Research Paper

http://dx.doi.org/10.7837/kosomes.2015.21.4.397

Journal of the Korean Society of Marine Environment & Safety
Vol. 21, No. 4, pp. 397-402, August 31, 2015, ISSN 1229-3431(Print) / ISSN 2287-3341(Online)

A Study on the Observation Days of Maritime Traffic Investigation

st

Sang-Lok Yoo™ - Seong-Book Park™ - Young-Soo Park™ - Jae-Yong Jeong
*, ** Graduate school of Mokpo National Maritime University, Mokpo 58628, Korea
*** Korea Maritime and Ocean University, Busan 49112, Korea
**kk Mokpo National Maritime University, Mokpo 58628, Korea

of ¥3k A+

Abstract : This study is to compare variation indexes by monthly, weekly and hourly using AIS data, which was collected for 365 days from January I
to December 31", 2013 at Mokpo Port and then, computed the maximum standard error by observation days. The comparison of monthly variation indexes
showed that the monthly variation indexes for September and February were 1.11 and 0.84, respectively, in turn revealing that the maritime traffic in
September was about 32.1 % larger than February. Also, the daily variation indexes for Tuesday and Sunday were 1.05 and 0.92, respectively, in turn
revealing that the maritime traffic in Tuesday was about 14.1 % larger than Sunday. When the maritime traffic investigation is executed for at least 1
week in consideration of the daily variation index, it is possible to reduce the maximum standard error rate to be within 21 %. Therefore, if the maritime

traffic investigation is made in the month and week with low maritime traffic, each variation index should be applied to reflect the actual maritime traffic.
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1. Introduction

The maritime traffic investigation could be utilized as data for
the maritime traffic congestion and flow evaluation, which is to
evaluate whether a fairway could accommodate the maritime traffic
volume, as well as setting of speed limits and improvement of
fairways.

The previous studies on maritime traffic investigation include a
study made on a 3-day maritime traffic investigation (Im et al.,

2007; Kim et al., 2011; Lee et al.,, 2012) as well as studies on a
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7-day maritime traffic investigation(Kim et al., 2006) and a 10-day
maritime traffic investigation(Park et al., 2006). However, all of
them have failed to suggest an error in the estimated maritime
traffic upon the number of days investigating the maritime traffic.
Also, they also did not suggest variation indexes including a month
and a week and a hour of the maritime traffic investigation. In
Japan, studies on the maritime traffic investigation have received a
lot of interest(Kinzo and Kiyoshi, 1974), but there is no study on
the maritime traffic investigation of Korea.

Therefore, this study aims to suggest variation indexes of the
monthly and weekly maritime traffic, and validate the computation

of the number of days of observation.
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2. Method of Study

2.1 Area of Study
This study was made with AIS(Automatic Identification System)

data, which was collected for 365 days from January 1% to
December 31%, 2013 at Mokpo Port and the analysis object region
was Mokpogu where vessels navigating Mokpo Port pass through,
as shown in the Fig. 1.
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Fig. 1. Area of study.
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2.2 Procedure of Study

Fig. 2 shows the study procedure, which is to compare the
maritime traffic by maritime traffic investigation period such as a
month, a week and a hour and then, apply it with the variation

index and suggest the maximum standard error by observation days.

Collecting of Database

v

Analysis of Monthly, Weekly,
Hourly traffic volume

Compare of Monthly, Weekly, Hourly variation

v

Analysis of relation between the observational days
and Cocfficient of variation.

Deriving of Maximum standard error by
observation days

Fig. 2. Procedure of study.

3. Maritime Traffic Analysis

3.1 Daily maritime traffic
Fig. 3 shows the daily maritime traffic. Table 1, revealing the
statistics data for 1 year, shows that 20,833 vessels navigated in

one year and 76.8 vessels navigated in one day on average.
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Fig. 3. Daily passing ship at Mokpogu.

Table 1. Statistics data of passing ship

Statistics data

Total passing ship (ships/lyear) 28,033
(ships/1day) 76.8
Average
(ships/1hour) 32
Standard deviation (ships/1day) 15.9
Coefficient of variation (CV) 0.207

3.2 Monthly maritime traffic
Table 2,
Mokpogu by month, reveals that the average daily vessel traffic

showing the investigation of vessels navigating
was the highest, of 84.9 vessels, in September and smallest, of
64.5 vessels, in February. Fig. 4 shows the monthly variation index
(The monthly average daily maritime traffic for each month + the
annual average daily maritime traffic), which was shown to be
1.11 and 0.84 for September and February, respectively so the
maritime traffic in September was about 32.1 % higher than the

maritime traffic in February.

