrupted'. 
( 11 0 4 6 )  

( 5 )  13 , 000  1 • Descended witho ut authoriza t ion from 35 , 000  feet 
to 2 2 , 000  feet a fter cancelling IFR in an area 
restricted to IFR tra ff i c . ( 10 9 9 1 )  

( 6 )  16 , 500  1 • Military a ircraft lost its heater during refuel ing 
and descended f rom 2 6 , 000  feet to 9 , 500  feet wi th­
out clearance . ( 1 4 31 2 )  

To'tal 6 

* Numbers in parentheses indicate ASRS accession numbers'. 



Exponential d istribution of the altitude deviations'. - The lower por­

tion of Figure 4 is a histogram of the 502 altitude deviations that range 

from 100 to 6000 ft . The histogram shows sharp peaks at integer multiples of 

1000 ft . Secondary peaks are shown at 500, 1500, and 2500 ft . The smooth 

curve fitted to the data represents an exponential distribution with a mean 

altitude deviation o f  1080 ft . 

The fitted exponential distribution provides estimates of the expected 

number of reports at each altitude deviation'. With this interpretation, more 

reports than expected are shown at multiples of 1000 ft, and fewer reports 

than expected are shown at most deviations measured in hundreds of feet . 

These discrepancies are not due to rounding. This finding is  discussed in 

more detail later in this section and in Appendix A to this report . 

The upper portion of Figure 4 shows a linearizing transformation for the 

cumulative form of the fitted exponential distribution'. The data points are 

grouped into relatively disconnected sets corresponding to the 1000-ft inter­

vals'. The sharp discontinuities at the 1000-ft intervals reflect the concen­

trations of data at these points'. If the data were perfectly exponentially 

distributed, the data points would fall exactly on the fitted straight line 

shown in the figure'. This is shown in the mathematical derivations in Appen­

dix C .  To the extent permitted by the discontinuities at the 1000-ft inter­

vals, the fitted straight line provides a good fit to the data'. It is con­

cluded that the set of 502 altitude deviations is well-approximated by an 

exponential distribution'. 

Ana lysis of Subgroups 

To obtain a more detailed understanding of the database it was repeat­

ed ly partitioned into s ubgroups, separately analyzed, and compared. Atten­

tion focused o n  determining whether ( 1) the means of the subpopulation dis­

tr i butions were similar, and (2 ) the ind ividual subgroups were exponentially 

distributed, like the overall population. 

The population was partitioned into the following su b­
groups': 
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• Failures-to-level versus failures-to-maintain versus 
failures-to-attain versus unclassifiable flight pat­
terns. 

• Pilot versus controller versus pilot and controller 
reports. 

• Military aircraft involvement versus no military air­
craft involvement. 

• Conflict, evasive action taken or no time v ersus con­
flict, no known evasive action taken v ersus no con­
flict requiring evasive action. 

Exponential distributions fitted to subgroups. - Figure 5 shows plo ts 

of linearized cumulative exponential distributions fitted to 12 of the sub­

groups associated with the various partitionings. If the altitude devia­

tions for each subgroup had a perfect exponential distribution, the data 

for each subgroup would lie along a straight line passing through the ori­

gin. Except for the perturbations due to the concentrations of the data at 

1000 ft intervals, it is s een that the fitted straight lines well represent 

the data in each of the subgroups. Thes e plots show that exponential dis­

tributions provide excellent descriptions of the altitude deviations for 

each subg roup'. 

As shown in Appendix C, one estimate of the mean altitude deviation 

for each subgroup is given by the reciprocal of the slope of the fitted 

regression line that is constrained to pass through the origin. The numer­

ical values of these estimated means are shown in Table 3, and discuss ed 

later in this section. 

Becaus e of the markedly different types of groups repres ented by thes e 

plots, it is concluded that the exponential distribution provides a 

"robust" representat ion of altitude deviations. Many meaningful subgroups 

o f  the origina l data, including partitionings not reported here, such as 

low versus high  altitude,  and integer multiples of 1000 ft v ersus 

noninteger multiples of 1000 ft, were found to be well represented by 

exponential d istributions. 
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Means of subgroup distributions. - Table 3 shows the mean values of 

the fitted exponential distributions for the various subgroups, with the 

corresponding 95 percent confidence intervals for these means. These 

values are rounded to the nearest 10 ft. The table shows, for example, 

that 25'1 reports involve failures-to-level. The mean altitude deviation 

for this group is approximately 770 ft. With a confidence of 95 percent, 

the true mean for failures-to-level lies between 680 and 8 70 ft. The mean 

values for flight pattern subgroups range between 770 ft ( failures-to­

level), to 1960 ft (failures-to-attain). Appendix B discusses these find­

ings for flight pattern subgroups in detail. 

Figure 6 shows graphical representations of the mean altitude devia­

tions and associated 95 percent confidence intervals for the subgroups 

identified in Table 3. A rough graphical test for the statistical 

equivalence among the means is obtained by noting whether or not the confi­

dence limits share common values. For example , a horizontal line can 

intersect the vertical bars for the failures-to-maintain and the failures­

to-attain. Based on this test, it is concluded that the mean altitude 

devia t ions for these two subgroups do not differ statistically. In con­

trast, no horizontal line can intersect the vertical bars associated with 

the failure-to- level and failure-to-maintain subgroups. Consequent ly, 

these means are judged to di ffer by a statistically significant amount. 

This examination shows that the mean of  the failure-to-level subgroup is 

statistical ly smaller than the means of both the failure-to-maintain and 

fai lure-to-a ttain s ubgroups. 

Although Table 3 and Figure 6 show that the 95 percent confidence 

intervals for the pilot and controller reports overlap by a small amount', 

the more exact statistical tests given in Appendix C show that these mean 

altitude deviations differ statistically at the 5 percent level of signifi­

cance'. Thus, the data indicate that the mean altitude deviation reported 

by pilots is statistically sma ller than that reported by controllers ; the 

d i f ference is not attributed to chance. 

Both the graphical and numerical tests indicate that no statistical 

signi ficance can be assigned to the di fference between the mean altitude 
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Alti ude Deviation . feet 

Subgroup 
Numb er 

of Reports ( a)Mean 
95 Percent 

(b)Confidence Interval 

Partitioned by  Flight Pattern 

Failure- to-Level 
Failure- to-Maintain 
Failure- to-Attain 
Unclassifiable 

251 
97
32 

122  

I 770 
1240 
1960  
12 30 

( 6 80, 870 )
( 1000, 1500)  
( 1340, 2 690 )
(1020, 1450) 

TABLE 3 . :MEAN ALTITUDE DEVIAT IONS OF SUBGROUPS 

Partitioned by Reporter 
---·· . - -- .. 

Pilot  2 9 7  970 ( 8_70, 10 9 0)
C ontroller  19 0  1250  (1080 , 144 0 ) 
Pilot and Controller 15 1030 ( 560 , 1590)  

·---

Partitioned by  Military A ircraft Involvement 

No Involvement 4 3 7  1080 ( 980', 1190) 
Involv ement 6 5  1120 ( 860, 1460)  

Partitioned  by  Con flict/Evas ive Response 

Evasive Action o r  
N o  Time 111  1200  ( 980, 1420 ) 

No Known Ac tion 
Taken 6 3  1160  ( 880 , 1470 ) 

No  Conflict 32 8 990 ( 880 , 1100) 

Combined Data Set 

502 1080 ( 9 80 ,  1180 ) 
. 

(a) Mean va lues are estimated using the recipro cals o f  the slopes of the 
regres s ion l ines f itted to th e l inear ized cumulative exponential distri­
b uti on and con strained to pass thro ugh the origin (See Appendix C ) .  

(b ) Thes e  conf idence  interv als are based on a large sample approximation 
to the Chi Sq uare distrib ution (See  Appendix C ) '. 
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deviations associated with the involvement, or noninvolvement', of m ilitary 

aircraft in the deviation incident. The calculations given in Appendix C 

indicate that the mean altitude deviations for reports involving evasive 

actions show borderline difference from those where no conflicts among air­

craft were reported. 

Concentrations of Computed Deviations At 
Multiples of 1,000 Feet 

Altitude assignments are usually given in multiples of 1000 or 2000 

ft. These are termed cardinal altitudes. By contrast, the flight alti­

tudes of aircraft can be reported in units of 100 ft', and they often are in 

ASRS narratives. Altitude deviations are computed as the difference 

between a f light altitude and an assigned altitude, resulting in a measure 

expressed in units of 100 ft. 

As noted earl ier, the data show marked concentrations at values that 

are multip les of 1000 ft (cardinal values ) .  This is illustrated in the 

histogram in Figure 4. It is an unanticipated finding'. To determine the 

reasons for these concentrations at cardina l altitudes, incident reports 

with cardinal valued deviations were reviewed with four alternative expla­

nations in mind : ( 1) the reporter rounded the actual f light altitude to the 

nearest cardinal altitude causing a cardinal valued deviation to be com­

puted, ( 2) the aircraft was flying level at an unassigned cardinal alti­

tude, ( 3) the aircraf t came in conflict with another aircraft at a cardinal 

altitude (repor ted as the deviating aircraft's flight altitude), or (4) the 

aircraft re ported leaving from or arriving at an unassigned cardinal alti­

tude to a controller who then recognized the deviation. 

The review of  i ncidents with cardinal valued deviations reveals the 

fol lowing. Two hundred of 502 incidents have cardinal valued deviations. 

Assuming that the underlying distribution is exponential, only 30 cardinal 

observations wou ld be expected. Twenty-six of the incidents have language 

suggesting the reporter rounded the flight altitude to a cardinal value. 

Eighty-eight incidents involve aircraft flying level at unassigned alti­

tudes. In 25 inci dents , cases the deviating aircra ft came into conf lict 
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with ano ther aircraft a t  the second aircraft ' s  assigned cardinal altitude. 

