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AIS: MEIXSAEAX|( Automatic Identification System)
SOLAS: sif&RIHOEMSICK International Convention for the Safety of Life at Sea)
IMO: ZH|3HALZ |72( International Maritime Organization)
IMF: Z2/|E3+7|7( International Monetary Fund)

Chb: Mg} 8i54H| M| 4=(block coefficient)
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Ship Draft)

DWT: Mzts2ES(Dead Weight Tonnage)
GT: &=2(Gross Tonnage)

L: «gt Z0|(Ship Length)

LWT: Zots2=(Lightship Weight Tonnage)

NT: &E2(Net Tonnage)
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EXECUTIVE SUMMARY

1. Purpose

= This study aims to develop and present a model to estimate

maritime traffic in real-time utilizing AIS data.

- Recently, Areas for utilizing AIS data, mostly used in the
maritime sector, have been expanded to shipping.

- Initially, the use of AIS data in shipping was limited in identifying
patterns of trade by analyzing the tracks of ships.

- At present, however, the scope of utilization has expanded by

combining them with ship description data.

= Despite intentions of providing data-based timely information
to the government and shipping companies, difficulties in
securing data have forced the industry to depend on foreign

press.

- In analyzing shipping market conditions, securing maritime
traffic-related data is important as they pose the biggest impact

on ocean freight in terms of supply and demand. However, due
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to the varying time of public announcement depending on the
situation surrounding data providers, the industry has faced a

number of difficulties in securing the right timing.

As a result, analysis of trends had to be conducted following
the time at which data providers' announcements take place,
thus most analysis may end up with ex-post analysis, while

creating an environment heavily dependent on foreign press.

Methodology and Features

Suggesting a model concept capable of estimating

real-time maritime traffic volume

Being unfamiliar concept in Korea as of yet, this model
combines AIS data with ship description data, estimating the

maritime traffic volume in real-time.

The concept of real-time refers to the minimum unit of time
as the interval of generating AIS data is short, allowing data to
be processed whenever needed and then to be utilized in

estimating maritime traffic.

In addition, the concept of real-time is limited in this study as
users with an intention to utilize maritime traffic are able to
use maritime traffic-related data in accordance with algorithms
suggested by the model whenever a user wishes for the duration

of time they desire.



EXECUTIVE SUMMARY

= The majority of data is centered on major countries. In
particular, as the cycle for generating data has been too long,
the data has not been utilized in analyzing shipping market

conditions or establishing models.

- Some of the maritime traffic statistics have not been announced
while statistics have been mainly oriented around major
countries.

- Statistics regarding major importing and exporting countries’
maritime traffic statistics of major cargoes are available.
However, these statistics are generated rather infrequently
(annually), the utilization of this data has been low in terms of
analyzing shipping market conditions and establishing a

forecasting model.

= This study broke down the cycle and type of maritime traffic

data and made suggestions.

- The model was designed to generate maritime traffic statistics

of major terminals in major countries by the type of cargoes.

= The suggested model is designed to estimate the trade

volume.

- There are many studies that have identified trade patterns by
analyzing the tracks of vessels, but studies estimating the

maritime traffic volume remain few.
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EXECUTIVE SUMMARY

Trading volume of iron ore

Australia ‘
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/
T

-

Source: Prepared by the author

2) Designing of "AIS-SHIP,, a new estimation model of

maritime traffic

= The model suggested by this study consists of three modules;
the purpose, roles and constituents of each model have been

formulated and proposed.

= After conducting an in-depth analysis of cases of
constructing real-time maritime traffic data and drawing
implications, this study determined the overall concept and

design direction of the model.

3) Proposing an estimation equation for "AIS-SHIP,

= After identifying areas for improvement based on the

XXi



analysis of preceding studies, this study proposed a new

methodology.

= This study proposed two equations that are able to estimate
maritime traffic volume by converting the difference
between the volume ratio in accordance with a ship’s draft

and block coefficient into a ratio.

= The estimation equations were verified after analyzing the
relations between elements targeting actual ships, and then
comparing the relationship between the cargo loading

capacity of the ship and specific elements.