3.3 Weekly maritime traffic
Table 3 shows the maritime traffic by week. The average weekly
maritime traffic by week reveals that it was highest, of 80.7

vessels, in Tuesday and smallest, of 70.8 vessels, in Sunday. Fig. 5
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shows the weekly variation index (The average weekly maritime 1.08
traffic by day =+ the annual average daily maritime traffic) ol /\~\\¢//‘”\ |
revealing that the daily variation indexes of Tuesday and Sunday // \
)i \\
were 1.05 and 092, respectively and the maritime traffic in e / \ i
Tuesday is about 14.1 % higher than of Sunday. 5
Table 2. Monthly passing ship and variation index 3 ossl P
2
— R
Month Inbound  Outbound Total  PeT Variation oo / |
ship ship day index J
January 1189 1172 2361  76.2 0.99 vesl / |
February 914 893 1807 64.5 0.84 /
March 1117 1069 2186  70.5 0.92 092/ i : i
Sun Mon Tue Wed Thu Fri Sat
April 1241 1111 2352 784 1.02 Rejeryesk
May 1311 1229 2540 819 1.07 Fig. 5. Weekly variation index.
June 1218 1132 2350 783 1.02
July 1266 1157 2423 781 1.02 Table 4. Hourly passing ship and variation index
August 1188 1174 2362  76.2 0.99
September 1283 1263 2546 849 1.11 Hour  Ibound  Outbound ... per Variation
ship ship day index
October 1374 1213 2587 834 1.09
November 1201 1080 2281 760 099 oo-or 381 147 28 145 046
December 1152 1086 2238 722 0% o1-02 312 139 e 1A 039
02-03 282 184 466 1.28 0.40
12 T T T T T T T T T 03-04 209 241 450 1.23 0.39
sl | 04-05 207 288 495 1.36 0.43
05-06 258 419 677 1.85 0.59
Hr ' 5o ] 06-07 595 1043 1638 449 1.42
_ 1050 /’A \¥ / \ 4 07-08 529 963 1492 4.09 1.29
= / \
>§ . // N . \ 08-09 555 999 1554 4.26 1.35
£ 7 09-10 1196 977 2173 5.95 1.88
s /
oy i 10-11 936 903 1839 5.04 1.59
R , ] 112 754 540 1294 3.55 112
\ £ 12-13 824 625 1449 3.97 1.25
0851 7
13-14 792 944 1736 4.76 1.50
%% Feb  Mar  Awr May JLnMomhm A Sep O Nev Dec 14-15 883 1036 1919 5.6 1.66
Fig. 4. Monthly variation index. 15-16 638 792 1430 392 1.24
16-17 621 636 1257 3.44 1.09
Table 3. Weekly passing ship and variation index 17-18 1193 474 1667  4.57 1.44
Day of Inbound  Outbound Total PST Variation 18-19 1027 389 1416 388 1.23
Week ship ship day index 19-20 414 470 884 2.42 0.77
Sunday 1897 1784 3681  70.8 0.92 20-21 379 355 734 2.01 0.64
Monday 1997 1936 3933 75.6 0.98 21-22 604 295 899 2.46 0.78
Tuesday 2257 2022 4279  80.7 1.05 22-23 370 343 713 1.95 0.62
Wednesday 2107 2053 4160  80.0 1.04 23-24 331 229 560 1.53 0.48
Thursday 2167 2021 4188 80.5 1.05
Friday 2068 1857 3925 755 098 3.4 Hourly maritime traffic
Saturday 1961 1906 3867 74.4 0.97

Table 4 shows the maritime traffic by hour. Fig. 6 shows the
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hourly variation index (The average daily maritime traffic by hour
+ the annual average daily maritime traffic) revealing that the
maritime traffic from 09 to 10 was 1.88 which is about 382.1 %
higher than 0.39 for the maritime traffic from 03 to 04. Also, from
20 to 03, the number of inbound vessels was found to be
relatively higher than of outgoing vessels and from 03 to 09, the
number of outgoing vessels was relatively larger than of incoming

vessels.