In two cases, the pilo t reported leaving from, or arriving at, an 

unassigned altitude. Fifty-nine cases were unexplained. 

Thus, the ma jority of the cardinal valued deviations reported result 

from aircraft flying level a t  unassigned cardinal altitudes or coming into 

conflict with other aircraf t  at unassigned cardinal altitudes. Less than 

20 percent of the observa tions are clearly a ttributable to the rounding o f  

flight altitudes t o  t he nearest 1 0 00-ft cardinal altitude by the report. 

Some Noncorrelations 

A number of sca t terplo ts were generated in order t o  determine whe ther 

cert a in variables are correlated with the magnitudes of altitude devia­

tions. For example , for each aircraft the magnitude of the altitude devia­

tion was plo tted against the assigned a ltit ude. This was done t o  de termine 

whe ther  large altitude devia tions tend to occur at high alt itudes , with 

small devia tions occurring at low altitudes. No  correlation is f ound ; the 

R-squared value is 0. 005. [A perfect correlation would be re presented by 

an R-squared value of 1. 0 o n  a scale of O to l.t] 

A scatterplot  was als o generated for the evasive action reports. 

Here, the report ed horizontal and vertical miss distances were first con­

verted to a single line-of-sight miss distance. This distance was then 

plo tted against the magnitude of the a l tit ude devia tion to determine 

whe the r,  for example , small miss distances might  t end to occur when alti­

tude devia tions were large. Again, no corre la tion is found. The R-squared 

value is 0. 007. 

DISCUSSION 

Figures 2 and 4 show that the magni tudes o f  reported altitude devia­

t ions a re we ll rep resented by exponential dist ributions, even o ver dif­

f erent subgroups defined by flight pattern, by reporter, and by conflict 

incidents involving different kinds of evasive action. It was no t an tici­

pated tha t any single distribu t i on would provide such an excellen t fit t o  
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the data. The mix of flight patterns , the lower-bound interpretation o f  

the computed altitude deviation, the possible nonreporting of smal l devia­

tions, and the uncertain effects of rounding all contribute to the expecta­

tion that considerable "scatter" and "noise" would obscure the data 

interpretation. Because this did no t happen, several questions arise . Why 

are reported altitude deviations exponentially distributed? Are there pro­

perties of such altitude deviations that would necessarily yield exponen­

tial distributions ?  Are there unifying reasons why the various subgroups 

yield distributions of identical form ? 

In the discussion that follows, arguments are given to support an 

interpretation of  altitude deviations in terms of time. To do this, note 

that, at a constant rate of climb or descent, the magnitude of an altitude 

deviation is di rectly propor tional to the time that it remains undetected 

after its inception point'. Less precisely, on the average, large altitude 

deviations exist a long t ime before detection. This idea is developed in 

more detail in the following paragraphs. The resulting arguments are 

intended to explain the exponentia l form of the distribution of altitude 

dev iations, and to  suggest that similar resul ts may also hold for certain 

other types of aviation safety related occurrences. 

To the extent that the observed distributions represent times-to­

detect', they are best understood as the times for humans to detect devia­

tions. The standard mechanical contro ls on altitude deviations, autopilots 

and al titude alert mechanisms , will generally restrain deviations to 300 ft 

or less. The preponderance of observations in the database exceed that 

figure. They represent a class of  control anomalies where mechanical con-

trol devices failed , were overridden , or otherwise proved ineffective. It 

was the human controllers -- pilots , crews, and air traffic controllers 

who detected the problem. 

The Exponential Distribution 

The exponential distribution has many applications in physics and 

re liability engineering. In engineering, it is frequent ly used to describe 

various time intervals such as time-to-failure o r  mean-time-between-
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failures'. In short, exponential distributions frequently arise in problems 

whe re time intervals are random variables. The exponential distribution is 

one of the few continuous distributions that has only one parameter. This 

parame ter can be interpreted as the mean, or as the standard deviation, of 

the distribution. Because the distribution has only one parameter, it is 

not particularly flexible in fitting data. For this reason, together with 

those cited earlier, the exponential distribution was not expected to fit 

the distr ibution of altitude deviations. 

At Constant Rates of Climb and Descent, The 
Times to Detect Altitude Deviations 

Are Exponentially Distributed 

In Appendix C it is shown that i f  the altitude deviation, 6h, is 

exponentially distributed, and if 6h is divided by a constant reference 
0 

rate of climb or descent, h, then the result, 6h/h, will a lso be exponen-

tia lly distributed. The ratio 6h/h has units of time, and is directly 

interpretable as the time required to climb or descend a vertical distance, 

6h, starting at time 0, with a constant rate of climb or descent equal to 
0 0 

h. If the a ltitude deviation is undetected at time O, then t= 6h/h also 

represents the inc remental time taken to detect the existence of the al ti­

tude deviation. 

Note that the computed altitude deviations generally represent lower 

bounds to the max imum altitude excursions. Approximately 65  percent of the 

reports yield lower-bound estimates. For a study of the times to detect 

altitude deviations, a lower-bound estimate resulting f rom the use of the 

detection  po int as the fligh t altitude reference provides nearly the da ta 

desired. It re presents the time required to detect the deviation a fter its 

emerge nce. The alti tude deviation assoc iated with the maximum excursion, 

when div ided by h ,  yields an estimate of the detection time plus the addi-

tional  time req uired to halt the excursion after detection. The p referred 

measure f o r  detection time is the altitude deviation measured as the 

d i f fe rence be tween the de tection altitude and the inception altitude. How­

ever, this d if ference could not be inferred from most ASRS narratives. 
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Some Numerical Interpretations 

The mean altitude deviation for the 502 reports is approximately 1080 

f t. Based on a reference rate of climb or descent of 1 500 ft/min , typical 

for a ltitudls approximating 10 , 000 ft , it follows that the corre sponding 

mean time to detection is approximately 43 seconds. At altitudes around 

1 5 ,000 ft , with a reference rate of 600 ft/min for ascent and 3000 ft/min 

for descent , the resulting mean times to detection are computed to be 108 

seconds and 2 2  seconds', respectively. 

The reference c limb and descent rates used in this analysis are 

believed to be broadly representative of the range of values encountered in 

the aviation environment. However', the correspondence between the arbi­

trarily chosen reference values and empirical average rates is unknown. 

Thus', the calculated average times-to-detect should be regarded as illus­

trative', with different reference values giving rise to diffe.rent detection 

times', as indicated by the examples'. 

Symmetrical distributions have cumulative probabilities that are 50 

percent below and 50 percent above the mean value of the distribution. In 

contrast ,  the ex ponentia l distribution is unsymmetric and has approximately 

63  percent o f  its probabi lity belo� and 37 percent above the mean value . 

For this reason', the mean value of the exponential distribution is some­

times replaced by a measure called the "hal f-life". The half-life 

represents that va lue for which the probabilities are divided with 5 0  pe r­

cent be low and 50  perce nt above the half- li fe value. The half-li fe for the 

exponential distribution is given by', ln 2 ,  or 0. 69 , , where', is the mean 

of the distribut ion. Thus', the hal f- life for the exponential distribution 

is approximately 70 percent o f  the mean value. 

A mean alti tude deviation of 1080 ft and a reference rate of change of 

altitude of 1 500 ft/min yields 4 3  ln 2 or approximately 30 seconds for the 

hal f- life. That is , for the set o f  502 reports , 50 percent of the devia­

t ion would be detected before the elapse o f  30 seconds and 50 pe rcent would 

be detected after the e laps e  o f  30 seconds , provided the reference rate for 

change o f  a ltitude is assumed to be 1 500 ft/min. 
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If  it is further assumed that t he distribution of 5 02 altitude devia­

tions is representative of all altitude deviations, an ac tual altitude 

deviation that o ccurs in the future can be treited as a random drawing from 

this population of 502 deviations. On this basis, an alti tude deviation 

that occurs in the future, at a reference rate of 1 500 ft/min, can be 

predic t ed to have a half-life of 30  seconds ; that is, there is a 50 percent 

probability that the altitude deviation will be detected within 30 seconds. 

If the reference rates are taken to be 3000  ft/min and 600 ft/min, then the 

corresponding half-lives are found to be 1 5  seconds and 7 5  seconds, respec­

tively. 

Mathematical Assumptions That Yield Exponentially 
Distributed Detection Times 

Suppose, for example, an altitude deviation is undetected at time O ,  

and the probability it is still undetec ted at a subsequent time t/tT is 

expressed as Q = 1 - ( t / T) ,  with t denoting the mean time to detection . 

Under these familiar and frequently occurring assumptions, the exponential 

distribution necessarily follows. The result holds even if the expression 

Q 1 - (t/ T) is true only in an approximate sense (to within higher powers 

of t / tT) .  This argument supports exponential distribut i ons of detection 

t imes and is compe lling partly because of the simplicity of the underlying 

assumptions. A more detailed mathematical derivation is given in Appendix 

C. 

Possible Generalizations to Other Aviation Safety Problems 

It is possible to regard some of the operational activities of bo th 

pilots and con trollers as involving sequences of timely detection and 

correc tion of problems . Some of these problems come into existence but 

rema in undetected until some later time. If the problem remains undetected 

for a small time t /T , and if the probability of nondetec tion can be 

exp ressed as Q = 1 - ( t/T ) , then the detection times will be exponentially 

distribu ted. This is a reasonable assumption for those problems that come 

int o  exis tence and persist until detec tion as a result of random surveil-
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lance . Such problems would li kely include heading errors , communication 

errors, chart-reading errors, crew misunderstandings, etct. 

Some Statistical Caveats 

It should be noted that the graphical procedure used in Figure 3 is an 

unsophisticated test of statistical significance. Although the statistical 

tests in Appendix C are more refined, there is considerable uncertainty 

regarding the best way to estimate the mean values of the approximating 

exponential distribut ions. 