= This study ultimately verified the effectiveness and utilization
of estimated equations by applying the equation to actual
ports and estimating maritime traffic for the duration of 11
months. The results of estimations were compared with
actual data while conducting an empirical analysis by
comparing the estimation equations proposed in preceding

studies and proposing suggestions.

Existing models for estimating real-time maritime traffic

Classification Data | Dependent variables Characteristics

* Dead Weight . Esti h
Tonnage (DWT) stimate the cargo

IMF(2019)8) _ volume utilizing the draft
. AIS * Draft (maximum, atio
GTI . operation)d
(2019: .Shlp i | * Dead Weight
escri | * Dead Weig .
2020) IMF(202 ption | Tonnage (DWT) . Es|t|mate tt'?e' cartgho i
0)10 « Draft (maximum. volume utilizing the dra

"
light weight, rate
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Classification

Adland, R.,
Jia, H., and
Dead |Strandenes,
Weight | S. P.(2017)
Tonnage
(DWT) | Shibasaki,
model11) R., K.
(2017; Kanamoto,
and T.
2020) Suzuki.
(2020)
VL Model
Cargo PL Model
payload
model12)
(2019)
Reg(7)
Reg(8)

Source: Prepared by the author

Data

Dependent variables

operation)

* Dead Weight
Tonnage (DWT)

* Dead Weight
Tonnage (DWT)

* Load Factor

* Block coefficient
(operation, plan)
* Length and width

of a ship

* Draft (operation,
plan)

* TPC
* Design draft
* Load factor

* Dead Weight
Tonnage (DWT)

* Length and width
of a ship

* Draft of a ship

* Type of cargo and
berthing port

* Dead Weight
Tonnage (DWT)

* Result of VL model

EXECUTIVE SUMMARY

Characteristics

* Develop load factor per
port

* Use block coefficient

* Block coefficient during
operation is estimated by
the draft ratio

* Design block coefficient
is calculated by
simplifying it as LBD

*Use TPC

* The load factor of ships is
limited to capsize
vessels, and fixed to
0.775 based on the
results of other
manuscripts.

* Regression equation

e Utilize DWT, type of
cargo and berthing port
as variables

* Regression equation

* Require dependent
variable data of VL model
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3. Results

1) Summary

= The model suggested by this study consists of three modules;

the purpose, roles and constituents of each model were

defined.

- Data integration module is the process of enhancing the quality
of data analysis through data refinement as well as integrating
individual data through integration and extraction, ultimately
boosting the performance and efficiency of calculations by

reducing data storage.

- A filtering module is the stage of analyzing trade patterns of
each cargo or ship, simultaneously performing two processes.
This is a prerequisite process that must be done before
estimating maritime traffic. An estimation module is the stage
of calculating maritime traffic volume based on developed

estimation equations.

8) Arslanalp, S., Marini, M., and Tumbarello, P., Big Data on Vessel Traffic: Nowcasting Trade
Flows in Real Time, IMF Working Paper, pp.1-34, 2019;
9) Draft during operation refers to the draft at the time of entering or exiting a specific port.
10) Cerdeiro D., Komaromi A., Lui Y. and Saeed M., World Seaborne Trade in Real Time: A
Proof of Concept for Building AlS-based Nowcasts from Scratch. IMF Working Paper,
pp.1-44., 2020
11) Adland, R., Jia, H., & Strandenes, S. P. , Are AlS-based trade volume estimates reliable?
the case of crude oil exports. Maritime Policy & Management, 44(5), pp. 657-665, 2017,;
Shibasaki, R., K. Kanamoto, and T. Suzuki., Estimating global pattern of LNG supply chain:
a port-based approach by vessel movement database, Maritime Policy & Management,
47(2), pp.143-171. 2020
5) Jia, H., Prakash, V., & Smith, T., Estimating vessel payloads in bulk shipping using AlS data.
International Journal of Shipping and Transport Logistics, 11(1), pp. 25-40, 2019.
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EXECUTIVE SUMMARY

