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Abstract

This paper contains the results of processing and statistical analysis of accident location data from the period 1973-
2013 involving different types of large and light aircraft. The distribution of accident site locations which occurred
during various phases of flight near-airport is presented. The analysis results of distribution functions are shown to
estimate the probability density of accident locations during departures and arrivals. It is defined that the Weibull
distribution and Gamma distribution are the most plausibly corresponded to describe the probability density of the
accident site locations along the longitudinal and lateral coordinates relative to the runway centerline. The statistical
characteristics of accident locations have obtained which took place in the vicinity of airports during take-off and
landing phases of flight.

Keywords: aircraft accident location; airport; environment; Gamma distribution; probability density function; runways;

Weibull distribution.

1 Introduction

The countries as well as airlines and the
International Society have done so much to prevent
and reduce the damages for different environment
objects due to using of civil aviation. However,
today the existing hazards and risks are still high that
create the adverse conditions in the vicinity of
airports that have resulted the loss of ecological and
material resources including death of people. The
great majority of aircraft accidents occur during final
approach and the initial climb phases of a flight that
take place in or immediately adjacent to the airport.
All this leads to additional technogenic impact and
can be cause disastrous consequences for people in
the vicinity of the airport.

2 Analysis of the research and publications

The current approaches for estimating the
probability density of accident site locations in the
vicinity of airports (the NLR method [1], the DOE
method [2] and the ACRAM method [3]) were
analysed. @~ Each  method includes  certain
disadvantages and has differences because of the
different selection criteria used.

The statistical data of the accident locations
involving different types of large and light aircraft
were collected for improving the accident location
model. The analysis of accident location data was
performed for an 40-period (1973-2013) which
happened within runways and in the vicinity of
airports related to different phases of a flight:

- takeoff phase that includes the takeoff roll and
the initial climb,

- landing phase that includes the
approach and the landing roll.

Finding data with details of aircraft type and by
accident site locations was a more difficult task. The
data was compiled from a large amount of accident
reports published by Federal Aviation Administra-
tion [4], the National Transportation Safety Board
[5], UK Civil Aviation Authority [6], the Bureau
d’Enquétes et d’Analyses [7], UK Air Accidents
Investigation Branch [8]. A vast amount of data on
accident locations including information on aircraft
type and airport has been collected from the ASN
Aviation Safety database [9] and the Transportation
Safety Board of Canada database [10]. The ADREP
(the International Civil Aviation Organization)
database [11] was the preferred source for data
because allows the accurate location data to obtain.
Data was gathered from reviews of national
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organisation (the State Aviation Administration of
Ukraine) [12] and international organisation (the
Interstate Aviation Committee) [13] containing the
complete record of the board’s investigation of each
accident. So, a selection of a certain number of data
includes the review different types of aircraft
accidents (such as take-off overruns, undershoots,
overshoots, lateral veer-offs, landing overruns and
etc.) which associated with the various operational
phases near-airport. A sufficient number of accident
site location data has been found to perform the
calculations and for improving the accident location
model.

3. Task

The task is to establish trends of accident site
locations in the vicinity of airports and determine the
distances of accident locations relative to the runway
ends by using data set from different sources.
Moreover, the estimating the probability density of
take-off and landing accident locations for large and
light aircraft based on accurate location data.

4. The distribution of take-off and landing
accident locations in the vicinity of airports

The function of the accident site location for large
and light aircraft is estimated in the form of
dependency probability densities [14]:
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where f (x) is the function of the longitudinal
location along the runway and its the extended
centerline;

f (v, x) is the function of the lateral distribution
perpendicular to the runway centerline.

The accident location model for function of
accident location has been investigated in form of
two-dimensional probability density for longitudinal
and lateral coordinates of accident sites during take-
off and landing phases of flight. Results of
processing of accident location data which happened
within runways and areas around airports are
represented in Figure 1.

Figure 1 shows the distribution of accident
locations which occurred during various phases of
flight near-airport in two dimensions:

the longitudinal distribution of locations from the
runway end,

the lateral distribution of locations from the
runway centerline.

