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Abstract : Sunrise and sunset times differ depending on location and date. Previous studies conveniently but monotonously applied day and night times
set up. This research defined the daytime and nighttime while considering the time of twilight according to the date and the location of ship collision
accidents. Classifying the frequency of ship collision accidents with this standard, we conducted a chi-squared test for the difference between daytime and
nighttime. The frequencies of ship collision accidents according to daytime and nighttime was compared by season, month, and time, and all of them
showed statistically significant differences. The highest number of daytime ship collisions was 11.6 %, in June, and nighttime collisions peaked at 13.7 %,
in December. The most fiequent hour for daytime ship collisions was 0700h-0800h, at 10.2 %, and nighttime collisions peaked between 0400h-0500h, at
16.9 %. It is clear that the criteria used in previous studies cited was applied without any theoretical basis and likely only for the convenience of the
researchers. It was found that results depend on what criteria are applied to the same research data. This study shows that statistical analyses of marine

accidents, traffic volume, and congestion density should be carried out quantitatively while considering daytime and nighttime hours for each particular

location and date.
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1. Introduction

The risk of accidents along coastal seas is gradually getting
higher due to the increase of export-import traffic volume in
domestic ports and marine leisure activities, and marine accidents
have not decreased despite the implementation of various measures
for deducing accidents. It is important that the characteristics of
marine accidents should be identified by statistical analysis and
that a variety of ex post measures for preventing accidents should
be prepared.

Kim (2008) statistically analyzed marine accidents in South
Korean waters. There were differences of monthly marine
accidents in the West and the East Seas for fishing vessels. Park
and Ahn (2007) also analyzed the accident rate by time zones
using marine accidents data.

Many previous studies have set daytime and nighttime on a
Seo and Bae (2002)
classified daytime as from 0800h to 2000h, Kim and Kang (2011)
from 0500h to 1900h, and Lee (2016) from 0600h to 1800h in

their analyses of marine accidents. To analyze the traffic volume

of ships, Kim and Gug (2006) classified it from 0600h to 1800h,

monotonous criterion for convenience.
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Park and Park (2016) from 0600h to 1800h for the research of the
VTS officers’ proper controlling time, and Kim et al. (2017) from
0600h to 1800h for maritime traffic density analysis.

In the research of road traffic accidents, Seong et al. (2015)
defined it from 0600h to 1800h. However, sunrise and sunset
times differ depending to location and date. Previous research
conveniently but monotonously applied the setup of day and night
times.

Statistical analysis can be somewhat different depending on
how daytime and nighttime standards are set, and the results of a
study can be interpreted differently. With this standard, we
classified the frequency of collision accidents by season, month,
and time, and analyzed the differences between daytime and

nighttime.

2. Materials and methods

2.1 Material of Research

We collected 16 years (2001-2016) of ship collision accident
reports from the Korean Maritime Safety Tribunal. We compiled
the locations and dates of 1,309 cases of ship collision accidents
into the database. Fig. 1 also illustrates the distribution of those

collision accident locations. As can be seen, the collision accidents
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most frequently occurred in the areas approaching the ports of

Busan and Incheon.
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Fig. 1. Distribution of ship collision accidents.

2.2 Method of Research

To separate the data of ship collision accidents into daytime and
the nighttime, this research used the twilight time found on the
website of the US Naval Observatory (USNO, 2018).

Normal twilight is when the center of the sun is located
between the horizon and 6° below the horizon; it is the daybreak
period from 30 minutes to the very minute before sunrise, and the

vesperal time 30 minutes after sunset (Fig. 2).
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Fig. 2 Concept of civil dawn and dusk.

Cho-Young Jung

This is a time when things can be distinguished by the naked
eye and when daily outdoor activities are possible. Meanwhile,
navigational twilight is when the height of the sun is 12~18°
below the horizon; the sky is dark and bright stars are starting to
appear.

Astronomical twilight is the dark condition in which the height
of the sun is 12~18° below the horizon. Fig. 3 shows the lux (Ix)
according to the height of the sun (Beier, 2006). The lux of
astronomical twilight and navigational twilight is 0.001~5 Ix, but
5~1,000 Ix and
distinguished by naked eyes at this time. Therefore,

that of normal twilight is ships can be
in this
research, daytime and nighttime were defined by the standard of

civil dawn and dusk.
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Fig. 3. Illumination by altitude.