The computed arithmetic  mean obtained directly from the data does not 

provide a suitable estimate of the mean of the best approximating exponen­

tial distribution . Better estimates are obtained by linearizing the cumu­

lative plots and then fitting regression lines that are ·constra ined to pass 

through the origin. The mean is then given by the rec iprocal of the slope 

of the f itted line. 

In the present application, analytical methods for fitting exponential 

distribntions presuppose that relatively large amounts of data would lie in 

the interval between O and 1 0 0  ft . Howev�r, deviations of this amount are 

not reported. Thus, the a ctual data is severely truncated at less than 1 00 

ft , and may well be partially truncated over a range of seyeral hundred 

feet . 

The problem of trunca tion must be considered a long with the fact that 

the data a re concentrated at integer multiples of 1000 ft with some round­

ing .  These problems complicate the estimation of the mean altitude devia­

tion for any subgroup. Although the slopes and corresponding mean values 

are uncertain, the stra ight lines f itted to the data leave little doubt 

that exponential distributions describe the altitude deviations for each 

subgroup. 
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CONCLUSIONS 

The conclusions resulting from this study are: 

• Deviations from ATC assigned altitudes are equally 
likely to be above or below the assigned altitude'. 

• No correlation exists between the magnitude of an alti­
tude deviation and the assigned altitude'. (Large devi­
ations are not associated with high altitudes .') 

• Except for 6 reported deviations in excess of 6000 ft, 
altitude deviations are found to  be approximately 
exponentially distributed with a mean of 1080 ft . 

• The a ltitude deviations show concentrations at integer
mult iples of  1000 ft. Less than 20 percent of this 
concent ration is attributed to rounding . About 80 per­
cent is attributed to deviat ing aircraft flying level 
at unassigned altitudes or coming into conflict with 
other aircraft at altitudes to which the deviating air­
craft are not assigned'. 

• Evasive actions are involved in 111  reports. The 
evasive actions generally occur as a result of altitude 
deviations ; not conversely. 

• For evasive action reports with miss distances, no  
correlation is found between the magnitude o f  the miss 
distance and the magnitude o f  the a ltitude de viations. 

• Altitude de viations are exponentially distributed for 
various subgroups of the data . The subgroups include 
pilot repor ts, contro ller reports, incidents involving 
military airc ra ft, incidents involving evasive actions, 
and incidents where the pilot failed to level, failed 
to maintain, or failed to attain the assigned altitude'. 

The authors conclude that the exponential form of the distribution of 

alt i tude deviations can be supported, and possibly inferred direct ly, by 

interpret ing the results for altitude deviations in a time domain . With 

this inte rpretation, the exponential distribution represents the d istribu­

tion  o f  times to detect altitude deviations, under the assumption that the 

rate o f  c li mb or descent is approxima te ly constant'. With 50 perce nt proba­

bil ity, the t imes to detect an alt itude deviat ion are computed to vary 

between 1 5  and 75 seconds fo r re ference rates o f  descent or climb of 3000 

and 600 ft/min, respectively. At a refe rence rate of 1500 ft/min, the mean 

time to detect an altitude deviation is 4 3  seconds. This means that the 
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probability is approximately 6 3 percent that a given a ltitude deviation 

will be detected within 43 seconds ; the half-life of an alt i tude deviation 

at this rate is computed to be 30 seconds. 

It is believed that these detec t ion times should be interpre ted as 

times for human detection. Altitude alerts , autopilots , and other altitude 

warning and controlling devices a re generally inopera t ive , overridden, �r 

otherwise fa iled in their  contr o l  funct ion for most of the a lt itude devia­

tions in the database. 

The conclusions involving detect ion times are not based on reported or 

measured de tection t imes. Instead, the conclusions are derived from a 

reinterpretation of  the observed exponential d istributions based on infor­

mat ion contained in ASRS reports. The f inding that alt itude deviations are 

exponentially dist ributed is not readily explainable in the spatial domain. 

By contrast , a detect i on time interpretation yields s imple , wel l-known 

explanat ions'. Moreover , several related areas of inquiry are suggested . 

Are the magnitudes of the detecti on times excessive? If  so , does th is 

reflect over reliance on mechanical control devices ? What can be done to 

reduce the detection t imes ? Is the detection time for an altitude devia­

tion comparable to  the half-l ife o f  a "typical distraction" ? 

The general argument  for exponent ially distributed detection t imes may 

be applicable t o  a var iety of o ther aviation safety problems. Candidate 

problems include those that come into existence and persist unt il subse­

quent detection. On th is basis, exponential distribu t ions ,  each with i ts 

own half-life , may describe the d istribution of times to detec t heading 

errors , communication errors , etc. 

This study shows that detection times are well-character i zed by 

exponentia l distributions in widely d iffering contexts involving altitude 

devia tions. The inherent stability of this result suggests that the con-

cept of detec tion  time may provide a useful way of characteriz ing certain 

problems of aviation safety , and that focusing on the reduc t ion of detec­

tion times may improve aviation sa fe ty'. 
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Despite the nonrandomness of the ASRS database and a host of other 

statistical problems, this study also demonstrates the possibility of using 

ASRS data to obtain improved quantitative understanding of problems related 

to av iation safety . 
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were computed'. 

information 

APPENDIX A 

AN EXAMINATION OF THE CONCENTRATION 
OF ALTITUDE DEVIATIONS AT 

INTEGER MULTIPLES OF 1000 FEET 

INTRODUCTION 

The distribution of the 502 computed altitude deviations, grouped at 

1 00-ft intervals, is shown in the upper half of Figure A- 1 .  It shows la rge 

concentrations of deviations at integer multiples of 1000 feet. This does 

not appear to be a random phenomenon. Rather, it suggests the existence of  

an internal structure within the 1000-ft histogram bars shown in the lower 

half of Figure A- 1.'( a ) 

To understand the significance of the cardinal concentrations, it is 

useful to recall the manner i n  which the magnitudes of altitude deviations 

ASRS reports are free-form narratives. Reporters are not

explicitly asked to provide quantitative information describing the magnitude 

o f  an altitude deviation. Rather, they are asked to volunteer whatever 

they feel is important regarding whatever type of incident they 

are reporting . For altitude deviations_, reporters usually provide the 

assigned altitude of the deviating aircraft and its flight altitude at some 

point during the excursion -- frequently not the maximum excursion point. 

Using these data it is possible to calculate a lower  bound measure of the 

magnitude o f  the altitude deviation'. It is shown that the type of flight 

altitude data provided by the narratives tends to promote the calculation of 

card inal altitude deviations. 

(a)To simplify exposition, the term "deviation" is used to denote the abso­
lute value of the magnitude of an altitude deviation measured in feet, and 
the ad ject ive "cardinal" denotes a measure stated as an integer multiple of 
1 000  feet, as in cardinal value or ca rdinal observation. 
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Magnitude o f  the Concentrations 

Before discussing the causes of the cardinal concentrations, it is 

desirable to quantify, in some reasonably precise fashion, the magnitude of 

the disparity between ('1) the observed number of cardinal observations, and 

(2) the statistically expected number of such observations. 

Statistically expected observations. - The calculation of  the statisti­

cally expected number of cardinal observations is based on the premise that 

the observed distribution is exponential. As the main text indicates, there 

is a sound basis for this premise and none of the statistical tests performed 

on the data serve to reject it. 

The population of  502 cases can be approximated by a geometric distribu­

tion o f  the fo l lowing form : Ca) 

(O.'l) (0. 9)d- l, d = 1, 2, •'• • 

where d 1 for 100 feet', d = 2 for 200 feet, etc. 

As shown in the two parts of  Figure A- 1, the observed distribution is 

comprised of  60 100-ft intervals that can be aggregated into 6 1000-ft inter­

vals ; these 6 can then be superimposed. The resulting distribution groups 

deviations with the values 100, 1 100 ; 2 100, 3100, 4 100, and 5100, for exam-

ple, in one group ; 200, 2200 . . . , 5200 in anot her; and so on. The first 

group includes all reports with 1000, 2000, • • •  , 6000-ft deviations. It is 

easily calculated that approximately 5.9 percent of all reports would be 

expected to fall in the first (cardinal) group if the underlying distribution 

is geometric using 100-ft intervals'. The expected values for the other 

intervals can be calculated as well'. If the distribution is not geometric at 

this level o f  disaggregation, significant differences will exist between the 

expected and obse rved number of reports in two or more of the superimposed 

100-ft groups. 

(a)'This formula i s  an approximate geometr ic rep resentation, at 1 00-ft inter­
vals , o f  an exponen tial distribution having a mean altitude deviation of  1000 
feet which is the approximate mean o f  the overa ll distribution. See Appendix
C for exact representation. 

' 
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Observed versus expected numbers of reports. - The expected number o f  

report s in each o f  the superimposed 100-ft intervals i s  shown in Table A- 1. 

Also presented are the observed number of reports in these intervals and the 

difference between expected and observed values. 

TABLE A- 1. OBSERVED VERSUS EXPECTED NUMBERS OR REPORTS 
IN SUPERIMPOSED 100-FT INTERVALS 

Difference 
Between 

Expected Expected Actual Observed 
100-Ft Percentage of Number of Number of and Expected

Interval Reports Repor ts'(a) Reports Numbers  

000 5.'9 30 200 +170 
100 1 5. 4  77  9 -67 
200 1 3. 8  69 23 -46 
300 12.4 62 29 - 33 
400 1 1. 2  56 43 - 13 
500 10. 1 5 1 77  +2 6 
600 9. 1 46 36 - 10 
700 8. 2 4 1  39 -2 
800 7. 4 3 7 26 - 1 1 
900 6. 6 33 20 - 1 3  

Total 100.'1 502 502 1 (b) 

(a )The expected number is  based on a population o f  502 observations and an 
assumed underlying geometric distribution of the form (0. 1) (0.9')d- l. 

(b')'cumulative rounding error'; corrected value would be zero. 