The database resulting from this research
contains a total of 2030 aircraft accidents which
happened in one of the flight phases: overshoots
(5 %), undershoots (26 %), take-off overruns (9 %),
landing overruns (26 %), lateral veer-offs (14 %)
and other uncategorized (20 %). The processing of
statistical data and necessary calculations was
performed by a computer system STATISTICA 8.0
[15].
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Fig. 1. The distribution of accident locations which happened during take-off and landing phases of flight:
a — along runway centerline; b — perpendicular to the runway centerline

The statistical characteristics of the aircraft
accident locations were obtained which occurred on
the runways and in the vicinity of airports:

- landing accidents (the zero point on the axes is

the landing end of the runway): arrival accident sites
are concentrated within 1 km laterally from the
runway centerline and extending outward to
approximately 5-6 km of the runway end; the 65 %

of the points lie within an area 500 m wide and
extending some 1 km from the runway end;

- take-off accidents (the zero point on the axes is the
take-off end of the runway): departure accident sites are
spread within 1.5 km laterally from the runway
centerline and extending outward to approximately 4-5
km of the runway end; the 46 % of the points are
concentrated within an area 500 m wide and extending
some 1 km from the runway end.
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The analysis of the statistical data related to the
accident sites has allowed to define that the great
majority of aircraft accidents take place on or
immediately adjacent to the runway. It was found
that landing accidents tend to be concentrated close
to the runway centerline. Furthermore, take-off
accidents tend to be concentrated near the runway
end, but are not as located close to the runway
centerline as are the landing accidents. Since the
landing manoeuvres are performed at "approach
zone", so the arrival accident sites tend to be most
closely bunched around the landing threshold. A
comparison of the two images in Figure 1 indicates
that arrival accidents sites tend to concentrated
farther from the end of the runway than departure
accident sites. The majority of departure accident
sites in which the aircraft impacted with the ground
are widely scattered relatively to the runway end.

The results of the investigation have showed that
the probability of an aircraft accident during take-off
and landing phases of flight in the proximity of the
runway ends is higher than at larger distances from
the runway end.

5 Estimating the probability density of take-off
and landing accident locations for large aircraft

The distribution functions were used: the Weibull
function, the Gamma function, the Log-normal
function, the Normal function, the Poisson function,
the Chi-Square function and Binominal function.

These functions were used for statistical estimation
the probability density of accident site locations. The
range in values of the longitudinal and lateral
coordinates (x, y) of accident site locations was
broken into intervals with interval of 1 km and 0.5
km which corresponded to the number data set. Then
the number of points were calculated which
concentrated at i interval and the statistics Chi-
Square was estimated to compare the probability
density of accident site locations. The smaller value
for the Chi-Square statistic means that more likely
hypothesis is true. The larger Chi-Square value the
greater the difference between observed and
expected data. The Kolmogorov-Smirnov test and
Chi-Square test were used to check the hypothesis.

The following Table I presents the analysis
results of distribution functions to estimate the
probability density for longitudinal coordinate of
take-off and landing accident locations due to large
aircraft.

As seen in Table 1, the Gamma distribution is the
most correspond to describe the probability density of
the accident site locations along the longitudinal
coordinates in phase of take-off due to large aircraft
(Table 1). The value of the Chi-Square statistics is
9.119 which supports this hypothesis. Since a p-value of
0.823 means that the observed data are consistent with
hypothesis of the Gamma distribution (Fig. 2).

Table 1
Probability density assessment of longitudinal coordinate
of accident site locations due to large aircraft
Assessment, Distribution
distance Binominal| Poisson | Chi-Square |Log-normal | Gamma | Weibull | Normal
Take-off
Kolmogorov-Smirnov distance
Interval 0.5 km 0.455 - 0.512 0.067 0.025 0.043 0.086
Interval 1 km 0.303 - 0.343 0.062 0.023 0.026 0.079
Chi-Square test
Interval 0.5 km 254.723 - 296.534 26.128 9.119 | 22.276 | 870.034
Interval 1 km 136.933 - 163.991 20.042 3.645 | 14.045 | 745.688
Landing
Kolmogorov-Smirnov distance
Interval 0.5 km 0.536 0.679 0.536 0.056 0.044 0.039 0.188
Interval 1 km 0.389 0.371 0.325 0.032 0.028 0.021 0.188
Chi-Square test
Interval 0.5 km 231.229 | 546.734 226.242 43.698 23.809 | 28.048 | 441.981
Interval 1 km 357.631 | 321.64 252.17 17.237 13.668 | 12.223 | 271.623