The concept of TAIS-SHIP,, a model for estimating maritime traffic

Data
construction

Data integration

Developing algorithms of estimating maritime traffic volume

Filtering Module Estimation module

module
4 b s
< > < >
L : Module for identifying TS
AIS Ship filtering ey Module for estimating
module e maritime traffic
Settingthe | | : | [ Deyeloping
~s [ I QNN o IR
[ > 3
| A conditions 4 :
E ‘ i E : Verifyin

Ship
description DB

Source: Prepared by the author

Exploratory E
! analysis £ on

estimation
equations

Details of "AIS-SHIP,, a model for estimating maritime traffic

Data Data filtering module .
L . . Estimation
Classification| integration Ship t Port module
module PYPE arrival/departure
Create an Identify ships’ | Produce maritime
. Extract specific | arriving/departing | traffic data that
Purpose analysis ships orts in a specific h
environment P P P secgre_s'_t ©
port periodicity
Construct | Extract data of Identify Develop
data specific type or | characteristics of estimation
Method following | model of a ship ships equations utilizing
specific after setting | arriving/departing | AlS data and ship
standards conditions ports descriptions
Develop
. Al . i imati
Constituent S datg Condition Scope setting estimation
S DB of ship setting Exploratory equation
descriptions analysis Verify estimation
equation
* Include . , * Able to set port, | » Utilize ship
Characteris | simple Tb:—ﬁrrig:;? nation and description
tics pre-proces E stFe)a . period information
singsuchas "9 3%0 * Analyze the during the
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Data Data filtering module

T . . Estimation
Classification| integration . Port e
module Shlz ee arrival/departure
g;e process pattern of development
establishm arriving/departi | stage .
ont or ng ports ex) Dead Weight
brouh s | Tomge OV
of data ete.
Integrated Major ports’ Maritime traffic
data Extract the data £ ohi | f
connecting | of specific type patterns of ships volume ot a
Outcome arriving and specific port
AlS data and | and model of d )
. ) eparting ports as Weekly,
DB of ship ships well as trade thiv_based
descriptions monthly~base

Source: Prepared by the author
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The estimation equation of the "AIS-SHIP No.1, model is to
estimate the maritime traffic volume of a specific port by
utilizing the volume ratio in accordance with the draft of

a ship.

The relationship between constituents of the estimation
equation and basic statistics as well as Dead Weight Tonnage
(DWT), which represent the maximum cargo loading capacity

of a ship, were analyzed and then presented in the results.



EXECUTIVE SUMMARY

Draft statistics of ships arriving and departing ports in South Africa
Unit: ton for DWT, m for draft

Elements DWT Design draft Draftof port | Draft of port

arrival departure
Minimum 80,962 14.43 7.40 5.10
value
Lower 25% 177.814 18.07 10.50 17.90
Median 180,391 18.22 10.50 18.20
Upper 25% 206,204 18.30 10.60 18.30
Maximum 327.180 22.10 18.20 21.50
value
Average 189,192 18.15 10.53 17.65
Standard 36,244 1.04 0.98 1.93
deviation

Source: Prepared by the author

Correlation between DWT and block coefficient of ship
(a) Correlation between DWT and block coefficient of ship design

1.50

D Block coefficient of ship design
--------- Average block coefficient

0 = Average DWT

1.00 ! Eﬁ 0 8
o - N

o
b o
a
u}
0.50
80,000 130,000 180,000 230,000 280,000 330,000
DWT (ton)
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(b) Correlation between DWT and block  (C) Correlation between DWT and block

coefficient at port arrival coefficient at port departure
1.50 1.50
) [ Block coefficient at
D Block coefficient at port arrivall port departure
o e Average block coefficient 0 [ Average block coefficient
n] at port arrival ] at port departure
= Average DWT —— Average DWT
0 n}
o 0
1.00 % g 1.00 nD o
o o
i 0 0
i ao a ; g 8 fig @ !
B B 0
j 0 o i g o
0 00 o 0
1}
0
0.50 0 0.50
80,000 130,000 180,000 230,000 280,000 330,00( 80,000 130,000 180,000 230,000 280,000 330,00(
DWT (ton) DWT (ton)