Fig. 4 and Fig. 5 show that the standard of daytime and
nighttime can be changed because twilight time varies depending
on location and date. Fig. 4 shows the normal twilight time during
2017 at 33° latitude, 124° longitude, and Fig. 5 at latitude 38° and
longitude 131° respectively. In the case of January 1, 2017, then,
civil dawn at 33° latitude and 124° longitude was 0718h and the
civil dusk is 1814h. Each of them were at 33° latitude and 124°
longitude at 0701h and 1735h, respectively. The time at latitude
33° and longitude 124° was 17 minutes later than civil dawn and
latitude 38°,
longitude 131°. Therefore, it was confirmed that the standard of

39 minutes later than civil dusk than that of

daytime and nighttime can be changed because twilight time is
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different depending on the location and the date of ship collision
accidents. With a total of 1,309 cases, chi-squared test was
conducted to analyze the difference between days and nights by
season, month, and time. A statistical significance test was

conducted on both sides at a significant level of 5% (p 0.05).

3. Statistical Analysis

3.1 Analysis of Ship Collision Accidents by Season
Table 1 represents a chi-squared test of the frequency of
seasonal collision accidents according to daytime and nighttime.

The results of the classification of ship collision accidents by day

24 ' ' ' 1 L1 ‘ ‘ and night showed that daytime accounted for 687 cases (52.5 %)
Time of civil dawn . .
51k Titie of civil diisk |L and nighttime accounted for 622 cases (47.5 %).
8F g Table 1. Chi-squared test of the frequency of seasonal collision
- accidents according to daytime and nighttime
w15 J
ke
o Classification
=i | | Season - Total
s 12 Day Night
§ o Spring 134 (19.5%)  120(19.3%) 254 (19.4%)
2 gt
Summer 217 (31.6%) 140 (22.5%) 357 (27.3%)
e
gL \/// Autumn 199 (29.0%)  185(29.7%) 384 (29.3%)
Winter 137 (19.9%) 177 (28.5%) 314 (24.0%)
B ) Total 687 (100%) 622 (100%) 1309 (100%)
0 L L L 1 L 1 1 | | L L L Pearson X2 19807 (000)***
0 30 60 90 120 150 180 210 240 270 300 330 360 p<.001
Day ofthe year
Fig. 4. Time of civil dawn and dusk by day at latitude 33°, It was found that there was a statistically significant difference
longitude 124°. in seasonal collision accidents according to day and night
(p=0.000). The results of ship collision accidents were classified by
o ' ' ' ' ' ' season, accounting for 384 cases (29.3%) in autumn
Time of civil dawn . .
59 L Time of civil dusk | (September-November), which was the highest percentage, 357
- cases (27.3 %) in summer (July-August), and 314 cases (24.0 %) in
18 po=rt P 1
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Fig. 5. Time of civil dawn and dusk by day at latitude 38°,
longitude 131°.

winter (December-February). In detail, it is shown that the highest
frequency of ship collision accidents during the day was summer at
217 cases (31.6%), then at 199 cases (29.0%) in autumn.
Accidents at night were the most frequent in autumn at 185 cases
(29.7 %), and then at 177 cases (28.5 %) in winter.

3.2 Analysis of Ship Collision Accidents by Month

Table 2 represents a chi-squared test of the frequency of
monthly collision accidents according to daytime and nighttime.

Monthly comparisons of ship collision accidents according to
daytime and nighttime show a statistically meaningful difference
(»=0.002). In the monthly analysis, accidents frequently occurred
in September at 142 cases (10.8 %), followed by 141 cases (10.8
In detail,

%) in December. the numbers of ship collision

accidents during daytime were shown as 80 (11.6 %) in June, the
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most frequent month, and 77 (11.2 %) in September. There were
85 at night (13.7 %) in December and 67 (10.8 %) in November.

In the frequency analysis, daytime accidents were found to be

Table 3. Chi-squared test of the frequency of hourly collision

accidents according to daytime and nighttime

Classification
relatively high from April to October, and nighttime accidents Hour Day Night Total

from November to March (Table 2). 00-01 0 (0.0%) 46 (7.4%) 46 (3.5%)

01-02 0 (0.0%) 37 (5.9%) 37 (2.8%)

Table 2. Chi-squared test of the frequency of monthly collision 02-03 0(0.0%) 45 (7.2%) 45 (3.4%)

accidents according to daytime and nighttime 03-04 0(0.0%) 76 (12.2%) 76 (5.8%)

Month Classification Total 04-05 3(0.4%) 105 (16.9%) 108 (8.3%)

Day Night 05-06 29(42%) 60 (9.6%) 89 (6.8%)

Jan 48 (7.0%) 53 (8.5%) 101 (7.7%) 06-07 59 (8.6%) 39 (6.3%) 98 (7.5%)

Feb 33 (4.8%) 39 (6.3%) 72 (5.5%) 07-08 70 (10.2%) 2(0.3%) 72 (5.5%)