Table A- 1 ind icates that there are approximately 6 times more observa­

tions than expected at cardinal values and 5 1 percent more observations than 

expected at the 500-ft values. The overall pattern in the data i s  depicted 

in Figure A-2 showing the percent differentials for each class interval of 

100 feet . The interval distribution of observations  wi thin the 1000-ft h i s­

togram bars is a W-shaped structure that does not appear to be randomly gen­

erated'. 
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The W- shaped structure sugge s t s  that reporters may be rounding f light 

altitudes to either a value of  500 or 1000. But, there are a number o f  pos­

sible explana tions other than rounding for the repor t ed concentrations. 

These are discussed next. 

Candida te  Explanations 

Rounded. - A s  noted earlier, the concentrations of comput ed altitude 

devia tions at cardinal values may manifest  "rounding" on the part o f  the 

reporter. In this context, the t erm d enotes ( 1) recollecting the magnitude 

of the deviation at only the 500 or 1000-ft level o f  precision, or ( 2) a 

decision to report the deviation at  a level of  precision no greater than 500 

or 1000 feet even though a more precise value was known, or ( 3) an inability 

to report the magnitude of  the deviation with greater precision p erhaps 

becau se of the manner in which instruments were scanned during the deviation. 

This particular usage of the term "rounding" is  broader than generally 

used and does not imply an indifference to precis ion on the part of report­

ers. 

Substantive. - It may be that the observed cardinal concen trations do 

not result from rounding; rather, they may manifest some substantive mechan­

ism that either places a disproportionate  number o f  deviating aircraf t  a t  

cardinal altitudes or causes  them to be  detec t ed there. 

For example, the aircrew of  a nondeviating aircraft may d etect an excur­

sion as a deviating aircraft passes through its altitude. The natural refer­

ence point for the flight altitude of the d eviating aircraft is the assigned 

alt itude of the nondeviating aircraft. 

Many pilots follow this communications protocol : they radio arrival at , 

depar ture from, or approach to, their assigned altitude. If the pilot had a 

mi staken understand ing of his clearance, his mistake might be  detected by the 

contro l ler when the pilot reports leaving or approaching the cardinal alti­

tude. Stil l another possibility is that the deviating aircraf t was actually 

maintaining level  f light at an unassigned altitude perhaps becaus e  of  confu-
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sion regarding the altitude clearance. Such deviations would typically be 

detected at a cardinal altitude . 

The term "substantive" is used to describe this group of explanations 

because they are not mere artifacts of the reporting system. They are sub­

stantive events generally involving deviating aircraft that flew level at 

unassigned card inal altitudes. Such deviations increase the likelihood of 

midair collisions, and are therefore particularly serious occurrences. 

RESEARCH APPROACH 

Each of the 200 reports with cardinal deviations was re-examined in an 

attempt to establish the reasons for the large cardinal concentrations and 

for the W-shaped structure within the 1000- ft histogram bars. The analysis 

was performed with particular reference to the candidate explanations cited 

above. For most reports , an explanation for the deviation's cardinali ty was 

established. These findings are presented next. 

FIND INGS 

Findings from the review of cardinal deviation reports are shown in 

Table A- 2. Observations are classified in Table A-2 in terms of the candi­

date explanations. It can be seen that each of the candidate explanations 

has some merit. But, the single most important reason for the large number 

of cardinal observations was the maintenance of level flight by a deviating 

aircraft at a card inal fl ight altitude. ( In a few instances the deviation 

was detected just as the aircraft leveled off'.) 

Of the 200 cardinal deviations, 3 8  are unexplained in the sense that 

neither the narratives nor statistical inference could be used to account for 
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TABLE A-2 . REASONS FOR CARDINAL ALTITUDE DEVIATIONS 

Reason Reports 

Rounded 

- Used language which suggested round ing C a) 26  

Substantive 

- Reported flight altitude of deviating aircraft 
as assigned altitude of  a second conflicting 
aircraft 25 

- Flying level or leveling at an unassigned altitude 8 8  

- Pilot reported leaving from or arriving at an 
unassigned cardinal altitude to controller 2 

Unexplained'(b) 59 

Total 200 
Expected ( 29 . 6 ) 

(a)Terms used by the reporter, such as "about", " approximately", "near"', were 
interpreted as rounding terminology . 

(b ) some of the reports in this  category might have been classified as  " round­
ed" or "substantive" if the narrat ives had been more complete. 

their cardinality.'C a) This does not mean that these reports, which comprise 

19 percent o f  all cardinal observations, are necessarily different from the 

rest . This may be so, but an alternative explanation is they could have been 

placed in one of the other two categories (rounded , substantive) if the nar­

ratives had been more complete. 

(a)There a re 5 9  observations which are unexplained by the narrat ive . Of 
these , 21  were statistically expected to be cardinal . Thus, 38 are complete-
ly unaccounted for. 
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D ISCUSSION 

Rounding is a significant cause of the concentration of deviations at 

cardinal values (although it is not the most prominent reason ) .  Twenty-six 

of the cardinal values are clearly attributable to rounding . It is also pos­

sible that the W-shaped internal distribution of the 1000-ft histogram 

columns and the limited concentration of reports at the 500-ft marks are at 

least partially attributable to rounding . If this is true , deviations were 

r ounded to both the 500-ft and 1000-ft marks creating deficits in the remain­

ing 100-ft categories, thus explaining the W-shaped internal distribution 

within the 1000-ft histogram bars'. 

It is important that in 88 out of 200 reports , the deviating aircraft 

was flying level at an unassigned cardinal altitude . In some, the aircra ft 

failed to depart from a previously assigned altitude for a new one'. In oth­

e rs ,  the aircra ft levele d prematurely , or levele d at an altitude beyond the 

one to which it had been assigned .  This phenomenon is related to misset or 

misread altimeters, misunderstood altitude clearance', and to aircrews mistak­

ing other aircrafts' clearances for their own . 

In another 25 reports, the deviating aircraft came into conflict with a 

second nondeviating aircraft , and the size of the deviation was measure d as 

the dif ference between the assigne d altitudes of the two aircraft . 

Obviously, the substantive cardinal observations aircraft conflict 

re ports and those involving level , deviating aircraft at cardinal altitudes 

-- re present particularly hazardous altitude deviation incidents'. They con­

stitute a significant portion , 2 3  percent , of the total population of 502 

reports'. 

CONCLUSIONS 

Approximate ly 58 percent of the reported cardinal deviations are 

d ire c t ly attr i buted to airc raft flying level, or leveling at an unassigne d 

altitude', or flying through an altitude assigne d to another aircraft. 
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Approximately 1 3 percent of the reported cardinal dev iations are d irectly 

attributed to round ing. The remaining 29 percent are associated with reports 

tha t cannot be classified because of insufficient information. If  these 

reports are alloca ted in proportion to the reported occurrences , approxi­

mately 20 percent of  the cardinal deviations would be attr ibuted to rounding, 

and approximately 80 percent o f  the cardinal deviat ions would be attributed 

to aircraft flying at unassigned cardinal altitudes or flying through cardi­

nal altitudes assigned to other aircraft. 
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APPENDIX B 

ANALYSIS  OF ALTITUDE DEVIATIONS 
BY FL IGHT PATTERN 

INTRODUCTION 

To obtain a better understanding of the mechanics of altitude deviations 

and their underlying causes', the reported deviations were sorted into groups 

having similar flight pattern s before, during and after the commencement of 

altitude excursion. The resulting subpopulations were subjected to a series 

of analyses in a search for both differences and commonality among the 

groups. 

The main text describes the basic flight patterns and the manner in 

which they are coded. This  appendix expands upon that material. 

Many different flight patterns can be defined in terms of the 6 flight 

phase states. However, only 10 d istinct and complete flight patterns were 

actually observed in the data. Those flight pattern s are itemized in Table 

B- 1 .  Also indicated are the number of t imes each flight pattern was 

observed. In 128 reports', data describing the deviating aircraft'' s  flight 

pattern were pa rtially absent and they could not be categorized. 

Ex pected Differences Among Flight Pattern Groups 

The population of altitude deviation incidents was divided into subpopu­

lations because it was expected that there might be significant differences 

among the groups regarding : ( 1) the cause of the incident, (2) the probable 

magn itude of the deviations, ( 3 ) the manner in which the incident was 

resolved, or ( 4) the probable outcomes of the inc ident. A preliminary review 

of the data s up ported the pos sibility that there might be differences among 

the causes of the incidents based on flight pattern characteristics, and that 

s ignificant dif ferences in the other areas  might a l so exist. 
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TABLE B- 1. DISTRIBUTION OF REPORT s'(a) 
BY FLIGHT PATTERN 

-
Flight Patte rn 

Actual Expected Number Percent 

Failure-To-Level A/A, A/A A/TL, TL/L  135 26.9 
D/D, D/D D/TL, TL/L --116 --23.'1 

Subtotal 25 1 50. 0 

Failure-To-Maintain M/TA, M/TA L/L, L/L 31  6.'2 
M/TD, M/TD L/L, L/L --66 --13 . 1  

Subtotal 97  19. 3 

Failure-To-A t t ain L/L, L/L L/TD, TL/L 6 1. 2 
L/L, D/D L/TD, TL/L 5 1. 0 
* / *, D/D L/TD, TL/L 3 0. 6 
* I* , L/L L/TD, TL/L 1 0.'2 
L/L, *'" L/TD, TL/L 1 0. 2 
L/TD, D/D L/TD, TL/L 2 0 . 4 
D/TL, L/L D/D, TL/L 2 0. 4 
L/ L, L/L L/TA, TL/L 1 0.'2 
L/*, */* L/TA, TL/L 1 0.'2 
A/TL, L/L A/A, TL/L 5 1.0 
A/TL,'*/* A/A, TL/L 1 0.'2 
A/A, A/A A/TD, TL/L 1 0. 2 
D/TA, L /L  D/D, TL/L 2 0. 4 
*/A,'*/* */TD, TL/L 1 0.'2 

Subtotal 32 6.'4 

Unclassifiable'(b) - - - - 122 24.'3 

TOTAL 502 100. 0 

( a) Asterisks denote an unknown flight phase. 