Source: Prepared by the author

- d2 — g
AIS—SHIP™' =Y DWT, x ————

. ? - d.'.de_:r_ af
Where,

AIS—SHIP™'is the maritime traffic volume of a specific port

during the time f;

DWT.. is the DWT of ship that arrived and departed 7 th at the

time of #;

d;"is the draft of ship at port departure that arrived 7 th at the

time of f;

4" is the draft of ship at port arrival that arrived / th at the

time of t;
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EXECUTIVE SUMMARY

dse= is the draft of ship design that arrived ith at the time of f;

Correlation between DWT of an actual ship and the estimated result of

FAIS-SHIP M|
330,000
[ |
[] Estimated result of "AIS-SHIP No.1, % |
280,000 | e Type of ship (Estimated result of "TAIS-SHIP No.1,)
L
230,000 (=R
; %'-‘ )
180,000 g
5 ]
=
130,000 I =
- O o
g5
80,000 — o
80,000 130,000 180,000 230,000 280,000 330,000
DWT (ton)

Source: Prepared by the author

- This method possesses an advantage that the ratio in accordance
with the level of cargo loading when arriving and departing a
port can be reflected to the results by utilizing the change of
draft values of a ship. However, it poses a limitation that the

draft of a ship is recorded manually, reducing the accuracy.

= The estimation equation of the TAIS-SHIP No.2, model is
designed to estimate maritime traffic in real-time by
converting the difference of changing volumes of ship into

a ratio.

- This study analyzed the relationship between constituents of the
estimation equation, basic statistics which represent the
maximum cargo loading capacity of a ship and DWT, and then

presented the result.
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Basic statistics of block coefficient of ships arriving and departing the Republic
of South Africa

Unit: ton for DWT, Non-dimensional number for block coefficient

ltem DWT Design Arrival Departure
Minimum 80,962 0.60 0.52 0.57
value
Lower 25% 177,814 0.81 0.77 0.81
Median 180,391 0.83 0.80 0.83
Upper 25% 206,204 0.89 0.86 0.89
Maximum 327,180 1.30 1.36 1.34
value
Average 189,192 0.85 0.82 0.85
gtaﬂd?rd 36,244 0.08 0.09 0.08
eviation

Source: Prepared by the author

Correlation between DWT and Block Coefficient of ship
(a) Correlation between DWT and Block Coefficient of ship design

1.50
D Block coefficient of ship design
--------- Average block coefficient
0 o = Average DWT
u]
u]
1.00 g8

u]
u]
0.50
80,000 130,000 180,000 230,000 280,000 330,000
DWT (ton)
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(b) Correlation between DWT and block

coefficient at port arrival

EXECUTIVE SUMMARY

(C) Correlation between DWT and block

coefficient at port departure

1.50 1.50
[ Block coefficient at
D Block coefficient at port arrival port departure
o | e Average block coefficient [ Average block coefficient
at port arrival at port departure
= Average DWT = Average DWT
0 0
1.00 % g 1.00 g 0
] 0
0 g i
ho o ] j - fgo @ 0
g 3 B i Op
o 0 0 0
0 g0 0 !
]
0
0.50 L 0.50
80,000 130,000 180,000 230,000 280,000 330,00( 80,000 130,000 180,000 230,000 280,000 330,00(
DWT (ton) DWT (ton)
Source: Prepared by the author
o5 | et — |
AIS—SHIP™*=Y DWT, % ——«——
: | ova, — a7 |

Where,

AIS—SHE ™is the maritime traffic volume of a specific port

during the time t;

DWT..is the DWT of ship that arrived and departed i th at the

time of t;

(s the block coefficient of ship at port departure that

arrived and departed i th at the time of
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@5"'is the block coefficient of ship at port arrival that arrived

and departed { th at the time of t;

Cbd; is the block coefficient of ship design that arrived and
departed / th at the time of #;

Correlation between DWT of an actual ship and the estimated result of
"AIS=SHIP N2,