Mar 41 (6.0%) 47 (7.6%) 88 (6.7%) 08-09 62 (9.0%) 0(0.0%) 62 (4.7%)

Apr 45 (6.6%) 35 (5.6%) 80 (6.1%) 09-10 57 (8.3%) 0 (0.0%) 57 (4.4%)

May 48 (7.0%) 38 (6.1%) 86 (6.6%) 10-11 60 (8.7%) 0(0.0%) 60 (4.6%)

Jun 80 (11.6%) 41 (6.6%) 121 (9.2%) 11-12 46 (6.7%) 0(0.0%) 46 (3.5%)

Jul 72 (10.5%) 53 (8.5%) 125 (9.5%) 12-13 48 (7.0%) 0 (0.0%) 48 (3.7%)

Aug 65 (9.5%) 46 (7.4%) 111 (8.5%) 13-14 54 (7.9%) 0(0.0%) 54 (4.1%)

Sep 77 (11.2%) 65 (10.5%) 142 (10.8%) 14-15 55 (8.0%) 0(0.0%) 55 (4.2%)

Oct 67 (9.8%) 53 (8.5%) 120 (9.2%) 15-16 48 (7.0%) 0 (0.0%) 48 (3.7%)

Nov 55 (8.0%) 67 (10.8%) 122 (9.3%) 16-17 42 (6.1%) 0(0.0%) 42 (3.2%)

Dec 56 (8.2%) 85 (13.7%) 141 (10.8%) 17-18 32 (4.7%) 3 (0.5%) 35(2.7%)

Total 687 (100%) 622 (100%) 1309 (100%) 18-19 17 (2.5%) 18 (2.9%) 35(2.7%)

Pearson 28.916 (.002)" 19-20 4(0.6%) 35 (5.6%) 39 (3.0%)

"p<.01 20-21 1 (0.1%) 34 (5.5%) 35 (2.7%)

21-22 0 (0.0%) 40 (6.4%) 40 (3.1%)

3.3 Analysis of Ship Collision Accidents by Time 22-23 0(0.0%) 43 (6.9%) 43 B.3%)

Table 3 represents a chi-squared test of the frequency of hourly 23-24 00.0%) 39 (6.3%) 39 (3.0%)
collision accidents according to daytime and nighttime. Total : 687 (100%) 622 (100%) — 1309 (100%)

An hourly comparison of ship collision accidents according to iearson X’ 1052.61 (-000)
p<.001

daytime and nighttime showed a statistically meaningful difference
(p=0.000). The numbers of ship collision accidents by time were
shown as 108 cases (8.3 %) at 0400h - 0500h (the highest), 98 (7.5
%) at 0600h - 0700h, and 89 (6.8 %) at 0500h - 0600h. In detail,
the numbers of ship collision accidents during daytime were 70
cases (10.2 %) at 0700h - 0800h, 62 (9.0 %) at 0800h - 0900h, and
those of nighttime were 105 cases (16.9 %) at 0400h - 0500h, 76
(12.2 %) at 0300h - 0400h (Table 3).

The time frame during which daytime ship collisions occurred
0700h - 0900h. By contrast,
collision accidents occurred most frequently between 0400h and
0500h in this study.

most frequently was nighttime

4. Discussion

Table 4 shows the results of applying the proposed method and
the results of the previous study methods to the designated
collision data used in this study. A comparison of the results of
this study and those applied by Kim and Kang (2011) showed an
8.7 % difference in daytime and nighttime collision counts, and an
8.1 % difference in the count using the method applied by Seo
and Bae (2002). Furthermore, when the results of applying the
methods of Seo and Bae (2002) and Kim and Kang (2011) were

compared, there was a 16.8 % difference in daytime and nighttime
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collision counts.
This illustrates that the interpretation of the results varies
depending on which criteria are applied to the research data. When