(b) These repor'ts could not be classified into the three primary flight pat­
te rns for lack of da ta'. 
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The expected differences in causation were based on an intuitive 

appraisal of the 3 flight pattern groupings. Failures-to-level are passive 

events suggesting errors of omission. By contrast, failures-to-maintain 

would appear to be errors of commission at least for those situations where 

the aircraft made a controlled departure from the assigned altitude. 

Failures-to-attain might result from a failure to depart for an assigned 

altitude, premature leveling before reaching an assigned altitude, or ascent 

or descent at too shallow an angle. 

This study examines the f light pattern groups (failures-to-level , 

failures-to-maintain, and failures-to-attain) because there were too few 

observations for most individual flight patterns (e.g., there were only 5 

A/TL', L/L incidents). 

APPROACH 

This portion of the report addresses differences among flight pattern 

groups regarding: ( 1) the distributi on of the computed magnitudes of the 

deviations, and ( 2) the causes of the deviations. The distributional charac­

teris t ks of deviations in the various flight pattern groups were determined 

through the carefu l review and c u di 1�  � r  502 altitude deviation incidents. 

This methodology is explained in the main text. 

A rigorous analysis of the causes of altitude deviations for the 3 pri­

mary flight pattern groups was not undertaken. However , as each of the 502  

incidents was examined, some general impressions were formed and reinfo rced 

by extensive notetaking. These impressions may be regarded as hypotheses 

that may me'rit further study. 

FINDINGS 

Distributions 

Distributions of altitude deviations were developed for fa ilures-to­

level, failures -to-maintain, failures-to-atta in, and the unc lassifiable 

reports. The observed distributions are shown in Figure B- 1 .  The observed 
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distributions can be approximated by a fitted geometric distribution o f  the 

form: 

( 1l-Q)qd- , d = 0, 1, 2 ,  • • •  , 6 

where 

Q is the probability of not detecting the deviation in any
1000-f t interval 

d is the magnitude of the deviation expressed in thousands 
of fee t. 

The equations from the geome tric approximations of the observed distributions 

are shown in Table B-2. The significance of these distributions is discussed 

later. 

TABLE B- 2. FITTED GEOMETRIC APPROXIMATIONS TO OBSERVED 
ALTITUDE DEVIATION D I STRIBUTION S 

Flight Pattern Geometric Distribution 

Failures-to-Level (0. 7 3)'(0. 27)d- l 

Failures- to-Maintain (O. S S) (0. 45)d- l 

Failures-to-Attain (0. 40) (0. 60)d- l 

Unclassifiable (0. 56) (0. 44)d- l 

Weighted Combination Ca) (0. 60) ( 0.'40)d- l 

- -� --.. -� 

(a)weighted by the number o f  reports for each flight pattern. 

Causation 

Duri ng the i nvestigation', the author s noted the reported occurrence of 

errors o f  omis sion versus errors of commission in the data set. This con­

trast was rooted in the earl ier observation that failures-to-level and many 
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failures-to-attain involve constant flight patterns whereas failures- to­

maintain and some failures-to-attain are characterized by changing flight 

patterns. 

A second line of inquiry involved a documentation of the information 

flight crews reported knowing during altitude deviations. Did any of the 

crew know the as signed altitude ? Was someone aware of the aircraft ' s  alti-

tude ? Were the re communications difficulties ? Was information lost or 

degraded'? 

Altimeter scanning , altitude alert, automatic pilot. Many reporter s  

indicated that an altitude deviation resulted from their failures to scan the 

altimeter with sufficient frequency. Often distrac tion was cited as a fac­

tor in such occurrences'. Another reported factor was reliance on: ( 1) an 

altitude alert mechanism that malfunctioned or that was not heard or seen', or 

( 2) an automatic pilot that failed to capture or hold. These factors were 

frequently associated with failures-to-level. 

Information. Many respondents indicated that problems related to infor­

mation processing and retention were associated with the occurrence of an 

altitude deviation. These problems included: 

1. Mishearing a clearance 

2. Not hearing a clearance 

3. Mistaking another aircraft 's clearance for one ' s  own 

4. Misinterpreting a clearance 

5. Mistaking an "expect" clearance for an actual one* 

6. Misreading an altimeter 

7. M isreading a navigation chart. 

Information related problems were most frequently associated with failures-

to-maintain and failures-to-attain. The resu lts were aircraft departing 

*An "expect" clearance is one in which ATC tells a pilot that he can expect a 
c learance soon for a specified altitude. 

5 4  



their assigned altitudes without clearance, failing to leave altitudes for 

their assigned alt itude, or leveling prematurely at an incorrect altitude. 

Interestingly , the ma jority of reports coming from aircrews indica te 

that the reporte r or ano ther member of the flight crew knew the assigned 

altitude at some point before the deviation occurred. In some reports this 

information was said to have become degraded, forgotten, or not communicated 

to the flying pilot. In others the reporter indicated that the altimeter was 

not scanned with sufficient frequency to avert a deviation or the information 

was otherwise improperly applied. Note that a minority of reporters indi­

cated they did not receive or understand the altitude clearance that a con­

troller later indicated they had violated. 

Profile descents. - Profile descents and altitude restrictions were 

often associated with failure-to-attain incidents. Reporters often indicated 

that navigation descent charts were misread or improperly related to the 

position of the aircraft. In other situations, reporters said they forgot an 

altitude restriction entirely, or until it was too late to make the restric­

tion. 

DI SCUSSION 

Distributions of Altitude Deviations 
by Flight Pattern 

The general finding of this study is the fact that the exponential dis­

tribution (or its geometric analog') yields a good fit to the altitude devia-

tions with di fferent means for different subsets of the data. The differ-

ences be tween these mean values are examined below in terms of the time-to­

detect interpretation previously described. The examination is given for 

three flight pattern groups: failures-to-level , failures-to-maintain , and 

failures- to-at'tain. 

Rather than undermine the pr incipal study conclusions, observed differ­

ences among the fligh t pattern groups ampli fy and support them. Each of the 

three subpopulations has a distribution that is approximately geometric, as 
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can be observed in Figure B- 1, but with different parameters. The differ-

ences in the parameters among the flight pattern groups can be meaningfully 

interpreted in terms of the time-to-detect model that has been suggested for 

the overall dist ribution  o f  deviations. 

The key to understanding the distributions shown in Table B- 2 i s  

analysis of the parameter Q. For example, Q = 0. 27 for failures-to-level. 

This may be interpreted as follows: if a failure-to-level incident occurs, 

there is a 27 percent  possibility that the aircraft will deviate 1000 feet 

without the deviation's being detected ; if the deviation survives detection 

in the first 1000 feet, it has a 27 percent chance of surviving to 2000 feet 

without being detected, and so on.'C a) 

The distributions shown in Table B-2 are based on a distance measure. 

However , they can be translated into a time measure by dividing by a refer­

ence ascent/descent rate f or deviating aircraft. (When the aircraft inap­

propr iately mainta ined level flight , it is the typical ascent/descent rate 

for the aircraft that is of interest.) 

Based on the preceding discussion, the findings shown in Table B-2 are 

reinterpreted as detection times in Table B-3. The detection time estimates 

are very se nsitive to the assumed reference ascent/descent rates of  aircraft. 

Variat ions in e s t imated detection times f or the various flight patterns are 

discussed nex t. 

Failures-to-level. - These altitude deviations may be detected by the 

flying p ilot, nonflying crew, a controller, or by the aircrew of a second 

aircraft that comes into conflict with the deviating aircraft. Relatively 

few reports indicate that the altitude alert mechanism was the detection 

instrument. Such deviations are general ly small and may not be deemed w orth 

reporting. 

(a) conversely , the pro bability is 1-0. 2 7  = 0. 7 3  that the dev iation will be 
detected the first 1000 feet. 
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TABLE B-3. ALT ITUDE DEVIATION DETECTION T IMES, BY 
FLIGHT PATTER N AND REFERENCE ASCENT/ DESCENT RATE 

Reference Ascent/Descent Rate h
0
, feet/min ,

Flight Pattern 1 000  15UU 2000

Probability of an Undetected Incident Surv iving 
An Additional Minute Without Being Detected, P ,  percent'(a) 

Failure-to-
, _  

Level 27 14 7 

Failure-to-Maintain 45 30 20 

Failure-to-Atta in 60 47 36 

Unclassifiable 44 30 20 

Combined 40 25 16 

Half-Life of D ev1at. 1on . ,2 1 , seconds'(b) 

Failures-to-Level 32 2 1  16 

Failure-to-Xaintain 52 34 26 

Failure-To-Atta in 82 54 4 1  

Unclassifiable 5 1  34 26  

- - - ---
45 

. 

Combined 30 22  
' - -

(a)computed using P = exp (-h/
0 

h
-

)x l OO , where h denotes the mean altitude devia-
tion shown in Table 3. 

(b)computed using ,
- 0 1 

2 = (h/h)ln 2, where h is shown in Table 3. 

These reports may genera lly be regarded as those in which the primary 

mechanica l control devices, the a ltitude alert and the automatic pilot, did 

not perfo rm their usual role . Thus, the distribution re flects the speed  and 

ef f i c i ency wi t h  • 7hich  h��ans detected and exerted control over the altitude 

deviat ion problem. 
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It appears from the narratives that the flying pilot or other crew 

members often know the assigned altitude in failure-to-level incidents. 

Thus, the flying pilot as well as other human controllers may detect the 

deviation. Because o f  the large number of potential human detectors of a 

failure-to-level incident, the de tection times may be relatively rapid when 

compared with other flight patterns. 

In addition, the magnitude of failure-to-level deviations is generally 

unde rstated because the computed measure is taken to be the difference 

between the altitude at detection and the inception altitude of the devia­

t ion. Data regarding the inception altitude were generally unavailable. 