330,000
[ |
[ Estimated result of "AIS-SHIP No.2, §ﬂ
280,000 | e Type of ship (Estimated result of "TAIS-SHIP No.2,)
g8~
230,000 (=
180,000 gg
5 ]
T
130,000 0o o
=R oE 0§
- 5 3]
g5
80,000 — o
80,000 130,000 180,000 230,000 280,000 330,000
DWT (ton)

- Finally, this study compared and presented the results of

estimation equations suggested by major preceding studies with

those of estimation equations proposed by this study.
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Comparison of the results (Maritime traffic)

Unit: | million ton

Real data

(Comparison data)

Suggested model

Existing model

Category
Clarkson'® Bloomberg!TAIS-SHP® ' TAIS-SHIP® | pwT | C8r®0
payload
Total 6118 4952 49.42 4945  52.03 50.2
Average 5.56 4.50 4.49 4.49 473 4.56
gtaf‘d?rd 0.64 0.58 0.63 0.60 054 056
eviation
_ 100 - 80.78%  80.83% 85.04% 82.05%
Ratio (%)
- 100 99.80%  99.86%  105.07% 101.37%

Source: Prepared by the author

Difference of estimated ratio of the model vs. comparison data
(based on total sum)

Unit: 1 million ton
0y
25 M Clarkson [l Bloomberg
19.22% 19.17%
20% ° ° 17.95%
14.96%
15%
10%
5%
0.20% 0.14%
0% —]
B byt
-5%
-5.07%
-10%
TAIS-SHIP, No.1 TAIS-SHIP, No.21 DWT Cargo pay load

Source: Prepared by the author

13) This is the ratio of the sum of estimates compared to the total sum of maritime traffic of
Clarkson data from July of 2020 to May of 2021.
14) This is the ratio of the sum of estimates compared to the total sum of maritime traffic of
Bloomberg data from July of 2020 to May of 2021.
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2) Suggestions

= Being a basic study for developing the ‘AIS-SHIP’ maritime
traffic estimation model, this study concentrates on securing

the timeliness of maritime traffic volume.

- The primary focus of this study is to review the possibility of
utilizing AIS data, verification of estimation equations of
maritime traffic based on description data of ships, and

reviewing the possibility of actual application.

= This study confirmed that the timeliness of maritime traffic

data can be secured.

- Securing the timeliness of maritime traffic data has become
available. In the process of conducting this study, the data was
announced, hence, omitted as the meaning has faded. But it was
confirmed that securing the data before the time of data

announcement is available.

= The scope of this study can be expanded to forecasting

models by introducing a variety of methodologies.

- Although a number of relevant studies have been conducted
actively, they still remain at the initial stage. With the
establishment of a variety of methodologies such as traditional

measurement and Al, a model capable of estimation and forecast

should be developed.

= It is necessary to continue developing a real-time estimation

model of maritime traffic.
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EXECUTIVE SUMMARY

A variety of limitations still exist including the ones from the
research perspective. There are limitations in terms of budget,
time and manpower to purchase AIS data, develop a model and

push for actual service.

It is expected to create an environment in which continuous
effort results in the development of a model which is able to
identify the change almost in real-time and analyze from the

perspective of demand that directly determines the freight rate.

The results calculated from an estimation model of maritime
traffic will significantly contribute to the extension of

forecasting period of a forecasting model for freight rates.

It is essential to develop a prototype which can lead to actual
service, while pushing forward a joint study between

universities, industry and research institutes.

It takes a certain time from developing a model to rendering
a service. In the case of providing statistics, in particular, pilot
projects should be operated in multiple times to secure the

reliability of the model.