Hourly Variation

i i i
2 4 6 8 10 12 14 16 18 20 22 24
Hour

Fig. 6. Hourly variation index.
4. Reliability of Observation Days

4.1 Relationship between the Observation Days and
Coefficient of Variation
When the coefficient of variation(CV) of the sample mean by
the observation days is applied, it could be expressed as the
equation (1)(Kinzo and Kiyoshi, 1974).

oV="Zn 0 )
x

Since the standard deviation(c) of the maritime traffic in
Mokpogu were 15.9 vessels, and the sample mean (z) of the
maritime traffic in Mokpogu was similar with the population mean
(1) of 76.8 vessels, it could be calculated as o/xz =0.207 and

expressed as the analytical equation (2).
CV=0207 « n % )

On the other hand, from the population, it is possible to

calculate the sample mean (z) and standard deviation (o) for

sample groups in the number of i={number of days in one
year-(n-1)}, which was calculated by moving the number of
populations by each observation days. The regression equation for
CV for each of 50 sample groups could be computed as in the
Fig. 7 and then, expressed as the equation (3).
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Fig. 7. Relation between the observational days and Coefficient

of variation.

4.2 Estimation of Annual Average Daily maritime traffic
The annual average daily maritime traffic, in general, is

estimated with continuous observation for days, as the equation (4).
1=k« CV)z <p <(1+k+ CV)z 4)

: Reliability Coefficient
u : Estimated Annual Average Daily maritime traffic
z : Average maritime traffic, estimated with the observation

made in the number of days.

For instance, during the 7-day maritime traffic investigation at
Mokpogu, when the annual average maritime traffic was calculated
at the 95 % confidence level (k=1.96), as the equation (5).

cv

mokpo

= 0.2033 « (7)"931%5 = 0.11 (5)

(0.7839)x < p <(1.2161)x

Table 5 shows the maximum standard error in the estimation of

annual average daily maritime traffic by observation days. For
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instance, when it is estimated at the 95 % confidence level, the
3-day maritime traffic investigation and 7-day maritime traffic
investigation could have 28.2% and 21.6% of the maximum

standard error, respectively.

Table 5. Maximum standard error by observation days (95 %

confidence)
Observation days Maximum
(n) standard error (%)
1 39.85
2 32.04
3 28.21
4 25.77
5 24.02
6 22.68
7 21.61
8 20.72
9 19.97
10 19.31
14 17.38
30 13.67
50 11.64

4.3 Comparison with Previous Studies

Table 6 shows the comparison of the maximum standard errors
between the previous study(Kinzo and Kiyoshi, 1974) on the
maritime traffic at the Akashi Strait for 1 year and this study, and
it reveals that a result of this study is similar with of the

aforementioned study. When the observation days was 14, the

Table 6. Comparison of Maximum standard error between Akashi

kaikyo and Mokpogu

Maximum
Observation days standard error (%)
® Akashi kaikyo Mokpogu
1 49.8 39.8
3 323 28.2
5 26.4 24.0
7 232 21.6
10 20.1 19.3
14 17.6 17.3
30 13.1 13.6
50 10.7 11.6

maximum standard errors were found to be 17.6 and 17.3 for the
Akashi  Strait and Mokpogu, Also,
observation days was 30, the maximum standard errors were found
to be 13.1 and 13.6 for the Akashi Strait and Mokpogu,

respectively. It could be reasonable to assume that the maximum

respectively. when the

standard error tends to be similar when the observation days is 14

or above.

5. Conclusion

In this study, a difference in the monthly, weekly and hourly
maritime traffic was compared after applying it with the variation
index, and the maximum standard error, varied by observation
days, is as the following.

The comparison of monthly variation indexes showed that the
monthly variation indexes for September and February were 1.11
and 0.84, respectively, in turn revealing that the maritime traffic in
September was about 32.1 % larger than February. Also, the daily
variation indexes for Tuesday and Sunday were 1.05 and 0.92,
respectively, in turn revealing that the maritime traffic in Tuesday
was about 14.1 % larger than Sunday. Therefore, if the maritime
traffic investigation is made in the month and week with low
maritime traffic, each variation index should be applied to reflect
the actual maritime traffic. Also, it is suggested that the maritime
traffic investigation should be made on Tuesday, Wednesday and
Thursday in either September or October when the maritime traffic
is relatively large. When the maritime traffic investigation is
executed for at least 1 week in consideration of the daily variation
index, it is possible to reduce the maximum standard error rate to
be within 21 %.

Since this study suggest an error rate of the maritime traffic
investigation by variation index and observation days, it is possible
to detect the maritime traffic flow by month, week, and hour.
Thus, it could be utilized as data for the maritime traffic
congestion and flow evaluation, which is to evaluate whether a
fairway could accommodate the volume of maritime traffic, as well

as setting of speed limits and improvement of fairways.
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