Thus, the emergence point was generally used to compute the magnitude of the 

deviation. If da ta describing the inception point were available, the aver­

age calculated deviation would be at leas t a few hundred feet larger . 

Failures-to-maintain. - These incidents often involve pilots who become 

convinced that  they are no longer a s signed to the altitude where they are 

flying. In these si tuations, the pilot effectively neutralizes the mechanica l  

constra ints on the devia tion the altitude alert mechanism and the 

automatic pilot. Moreover', he does not perform his usual role as the primary 

human detector of  alt'itude deviations. It may be for these reasons that 

failures-to-mainta in seem to persist for a longer time than failures-to­

level. 

Fa ilures-to-attain. The magnitude o f  the altitude deviation i s  

roughly proportional to the existence o f  the deviat ion over time for 

failures -to-attain (just as it  is for failures-to-level and failure s -to­

maintain). The time duration of the failure-to-attain incident is defined as 

the difference be tween the detection time and the inception time. However, 

the dis tance used to compute the deviat ion ' s  time to detect is the distance 

between the f light altitude at the time o f  detection and the a ssigned alti­

tude at the emergence point. T he mean altitude deviation is  con siderably 

larger for fa ilures-to-attain, than fo r failures-to-level and failures-to­

maintain. 
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Failures-to-attain generally involve missed crossing restrictions on 

profile descents often because of misread or misunderstood navigation charts. 

As with failures-to-maintain, the flying pilot may be unaware of the altitude 

deviation because he believes (because of the false reading of a chart or 

instrument) that he is at the correct altitude. Moreover , many of these 

incidents involve clearances provided only on the navigation cha rts or 

approach plates -- not verbally by the controller. The restriction may sim­

ply be forgotten. 

Altitude deviations associated with failures-to-level and failures-to­

maintain are usually detected by scanning an altimeter or a data block on a 

scope withou t  referring to the deviating aircraft ' s  horizontal posi t ion 

(i. e.t, it is known that an aircraft  should not be above or below a specified 

alt itude regardless of its horizontal position ) .  By contrast, the det ection 

of a failure-to-attain involves a correlation of an aircraf t 's altitude with 

its horiz ontal position. 

Further, it may be unclear to a cont roller or nonflying crew member that 

an altitude restriction has been forgotten because ascent/descent rates vary 

among aircraft and pilots. The point where ascent or descent should commence 

is correspondingly vague. It is possible for a nonflying pilot or controller 

not to  recognize this type of deviation �ntil it has persisted for a consid­

erable time. 

Taken togethert, these fact ors are believed to account for the relatively 

large mean alt itude devia tions obtained for the failure-to-attain flight pat­

tern. 

Unclassifiable. - These reports generally involve narratives that are 

too ske tchy to classify according to flight pattern. As such, this group is 

likely to be an amalgam of the other flight pattern g roups. The statistical 

characteristics of this  g roup would be expected to be intermediate to those 

of the other groups .  This is seen to  be the case for the results shown in 

Tab le B-3. 
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Causation 

As was noted earlier, the causes of altitude deviati on incidents were 

not analyzed in a rigorous fashion. Only general impressions are reported. 

On that basis the following assertions are madet: 

1 .  Mos t altitude deviati ons in the database involve a flight 
pattern where the flight path should have changed to 
accommodate an altitude assignment but did not. Thust, 
there is evidence of an error of omiss ion. The most fre­
quently cited reasons for these errors of omission are 
f� i ure to monitor the altimeter and excessive reliance 
on an altitude alert mechanism or automatic  pilot .  Dis­
traction is also said to play a role as well as difficul­
ti es related to informati on t ransfer , retention , or 
degradation. 

2. A minority of altitude deviations involve a changing 
flight pattern where the aircraft ' s  flight phase inap­
propriately changed r esulting in an alt itude deviati on.  
This suggests an error of commission. The most fre­
quently cited reasons for these occurrences are informa­
tion related.  These include misread ing altimeters, other 
instruments, or a navigation chart ; misunderstanding a 
clearance, and so on. A few of these cases do not 
involve errors of commission. Instead they manifest 
undetected departure, reliance on a malfunctioning 
automatic pilot, uncontrolled ascent/descent in weather, 
and assorted other occurrences. 

Although these f indings hold in a general sense, there are reports in 

the d a t abas e that do not fit these patterns. Thus , one must be careful to 

avoid  over generalizing these findings that are best regarded as hypotheses 

rathe r than firm conclusions. 

CONCLUSIONS 

The 805  a lti tude deviations examined in this study show a remarkable 

consistency. Attempts to subdivi de the population into meaningful subgroups 

served to unde rscore the commonalities shared by the subgroups. Most impor­

tantly, the altitude deviations of each flight pattern group are found to be 

we l l-represented by exponential d istributions. However, some limited d i ffer­

e nces were dete cted among flight pattern groups. Geometric distributi ons 
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could be constructed that closely approximated the observed distribution of 

deviations for each flight pattern but their half-lives differed. The 

differences in half-lives is amenable to explanation in terms of a t ime-to­

detect analytical framework. The differences among the mean altitude devia­

tions and corresponding half-lives are postulated to reflect variations in 

the number of human control agents involved in surveillance and the diffi­

culty of the surveillance task. It is believed that the ease with which the 

inception point of an altitude deviation can be identified varies among 

flight pattern groups and may be a particularly important determinant of 

detection speed. 

During the research effort some basic hypotheses were developed regard­

ing differences in the causes of altitude deviations among flight pattern 

groups. The following hypotheses merit further investigation: failures-to­

level result from low scan rates on instruments, distraction', and excessive 

reliance on autopilots and altitude alert mechanisms ; failures-to-maintain 

and failures-to-attain relate to information processing problems, including 

miscommunication, misreading of navigation charts, misreading of instruments, 

and forgetting ATC  assignments or crossing restrictions. 
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APPENDIX C 

MATHEMATICAL DERIVATIONS 

A MATHEMATICAL DERIVATION OF EXPONENTIALLY 
DISTRIBUTED DETECTION TIMES 

The f oll owing argument is intended to provide di rect support for  an 

exponen t ial distribution for detect ion t im es of alt itude deviations. Con­

sider a popula tion o f  alt i tude deviations. I t  is assumed that each d ev i ation 

is de tect ed a t  some t ime, and that the m e an t im e  to de tect a devia t i on is 

given by'T'. It  is conveni ent  to measure all t ime  intervals in uni ts o f  this 

mean t ime. Now suppose that at t ime O an alt i tude deviat ion exists for a 

par t icular ai rcraft, and consider the probabil i ty tha t  the deviation is s t ill 

unde tec ted a t  t ime t / T. Note tha t if t/ T is made suf ficien tly small, the 

dev ia t ion is not  likely to be de tected in this small t ime  in terval. A devia­

tion that is unde tected a t  the present time  is not  likely to be de tected in 

the n ex t  second'; it  is s till less l ikely to be detected in the nex t  m il­

lisecond', etc. This suggests that by making t/T suf f i ci ently small, the pro­

bab il i ty that the deviation is still un� e tect ed can be made arbi trarily close 

t o  1. 0. A simple representation of this probabil i ty takes the following 

form : Q = 1-(t/ T). This expression clearly shows tha t the probabili ty that 

the d eviat ion is not de tected is arbi trarily close t o  1 as t/T is mad e arbi­

trarily small. 

Next suppose that the alt itude deviation, in fact, has not been de tected 

at  a speci f ic t ime t/ T ,  and suppose that the t ime  int erval t / T  is subdivided 

int o  n equal subin tervals. Because the d evia t i on is not  detected a t  t ime  

t/T:', i t  canno t have been de tected during any of the'n earlier t ime  int ervals, 

each of wh ich has a durat ion o f  (�) (-) .  In probabili ty terms this means 
n t 1

that Q can a lso be wri t ten as a product: Q = ( 1- -. - )n. This expression 
n T 

simply indica tes that the deviation was not  de tect ed in any of the n time  
t 1 

in tervals, each of  length'(-n ) (-). Finally, by le t t ing n become arbitrarily T 
large', i t is found that  Q = e- t/T. From this resul t, i t  follows that P = 1-Q 

1- e-t/T, and this expression represen ts the probabili ty that  the devia t ion 
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is de tected in the interval (O,t / r). The probability that the deviation is 

detected in some infinitesimal time interval is then given by dP = 

('1/ r)e-t/'Tdt. This form is the customary mathematical expression for an 

exponential distribution with mean' ,. 

LINEARIZED FORM FOR EXPONENTIALLY 
DISTRIBUTED ALTITUDE DEVIATIONS 

The exponential distribution for an altitude deviation Llh may be written 

a s  follows: 

>
f ( & ) = ( 1/ o) exp (- Llh/ o), Llh - O, (C-1) 

where the parameter o denotes the mean altitude deviation for the distribu-

t ion'. The integration of  Equation ( C- 1) to the left of l.lh shows that the 

area in the left tail of the exponential distribution is given by F (Llh) 

1-exp (- l.lh/ o ) , where F ( l.lh) represents the cumulative distribution function. By 

solving for exp (- l.lh/ 6) and taking logarithms, it follows that 

ln ( ( hY = ( 1/ 6 ) Llh. ( C-2 )
l-F'Ll

This exp ression shows that if the left side is plotted against Llh ,  the result 

is a straight line through the origin with a slope equal to 1/6. 

The cumulated fraction of the altitude deviations less than Llh serves as 

an estimate of F ( Dh). If these estimates are substituted into the left side 

of Equa tion (C- 2) and plotted versus Llh, then the resulting points will fall 

approximately on a straight .line with a theoretical slope given by 1 / 6 ,  pro­

vided the data are represented by an exponential distribution. The slope 6 

can be estimated by fitt ing the data with a regression line through the ori­

gin. The reciprocal of the slope of the reg ression line then provides a 

numerical estimate of the mean altitude deviation. 
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Detec tion Times Propor tional to Altitude Devia tions 
are Exponen tially Dis t ributed 

Let altitude devia tions 6h be exponentially d istributed with mean o. 