The implementation of a joint study between universities,
industry and research institutes in the shipping and shipbuilding
industry will construct a user-friendly interface and able to offer
service. Moreover, it is necessary to advance the quality from

the theoretical as well as technical perspective.
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5) IHS= Of|LAX|, RESX}, SIXFRH £0H0]| E515HHE (0|, Markit2 20015 M2l 0|2 TLOfRE2IKEK |4
(PMI) & ZHIXIE EAHHA F2Z2 LIEFH SIALZ 2016E0f = SIARZL ol IHS MarkitO| EFZHCY
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FATE A= A A5 1 ANEE =&

2AHO R sMEET FHLFS Masteta sk S A3
of A Aottt £ A-FoA] AAlok= TAIS-SHIP, shEEE FH5
P2 AIS Hlo]ele} At Al HlolHE E85to] A AlA shEsds +
Aot BYE o] 7hsstEE 1ot wo|t), AFEET Byl B4
AA] def REE& Uil 2 Bgof sl AAls] Asiitt
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o 7h0] HEEAE B4sle] 2g4jo] Ao Bk A FAY

glom, o|F B9 SWBFFL 34 Motk AAE AFAA.
AN E A3GoA RIkRE TAIS-SHIP, RS T8o] ASRAS

S5l B vlw-BAT A2 AASHYL 20209 7ERE 2021
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A HlolEE ARE-3H TAIS-SHIP, 611”%53* R it AS5EA
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A5 A7) AEY Hieh AR} QIER 52 B3 TAIS-SHIP,

o] gl o %6}%}. FAIS-SHIP, 2&@7H4re] A& Q1 H&2
e FYot= Aolth shA|TE AA|7h] Z-SHAA £ T 9=
FA% FEFTFL ol A3 =0 A &go] 7153t}

Al
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H3E uda+ HE

ojAH sfAtdel Hiet F840] EoMle Tl eSOl it
HeE =2 diS0] o FolRd U sfate] We et se-= R
aHoR FHT 5 Qlong RS BT FH AT

Rl

VIEed A0l tigt AeAQl ez s AHAEA, AAL 24,
SR, HloJA|et 5o] Jlom F8 AFPAFE AuHEH (& 1-1)I} Lot

YSIN; YHE(ZS) S e /Y
ARIMA, offet 1994~2014
1 A0 UBtERRy  szussR | WK
. PR,
9 Veenstra and Vector Error-Correction 2oy n2 1962~1995

Haralambides(2001) Model(VECM) o7t KjE

MEN) 222

6) SHYLAR (GRS T HEME, PORT-MIS)



KAt YHEEY) Er=hisy Az R

Brocker,

3 | Korzhenevych and z2oy e 12?73;7324
Riekhof(2011) il

¢ 7?;%053)% ° gasy  ZEOMBEE oo

6 1 9J(2018) H[O| K|t 0|2 22_;);?;7

Xt=: 2EHH(2015), pp. 69~84; Veenstra & Haralambides(2001), pp.311-319; Brocker,
Korzhenevych, & Riekhof(2011), pp. 37-44; 5 -ZIMH - Z184(2013), pp.765~782; X=X
(2010), pp.177~199; 11E< 2/(2018), pp. 1~2162| A2 E HIEHOZ XX} &ty

AAE RZ2Z dlolE7F Il 7HAAL Qe Afro] E40] WaHA] ek

AZ 715, mo%}%‘, 2ollH 5 AAEE JEEFA, €8, ¥HE 5=
FZ0}0] d|Zof &-8ol= A54 B ARIMA(Autoregressive Integr
ated Moving Average)@r 7o A wHo g FLESE 4 itk

SEAT B B AAY dols7t AEE 7H7] g o
232l ARIMA(p, d, @(P, D, Qs =93t

(2015), pp. 69~84.
(2015), p. 71, M2IL: 24 £H=2(1985), pp.125~126.
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0,(B°)0,(B)
¥, (B)D, (B )vIv?

zZ; = a,

o,(B)=(1—&,B — &, B* —— &, B"),
=01-B)"v,=0-B)
0o(B°)=(1—0,B—0,B* —-—0,,B%),
$(B)= (1— ¢, B— B ——1,B’),
6(B)=(1—6,B—0,B——6,B")

Veenstra and Haralambides(2001)9% tHHEF AlAE LS &85t
T8 FEE dAAER, B4, = A ARY 7Y 555 55t