the Seo and Bae (2002) criteria are applied, it can erroneously

Table 6. Comparison of hourly collision accidents according to

previous studies’ criteria

Previous studies’ criteria

Seo and Bae (2002)  Kim and Kang (2011) Lee (2016)
appear that more collisions occur during nighttime than during Hour Day Night Day Night Day Night
daytime. (0800h-  (2000h-  (0500h-  (1900h-  (0600h-  (1800h-
2000h)  0S00h)  1900h)  0500k)  1800h)  0600h)
Table 4. Comparison of ship collision accidents according to 00-01 - 46 - 46 - 46
previous studies and the proposed method 01-02 - 37 - 37 - 37
02-03 - 45 - 45 - 45
Criteria Classification 03-04 _ 76 _ 76 _ 76
Dayti i
(Daytime)  Day  Night 0405 - 108 - 108 - 108
Seo and 581 728
- 05-06 - 89 89 - - 89
Bae (2002) 0800h-2000h (44.4%)  (55.6%)
06-07 - 98 98 - 98 -
Previous ~ Kim and 0500h-1900h 801 508
studies  Kang (2011) (612%)  (38.8%) 07-08 - 72 72 - 72 -
677 632 08-09 62 - 62 - 62 -
Lee (2016 0600h-1800h
(2019 (5L7%)  (48.3% wi s - s - s -
civil dawn - 687 622 10-11 60 - 60 - 60 -
The proposed method - 0 o
civil dusk (52.5%)  (47.5%) 11-12 46 i 46 i 46 _
12-13 48 - 48 - 48 -
Table 5 and Table 6 show the results of applying previous 13-14 54 _ 54 _ 54 _
studies criteria to the monthly and hourly collision data used in 14-15 55 _ 55 _ 55 _
this study. 15-16 48 - 48 - 48 -
16-17 42 - 42 - 42 -
Table 5. Comparison of monthly collision accidents according to 17-18 35 _ 35 _ 35 _
previous studies criteria 18-19 35 ) 35 ) ) 35
Previous studies criteria 19-20 39 - - 39 - 39
Seo and Bac(2002)  Kim and Kang (2011) Lee (2016) 20-21 - 35 - 35 - 35
Mon Day Night Day Night Day Night 21-22 - 40 - 40 - 40
(0800h-  (2000h- (0500~  (1900h-  (0600h-  (1800h- i - - -
2000m)  0800h)  1900h)  0500k)  1800h)  060Ch) 22-23 B 43 3
Jan 49 52 67 34 57 44 2324 - 39 - 39 - 39
Feb 34 13 43 2 39 3 Total 581 728 801 508 677 632
Mar 31 57 56 32 46 42
Apr 35 45 49 31 41 39 When the results of applying the methods of this study and Seo
May 34 5 48 38 0 44 and Bae (2002) were compared, there was a difference of 27
Jun 55 66 75 46 63 53 betweeljn daytime and mghttlm.e collision counts in July, f.ollowed
Tl 45 20 70 55 0 65 by 25 in June. There was a difference of 70 between daytime and
nighttime collision counts between 0700h and 0800h, followed by
Aug 47 64 66 45 55 56
59 between 0600h and 0700h. As shown in Fig. 4 and Fig. 5, the
Sep 68 74 83 59 74 68 . . . .
time of civil dawn in South Korea from March to August is
Oct 67 53 78 42 66 54 . . o ..
generally before 0600h, which results in classifying collisions
N 54 68 75 47 64 58
ov occurring between 0600h and 0800h as occurring during nighttime.
Dec 62 79 86 55 70 71

Total 581 728 801 508 677 632

When the results of applying the methods of this study and that of
Kim and Kang (2011) were compared, there was a difference of 30
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between daytime and nighttime collision counts in December,
followed by 20 in November. There was a difference of 60 between
daytime and nighttime collision counts between 0500h and 0600h,
followed by 39 between 0600h and 0700h. The time of civil dawn in
South Korea from October to February is generally after 0600h,
which results in classifying collisions between 0500h and 0700h as
occurring during daytime.

When the results of applying the methods of this study and Lee
(2016) were compared, there was a difference of 17 between
daytime and nighttime collision counts in June, followed by 14 in
December. There was a difference of 39 between daytime and
nighttime collision counts between 0600h and 0700h, followed by
29 between 0500h and 0600h. This is the result of classifying data,
as nighttime collisions occurred between 0500h and 0600h from
March to August, and those classed as daytime collisions occurred
between 0600h and 0700h from October to February.

5. Conclusion

This research considered daytime and nighttime as depending on
the time of twilight according to the date and the location of ship
collisions. It is clear that the criteria used in the previous studies
cited were applied for the convenience of the researcher without
any theoretical basis. It was found that results depend on what
criteria are applied to the same research data. This study shows
that statistical analysis of marine accidents should be carried out
quantitatively while considering daytime and nighttime hours
depending on the location and the date.

The results of this study can serve as basic data for the
systematic identification of collision accident status and the
establishment of safety management. In addition, these results can
be used as basic data to find ways to prevent ship collision
accidents.

This research is the limited in that the in-depth analysis and
its implications cannot be derived due to the limitation of the
data. In this study, considering only the number of collisions,
there was no consideration of the degree of damage per accident,
that is, the size of the accidents or their casualtics. Therefore, it
is necessary to comprehensively analyze the elements of the
severity of these collisions. Future in-depth research should be
carried out to develop and analyze models that can predict the
characteristics of ship collision accidents as they are changed by
time and space through the systematic data collection of ship

collision accidents.
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