Then the probability that an altitude devia t ion i s  less than 6h is given by 

f ( 6h) = 1-exp (- 6h/ o). Now suppose that the detec tion time for an altitude 

deviation is given by 6h/� , where'� deno tes a constant ra te of change of 

al ti tude for the aircraft. Consider the probability that the detec tion time 

is less than some number k. This may be wri t ten as P { t� k}. By substitution 

it follows that 

P { t-
< k}  = P {  &l/h-

o o o 
< k}  = P {  &-< kh } = F'( kh). 

The right-mos t expression is seen to be the cumulative distribution func tion 

evaluated at kh, 
0 

so that F (kh
0 
) = l-exp (-kh/

0
6 ). This resul t may be re-

arranged to obtain 

= 1-exp (-k/ ( 6/h
0 
)), 

and i t  is seen from the form of this expression that the detec tion time t is 

exponentially distribu ted with a mean de tection time given by cS/h
0 
. The cumu-

lative distribu tion func tion can then be writ ten as follows: 

( C-3 )  

where T denotes the mean time to detection and is given by T= o/h. 
0 

Half-Lives for Exponentially
Distributed Altitude Deviat ions 

The half-life t 1/ 2 of an altitude deviation is ob tained f rom Equation 

(C- 3) by setting FT (t)  = 1/2 and solving the resulting expression for't. The 

solution is found to be: 

t l / 2  = T ln 2 .  

Thus, the half-life of an exponentially distributed alt i tude dev iation is 

given by T ln 2, and is approximately 70 percent o f  the mean time to detec tion 

for the d is t r ibution. In terms of the mean altitude deviation t and a con-

stan t rate of change of alt i t• ude h
0

, the half-life is g iven by 

t l / 2 = ( 6/h) ln 2 .  
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Confidence Int ervals for Means of  
Expo nentially Dis tribut ed Al t i tude Deviations 

Let T denote an estima te, based on f measurements, of the mean t ime T of 

an exponential di stribution. I t  may b e  shown that  the ratio T /T i s  di s tri­

buted a s  a x'2 d eviate wi th 2ef d egrees of fre ed om.'Cel ) It follows  that 

P {x'20.0 25 / 2f < ;/T < x'2e0.'9 75 / 2ef} = o. 95, 

whe re x'2 deno tes  the fract ile of the x 2 d i s tr ibu t i on having the fractional 
p

area p to i ts  lef t. The preceding expre s s i on may be  rearranged t o  provide a 

9 5 percent confidence inte rval for T': 

where F i  and F2 d enote x2e0.0 25 / 2f and x 20.'97 5/ 2ef, respect ively. 

The es tima tes  for T'are obtained by u s ing the  reciprocals of the slope s 

of the regres sion lines, cons trained to  pa s s  through the origin, that are 

fitted to  the various partitionings of  the 5 0 2  al t itude d eviations. The fac­

tors Fi and F2 are ob tained using the following large- sample approxima­

tions : 'C'2e) 

where p = 0.0 25 and 0. 975 for F i  and F 2, and up d eno tes  the fractile of the 

Norma l d i s t ribution wi th a fractional a rea p t o  i ts left. 

Table C- 1 show s a li s t ing o f  the factors  F i  and F 2 for the various par­

titionings of the set  of 5 02 alti tude dev i a t i on s. The lower and upper 9 5 

percent confidence limits  for the means shown in column 3 are obtained by 

div id ing the means by F z  and F 1, respect ively. The resul t s  are shown in 

Table  3. 

Statis tical Te sts  of Sign i f icance 
Among Mean Al titude Deviations 

Table C-2 shows numerical result s for t e s t ing the s tat istical s ignifi­

cance of the differences among the mean alti tude d evia tions fo r the subgroups 

a s s ocia t ed wi th  the parti t ionings of the 50 2 a l t i tude d eviations . The mean 
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TABLE C- 1 .  CONFIDENCE LIMIT FACTORS 

,. .. -
Mean Confidence 

Altitude Limit Factors 
Partitioning f Deviation', ft F 1 F2 

Failure-to-Level 2 5 1  773 0. 8 8  1 . 13 
Failure-to-Maintain 97 1237 0. 8 1  1 . 21  
Failure-to-Attain 32 1964 0.68 1.37 

. Unclassifiable 122 1225  0. 83 1 . 1 8 

Pilot Reports 297 973 0.'89 1 . '12 
Controller Reports 190 1252 0. 86 1 . 1 5 
Pilot and Controller 15 1027 0 . 55 1 . 55 

No Mil itary Aircra ft 
Involved 437 1078 0 .9 1  1 . 1 0 

Military Aircraft 
Involved 65 1 122 o .77 1.2 5  

Evasive Action Taken 1 1 1  1 197 0 . 8 2 1 . 19 
Unknown Action ; 

or None 63  1 1 '6 3  
' 

0.7 6  1 .2 6  
No Conflict 328 989 0.'89 1 . '1 1  

l 

Combined 502 108 0  I 0 .9 1  1.'09 

- - .- ·- - . .  

altitude deviations shown in Column 3 are ranked in decreasing order'. 

Because these means are associated with e xponential distributions it is 

assumed tha't the estimated means are chi-square distributed with 2f degrees 

of freedom', where f is equal to n- 1 ,  and n is equal to the number of reports 

involved in the mean altitude deviation'. 

Compa r isons among means are made by taking ratios of the large r means to 

the smallest mean within each partitioning . These ratios are shown in column 

5 and are taken to be F-distributed with 2f 1 , and 2f2 degrees of freedom. 

The crit ical values for the 95  percent fractiles of the F-distribution are 

shown in column 6 and are computed using a large sample approximation.'( 3 ) If 

the ratio of  the mean altitude deviations in column 5 exceeds the critical 
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TABLE C- 2 .  TESTS FOR S TATISTICAL S IGN IFICANCE 
AMON G MEAN ALTITUDE DEVIATION S 

Me a n  Degre e s  o f  Mea n Compu t ed  S t a t i s t i c a l l y  
P a  r t  i t  i o ned  Al t i t 1 1 d e  F reedom , Al t i tude 95  P ercent  S i g n i f i c a n t  

By 2 5Subgroup Dev i a t i o n ( le)e, f t .  2 f (e ) Ra t i o ( 3 ) F - ra t i o ( 4 ) ' Re s u l tt ( ) 

F lti gh t  Fa i l ure- to-Atta i n  1 960  62  2 . 5 5 1 .  34 Y e s  
P a t  te rn Fa i l u re-to-Ma i nta i n  1 240  1 9 2 1 .  6 1  1 .  2 1  ' Yes  

Unc l a s s i f i a b l e  1 2 30 24 2  1 . 6 0  1 . 20 Yes 
- -Fa i l ure-to-Leve l  770  500  1 . 00 - -

Re porte r Con tro l l e r  1 2 50 3 78  1 . 2 9 1 . 1 6  Yes  
Pi l ot and Con t ro l l e r 1 0 30 28  1 . 06 1 . 49  No  

-..J 
0 P i tl o t 970  592  1 . 00 -- - -

M i l i ta ry I n vo l vemen t 1 1 20 1 28 1 .  04 1 .  2 3  No 
A i rc ra f t  No I n vo l vement 1 080 872  1 . 00 I n v o l ved 

- - - -
Outcome Eva s i ve Act i on Ta ken 1 200 2 2 0  1 .  2 1  1 . 1 9  Y e s  

Unknown Ac t i on o r  
None 1 1 60 1 24 1 .  1 7  1 . 2 4  No 

No Con f l i c t  990 654 1 . 00 - - - -
. -

( 1 )  From Ta b l e  3 ,  rea rra nged i n  order of mean a l t i tude dev i a t i on .  
( 2 ) Compu ted  u s i ng 2 f  = 2 n - 2 , where n i s  the  n umber o f  reports . 
( 3 )  Ra t i os a re formed w i t h  the l a rger  mea n i n  t he  n umera tor ,  the s ma l l e r mea n i n  denom i n a to r .  
( 4 ) Comp uted u s i n g  l og F = l . 4287/�-0 . 68 l { f t - ft ) ,  1 0  

1 1

1 2
1 1where h- l = (1  / 2 )  { fj +f ) .  See Re.ference ( 3 ) .  2

( 5 )  Res u l t s  a re s t a t i s ti ca l l y  s i gn i f i c a n t  a t  5 percent l evel of s i gn i fkance whenever rat i o i n  Co l umn 5 exceeds 
e n t ry in Col umn 6 . 



F- ratio in column 6 ,  it  is concluded that the means di ffer s tati s t ically a t  

the 5 percent  level of signi ficance. 

The last column of the table shows that the mean altitude deviations are 

sta tistically large r for  each fligh t pa ttern rela tive to the m ean altitude 

deviation for the failure- to-level subgroup. Similarly, it  is seen that the 

mean  al ti tude deviation associated with c ontroller  reports stati s t ically 

exceeds that associated with pilot reports. The mean altitude deviation for 

reports involving mili tary aircraft does not  di ffer at the 5 perc ent level of  

significance from the mean altitude deviation for  reports not involving mili-

tary aircra f t. The final portion of the table shows that the mean altitude 

deviation for reports involving evasive actions is barely signi ficant (mean 

ratio o f  1. 2 1 versus c ri tical F-ratio of 1. 19) , rela tive to the mean altitude 

deviati on for No Conflict reports that typically involved single aircraft. 