Based on result of researches it was found that
the Gamma distribution is more closely correspond to
describe the probability density of the accident site
locations along the longitudinal coordinates in phase

of landing due to large aircraft (Table 1) and the
Weibull distribution is for lateral coordinates. The

calculated value of )(2 =1.017 (Table 2) and the
significance level of 0.961 support this hypothesis.
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Table 2
Probability density assessment of lateral coordinate of
accident site locations due to large aircraft
Assessment, Distribution
distance Binominal| Poisson | Chi-Square |Log-normal | Gamma | Weibull | Normal
Take-off
Kolmogorov-Smirnov distance
Interval 0.5 km 0.257 0.254 0.213 0.053 0.024 0.039 0.143
Interval 1 km 0.137 0.137 0.137 0.033 0.013 0.021 0.143
Chi-Square test
Interval 0.5 km 994.746 | 600.141 60.935 29.935 8.157 3.719 |620.328
Interval 1 km 6.973 6.973 6.973 16.297 0.638 0.776 282.7
Landing
Kolmogorov-Smirnov distance
Interval 0.5 km 0.148 - - 0.099 0.018 0.101 0.293
Interval 1 km 0.052 - - 0.026 0.009 0.021 0.192
Chi-Square test
Interval 0.5 km 8.461 - - 20.884 11.067 | 1.017 | 324.348
Interval 1 km 1.042 - - 8.862 5.403 0.438 | 189.967
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Fig. 2. The probability density of the Gamma distribution of longitudinal location
for take-off accidents due to large aircraft: @ — interval 1 km, b — interval 0,5 km

6. Estimating the probability density of take-off
and landing accident locations for light aircraft

The analysis results of distribution functions to

estimate the probability density for longitudinal
coordinate of take-off and landing accident locations

due to light aircraft are shown in Table 3.

From the obtained results it was deduced that the
Gamma distribution is more closely correspond to
describe the probability density of the accident site
locations along the longitudinal coordinates due to

Probability density assessment of longitudinal coordinate
of accident site locations due to light aircraft

light aircraft during take-off phase of flight.

Table 3

Assessment, Distribution
distance Binominal| Poisson | Chi-Square |Log-normal | Gamma | Weibull | Normal
1 2 3 4 5 6 7 8
Take-off
Kolmogorov-Smirnov distance
Interval 0.5 km 0.543 0.298 0.247 0.038 0.036 0.034 0.101
Interval 1 km 0.264 0.2 0.2 0.038 0.009 0.027 0.101
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Table 3 (continued)
1 | 2 | 3 ] 4 | 5 | 6 | 7 | 38
Chi-Square test
Interval 0.5 km 248.402 | 832.332 121.98 20.175 6.283 7.351 | 182.768
Interval 1 km 29.336 16.8 16.8 19.12 1.848 0.077 | 104.349
Landing
Kolmogorov-Smirnov distance
Interval 0.5 km 0.575 - 0.575 0.057 0.056 0.052 0.218
Interval 1 km 0.204 - 0.154 0.049 0.027 0.024 0.181
Chi-Square test
Interval 0.5 km 322472 - 302.783 80.849 41.78 | 29.082 | 875.661
Interval 1 km 30.738 - 11.766 52.799 13.814 | 17.619 | 434.371
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Fig. 3. The probability density of the Gamma distribution of longitudinal location
for take-off accidents due to light aircraft: a — interval 1 km, b — interval 0,5 km

The chi-square calculated value is 6.283 which
supports this hypothesis (Table 3). Since a p-value of
0.392 indicates that the observed data have not rejected
the hypothesis of the Gamma distribution (Figure 3).

It was defined that the Gamma distribution and

Weibull distribution are the most plausibly
corresponded to describe the probability density of the
accident site locations along the longitudinal

coordinates due to light aircraft during landing phase of
flight (Table 3).
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The analysis results of distribution functions for
probability density assessment of lateral coordinate
for take-off and landing accident locations due to
light aircraft are approximately the same.