£ 975 FP6IH. & dFoME W 9 552 ASsH] fs 9
E QA 2P (VECM: Vector Error Correction Model)S ©|-&5}%
o Ay} WE oA By o] ARMH(ER, A, I, Aol gt
Z7] d&go] Hold Ao E YTt & AolA =& HE AT
B o2 £k

AX, =0(0)+ X2 WEAX,_ +af AX,_ +u,

FYEFL A9/FH(zone) Tt BB $2EF F45l= d FefFolar 74
o] gth= 3ol Slof A9/+9 Tt FA(EBD)E Fok= v =2 &8
Hrt. Brocker, Korzhenevych and Riekhof(2011)102 FHLFS A}
&oto] 78 A9 1 E5FS ASste HHES ARbsisith

9) Veenstra & Haralambides(2001), pp.311-319.
10) Brocker, Korzhenevych, & Riekhof(2011), pp. 37-44.
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Y= A7 o)A AY 19 199 244 GDP

e E G 7 4B v

He - e - AEA8Q013)1D2 A (FTAR BAEE 5ol &

HolYEsZol A= TS TIPS Z]) E45Ht 2011 d 7]
& ZAHOIUEEF 10,000TEU o142 6371 A Y=& thio s ASEA
< 9% 2= v Aok GDP7F Y= 7+ ATt F7ksHA H*Pg
%ol oju, n9= 1+ ATt SIS tETHol At
AS ERISHIH olF Ao= Aeste] UEhH thaat At
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In Trade (Con)ijt =, +6,In (GDPit- GDPjt )+ Byln (pcGDPit-
‘pcGDP,, )+ Byndist+ , FTA; + ., (ASEAN+3),,+ s EU,; +
uNAFTA, + s MERCOSUR,;+ p;; +€;;

ol7]A,

InTrade(Con),;, = tAA =) nI9FH=() 7+ AU ESH
FE+)

GDP,GDP, = tA1A ¥=3 ndti=9o] SRlaso] &

wGDP-, GDP,= tAIA qhat A= 1909 91459 &

dist;= i=3 j=2 A9

FTA; = 353 Q=] FTA A2 R (Huds)

(ASEAN+3),= Fdol=7tag+3t, 5, 4 71 AR n¥s)

NAFTA; = NAFTA 7} olR(elu]@=p)

MERCOSUR,i= MERCOSUR 7}Y] oi5{(Hu| i) E Lt

FEHE02010)122 GFAARFL AAE BAES 53 FEUesTS

Azttt $EUEEZo] JFe v
g3 theret Wal BEeke A

12) E2%E(2010), pp. 177~199.



AAL Hole7 A 24, £8 50 4RS Wz 2P A
Ak T Tk HIBEFY Fol2 welst] Sof £5Y FEE
dole Ealste] B8 charslA LHS ol ol AL,

Y = bixil +.. +bpxpt +b, te,

8% 2(2018)1¥)= =5 ElolE 7= A3 P9 d54ds
Oﬂ o i]% FF= ooty Al HolAt FE(Bayes’ inference)
483 A3 IATHAZ ALSIA. HoAt FE2 $AH F2 U
o sigstt, FEE4 B ZAE sHEsks "4l ot 2ol

HolAjeh #22 B WIBEFS FHT & Ak 4 A,

Yy = By Xay By Xy + By Xy, + By Xy, e

{71 A,

13) 1< 2|(2018), pp.1~216.
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y,= ZEolY e A5 dE(exponential growth rate)
T, = T997F GDP A5 AFE

1, € T Y2 S5E AT 4BE

=
re
Ok
>
olr
]

-HHOIE(0f| 7|ttt ShYEST FHAT

2 29 Aolo] SWEES slolHe] HANE S| Sat Az
HpoE 81 Hopol Hglolel 2 7HIE AB7RIE ALS HolEle} 43 At
A HY71% F el ATATS B IIBEFS 2

39 APske A7 sl AW Uk oot Bt AYATS
chea} o] 4w Rgk,

(1) Mdt Rigd B0t Q73 AIS HOJEIS 2]

2 752 9% dolg 2719 WAE FB3] 915 201098
58] 7% St Qb HololA] 2 TEEE AIS HolelS A Al
AABte] HYBEFS Tk A7k Uehbr] AlEe.