Relation Between the Geome tric 
and Exponential Distribu tions 

Both the geome tric and exponential distribu t ions were used i n  analyzing 

the magni tudes of the alti tude deviations. The following expression shows 

the rela tion be tween these two distribu tions: 

where the left  side shows a term o f  the geom e t ric dis tribution wi th p = 1-q 

and 0<q< l. The correspondence be tween the two distribu tions is seen by 

equa t ing q with e- 1/ ,, where ,)0 denotes the mean of the exponen tial distri-

bution. Th is equali ty shows that ( 1/ ,) = ln ( l /q) so tha t the exponential 

distribu tion can be expressed in terms of  th e g e om e tric  parame ter q as fol­

lows : 

f (k) = ln ( l /q)e-k ln( l /q), k = 1, 2 ,  • • • '• 

With this rela tion i t  can be shown that the area under the exponential dis­

tribu tion be tween - 1  and k is equal to  pqkk - l, k = 1 ,  2, • • •' • 

As an applica tion consider an expo nential distribu tion wi th mean T = 

1000 feet  that is to  be represented by a ge om e t ric  distribu t ion wi th inter-

vals o f  100 feet. Because k = 1, 2, must co rrespo nd t o  100, 200, • • •  fee t ,  
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it follows that T = 1000 feet corresponds to k = 10 , so that T is measured in 

units o f  100 feet and has a magnitude of 10. With T = 10', it is seen that q 

= e- 1/'l O 
= 0.9048, and p = 0.095 2, so the geometric representation is given 

by 

pqk- l = (0.0952) (0.9048)k- l. 

If the geometric representation has intervals of 1000 feet , then the rescaled 

value of  T is 1.0 .  In this case , the geometric distribution takes the form : 

Table C- 3 shows the observed and expected numbers of reports based on 

equation (C- 1) . The table shows excellent agreement between the observed 

number of  reports and the geometric distribution given ahove. 

TABLE C-3. OBSERVED AND EXPECTED NUMBER OF REPORTS USING 
GEOMETRIC D ISTRIBUTION AT 1000-FT INTERVALS 

Upper Limit of ! 

Altitude Number of Reports
Deviation k ,  Chi- Square 
Thousands Observed C l) Expected (2) Component,

o f  Feet 0 E ( 0-E) 2 /E 

1 337 3 17. 3 1.2 2  
2 109 1 16.7 0. 5 1  
3 33  4 2.9  2. 28 
4 15 15. 8  0.0 4  
5 4 5 . 8  0.'56 
6+ 4 3.'5 0.07 

Total 502 502.0 4.68'('3) 

('l)'source: Table D- 1 
( 2 ) computed using 502'( 1- ( 1/e)) /e)k-( l l 
( 3) chi- Square value of 4.68 , with 5 degrees o f  f reedom , is not satistically 
significant at the 95 percent level, so the observed results a re consistent 
with the geometric distribution at 1000-ft intervals. 
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APPENDIX D 

SEARCH STRATEGY , ACCES SION NUMBER , AND DATA 
LI STING FOR ALTITUDE DEVIATION REPORTS 

An inclusive s earch s t rategy was used to obtain the repo rts fo r this 

study. The following keywords were used: alti tude deviation , al ti tude 

excursion ,  alti tude overshoo t, alti tude undershoot, d evia tion from clearance, 

unauthorized climb, and unauthorized descent. The d e tailed search s tra tegy 

given b elow is taken from the computer printou t ': 

AV I AT I ON SAF ETY REPORTING  SYSTEM 
LAST UPDATE 08/2 7/80 
W I TH 1 2563  REPORTS . 
rnTrn YOUR RE()UESTS OI/ E AT A TIME  

1/  X EQ , ATTACH , SAVEPF L , S EARCH , I D=HECHT 
ENT E R  YOUR R EQUEST 

AT 
1 /

CY= 003 S N=SHARED /X ALTBUST 

1 /  ALT ITUDE D*ALL 
1 037  REPORTS 

21 TERMS W I TH YOUR STEM WERE COMB I NE D  
2/  ALT I TUDE EXCURS I ON 

2 9  REPORTS 
3/ ALT I TUDE OV*ALL 

8 0  REPORTS 
3 TERMS W I TH YOUR STEM WERE COMB I N E D  

4/  ALT I TUDE UN*ALL 
20 REPORTS 

2 TERMS W ITH YOUR -STEM WERE  COMB I NE D  
5 /  ALTITUDEDE *ALL 

4 REPORTS 
3 TERMS �/ I TH YOUR STEM WERE  CC:·18 I N ED  

6/ ALT I TUDEOV*ALL 
4 REPORTS 

l TERMS W I TH YOUR STEM WERE COMB I NE D  
7 /  ALT I TUOEUN*Al l 

2 REPORTS 
l TERMS W I T H  YOUR S TEM WERE COMB I NED  

8/  DEV IAT I ON FROM CLEARAl�E/A*ALL 
6 R E PORTS 

3 TERMS W I TH YOUR STEM WERE W·1S I NE D  
9/ DEV I A T I ON/�l *ALL 

l R E P ORT  
l TE R�S W I TH Y OUR STEM W E R E  cmIB I N EO  

l 0/ LJrlflUTf !OR I  Z ED  AL *ALL 
6 9  R E PORTS 

3 T E RMS W I TH YOUR ST EM WER E  COMB I NE D  
lSl / Ur l ,�UTH O R I  Z E DC L  *ALL 

2 . RE PORTS 
2 TE R'.·1S WI TH YOUR STEM HERE C OMB I N ED  

1 2 / u;/AUTHO R I Z E D  C L*ALL 
1 06 R E PORTS 

7 TE RMS W I TH YOUR STEM WERE COMB I N ED 
1 3/ UNhUTHOR I Z ED  DE*ALL 

l 02 R E PCRTS 
4 T E R�S � I TH YOUR STE� W E RE COMB I NED  

1 4/ ( l O 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 1 0  0 1 1  0 1 2  0 1 3  ) 
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Table D- 1 shows the d istribution of the computed altitude deviations for 

508 ASRS reportst. With the exclusion of the six largest deviations , between 

7000 ft and 1 6, 500 ft , the remaining 502 altitude deviations constitute the 

prima ry data for th i s  repo rt. 

TABLE D- 1.  DISTRIBUTION OF COMPUTER ALTITUDE 
DEVIATIONS FOR 508 ASRS REPORTS 

Altitude Number Altitude Number Altitude Number 
Deviationt, of Deviation, of Deviation , of 

feet Re ports feet Reports feet Reports 

1 00 2 1 40 0  6 3000 1 7  

200  10  1 50 0  1 9  3200  1 

3 0 0  1 2  1 600  1 3300  1 

3 5 0  l 1 7 00 3 3 5 00  1 

4 0 0  3 3  1 8 0 0  4 4000  12 

4 8 0  1 1 900  1 4700 1 

500 50 1950 1 4800 1 

600  3 4  2000 4 4  5000 2 

7 00 3 3  2 1 00 1 5400 1 

800  2 1  2200  1 6000  3 

9 0 0  1 3  2300 2 7 000 l *  

1 000  l � L..  ') ') 240 0  2 1 0000  2>< 

1 1 00 6 2500 7 1 1 000  1 *  

1 2 00 l l  2600  1 13000 l* 

1 3 00  1 3  2700 2 16500 l *  

>'< The s e  a 1 t i  t 1 1 de  deviations are excluded from the stati stica l ana lyses 
;J rL' s e n t ed i n  t he na i n  body o f  this repo r t .  
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The at tached l i s t ing shows in Column 1 the acces sion numbers  of  the ASRS 

reports u sed in  th is  study. The numbers  shown in Co lumn 2 are the sequence 

numbe rs o f  those reports that conta i ned numerical information provided by the 

reporte r ( listed i� Column 3 )  f o r  the f l ight a l t i tude  ( shown in  Co lumn 4 )  and 

the a s s igned a l t i tude ( shown in Column 5 ) . The dif ference between these two 

numbers is taken to be the altitude deviation. This  dif ference is shown in  

Column 6 with a nega tive s ign  fo r those deviations in which the flight a lti­

tude is below the a s signed a ltitude. Column 7 gives an a s ses sment of whether 

the computed altitude deviation in Column 5 is  a lower bound to the actual 

altitude deviation or whe ther it represents the maximum altitude deviation . 

I f  level flight occurred a t  the inco rrect alt itude, the flight pattern group 

is  shown in Co lumn 8. The improper fl ight a ltitude where a deviating air­

cra ft flew level i s  shown in Column 9 for the subset of  incidents where this 

occur red. In Co lumn 10 va rious attributes related to evasive act ion 

incident s  a re listed'. Incidents involving mili tary aircra ft are indicated in 

Column 1 1 . 
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1 6. Abstract 

This is a sta t istica l  study of the magnitudes of altitude deviations obtained 
from 502 ASRS reports received between May, 1978 and November, 1979. The 
deviat ions range from 100 to 16, 500 f t. The magnitudes of  al t itude devia -
t ions, without regard to sign', are found to be exponen tially distributed with 
a mean of 1080 ft. Exponent ial d is t ributions are also found for various s ub-
groups of the reports tha t  include : fai lures -to-level in which pilo t s  f a i l  
to level at ass igned a lt itudes ; fai lures-to-maintain assigned alt i tudes, 
including prema t ure depar tures ; and fa ilure s -to-a t tain ass igned al t i t udes, 
including failures to meet crossing restrictions. These subgroups show mean 
altitude deviations of 7 70, 1240, and 1 960 ft, res pectively. At a constant 
refe rence rate o f  climb or descent, these results are interpret ed as exponen-
tial dis tributions of t imes required for human detection of altitude devia -
tions. On this bas i s, at  an assuraed reference rate of 1 500 ft/min, i t  is 
compu ted that , ha l f  of the time , an altitude deviation would be de tected 
within 30 seconds. Corresponding half-lives of  altitude devia tions involving 
failures- to-level, failures-to-main tain, and failures -to-attain are found to
be approximately 20, 35, and 55 seconds', respectively. A change in the 
re ference rate of climb or descent yields a change in the mean detection 
time, bu t does not change the exponentia l form o f  the distributi on of detec-
tion times. 
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