6. Results

The longitudinal and lateral distribution of take-off
and landing accident locations due to large and light
aircraft are modelled using the Weibull function
(Figure 4 and Figure 5).

0.,0010

10,0009

0,0008

0.0007

10,0008
3 10,0005
N

" 0.0004

0,0003 1
e,
0,0002 A
<
A

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 6500 G000
X, m

b

0.0001

10,0000

Fig. 4. Weibull distribution to describe the longitudinal coordinates of accident locations due to large aircraft:
a — take-off, b — landing
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locations due to large and light aircraft along the
runway and its extended centerline are modelled
using the Gamma function.

As a result, it was concluded that the Gamma
distribution (1) and Weibull distribution (2) are the
most plausibly corresponded to describe the
probability density of the accident site locations
along the longitudinal and lateral coordinates of
aircraft accidents due to large and light aircraft during
take-off and landing phases of flight:

_ 1 o-1 X
TP =g exp[ (BH 1

f(x,0,B) = B%x“_lexp{— [%j“} 2

7. Conclusions

The accident location data involving different types
of large and light aircraft has been collected. The
analysis of worldwide aircraft accidents related to
take-off and landing phases of flight has been
performed for the period 1973 to 2013 which
occurred within runways and in the vicinity of
airports. The processing of data points has been
performed by the computer system STATISTICA
8.0 that include the following accident types: the
lateral veer-offs, the overshoots, the undershoots, the
take-off overruns and landing overruns. Based on
result of researches, it is found that a vast amount of
aircraft accident sites tend to be concentrated close
to the runway ends and relatively near the extended
centerline.

From an analysis of the obtained results it was
determine that accident probability density decreases

of the arrival accidents points are plotted within a
narrow strip, approximately 500 m wide and
extending some 1 km from the runway end. Also,
almost 45 % of the departure accident points lie
within an area 500 m wide and extending some 1 km
from the runway end.

The analysis of distribution functions has been
performed to estimate the probability density of
accident locations due to large and light aircraft
during take-off and landing phases of flight. The
results of investigation have allowed to deduce that
the Gamma distribution and Weibull distribution are
the most plausibly corresponded to describe the
probability density of the accident site locations along
the longitudinal and lateral coordinates of aircraft
accidents due to large and light aircraft during take-off
and landing phases of flight.
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ITokazaHo pe3ynbraTtd aHamizy (DYHKIH PO3MOMITY JUIS OIIHKA TYCTHHH WMOBIPHOCTI PO3MIMIECHHS MICITh
aBlalifHUX MOMAIM M 4ac 37p0Ty 1 mocanku. Po3mominu BeiOyna i ['ama Bu3HaueHi sK Taki, 1[0 3
HaOLIBLIO JOCTOBIPHICTIO BiIMOBiAAlOTh OMUCY T'YCTHHH WMOBIPHOCTI PO3MILICHHS MiCIlb aBialliiHHX
MO y3IOBXK IMO3IOBXKHIX 1 MOMEpEeYHUX KOOPAMHAT BiIHOCHO BiCi 31MiTHO-HOCanKoBOi cMyru. Otpumani
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Cratbs COOEpKUT PE3yJIbTaThl 0OpabOTKM M CTaTHUECKOrO aHajiu3a JaHHBIX IPO MECTOPACIIOJIOKEHHS
ABHALIMOHHBIX MPOUCILECTBUIN TSDKEINBIX U JIETKUX BO3AYIIHBIX CyIOB, KOTOPbIE MPOU3OLUIN Ha MPOTSHKEHUH
1973-2013 rr. IlpencraBineHo pacnpeneieHUe pa3MEIICHUs MECT AaBUALMOHHBIX IPOUCIIECTBUNA MpHU
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nosocel.  IlodydyeHsl cTaTucTHYECKME XapakTEPUCTUKH MECT, TJ€ COBEpIIAIOTCS aBHALMOHHBIE
IIPOMCLIECTBUS BO BpPeMsI B3JI€Ta U IIOCAJKU BO3AYLIHBIX CYy10B B OKPECTHOCTH a3pPOIOPTOB.
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