2719] AIS HolEE B ATt HYBEFS AW FHoE A7
BTk ] PHE ol 3] WY WHS FEIE A7t RS o] Rt

(A&, 2019; Kaluza et al., 2010; Halden, 2019). AIS t|o]E]e} Aut
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AY BEE A sMd=sdS FY5k= A+((Adland, Jia, and
Strandenes, 2017; Shibasaki, Kanamoto, and Suzuki, 2020; Yang
et al, 2020)= 20199F¥ 254 HeY7] A2t oE W EC] B4
O APt gow, Aide s 1 471 A E3F 202000 Al=E A+

2 ASshart ING AH] YBEFES FH5H A7 AsEH B
ol 288 ATE oby A% wAo] kst

Shibasaki, Kanamoto, and Suzuki(2020)19+= AIS ©|o]E]2} Aut A|
% FJEE B3 HolHE B4 Aute] A& o|HE FE5H, LNG
< WACE EETTFS FYoke ZFS Aottt

IMF(2019)15+= E4 A9 =EFHMalta Ports)9] siiEsH 9 o
A= AIS HlolHE &85l F4stAt Al=slitt. & 7= &3 54
717t ZEFe] st Aute] =& g4tel AlAsk= A|E(Cargo Number
Indicaton)@F 22 717+ 433t Adto] Az 2SR 2Aslo] AlTsl=
SH=9] A4 A 3H(Cargo Load Indicator)E AAIoFATE.

k= AA ARE olgsto] PO HA FETT FolE IRIT 5+ A
Aot ot AR 3k AA A e AE] A& S50 HlethE 11
Sff AA AHke] s Zpol7t EAgt= oA

Yan et al.(2020)10Z AIS Hlo|HE &85 Aute] Y&} ol
6}—1—1 Aate] AolsESet HEuAA(Ch: Block Coefficient)2] £

o7 JRE=TRS A5 AF ALt

o

o
T

Jia, Prakash, and Smith(2019)17% AIS Hlo|HE &&3 &4 <] A

14) Shibasaki, Kanamoto, & Suzuki(2020), pp. 147-149.
15) Arslanalp, Marini, & Tumbarello(2019), pp.1-34.

16) Yan et al.(2020), pp.1-15.

17) Jia, Prakash, & Smith(2019), pp.25-40.
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AEA]

Mo
or

2010 $xto] yeht E shto] A 559 £4 715k
WFETTFS F95ke A+E Zol 243E 0t HoltiXie, Qian,
and Yang, 2019; Ding et al, 2019; A&, 2020). Chen and Chen
(2010)18 HH oY PHEsFE Sch] Al Fa4 d1=sZ &
&3 2EdS F5SH3I

Xle et al(2013)192 FUHEFF] AALDE EAS FE310L ol& A
FEMEMA duFo] L3t JESRP L =190, o] ATE 5
(0]

o

s AEA = AAIE HolH 9 E4e FE3 dPHsE 882 7
O o]=x
=2

299 o Aso] FyHE 2

Xie, Qian, and Yang(2019)20& QIFAIAY RS & )
T2 For=T, oldf =T TlolE Y Mede g AN
9] sl9l golE3l WHEKWavelet transforms)OZ djAstal 1 EXS
&9 JYHFE S83hs XS 2=t Ding et al(2019)2D2 A
ZEHEHAO|g= AFTA G EUHES E8ot] S JEF] HHo]
HEsE= dSsielt

Darendeli et al.(2020)222 7| &qto] Ag ol =95 o&317] 9

] [e)
3f QlZAAYY JAEAH U (Decsition Tree Regression) ¥12|&S

18) Chen & Chen(2010),pp.2054-2058.
19) Xie et al(2013), pp.2232-2241.

20) Xie,Qian, & Yang(2019), pp.178-200.
21) Ding et a/.(2019), pp.305-319.

22) Darendeli et a/.(2020), pp.842-852.
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20004t} 2H7HA] shdEss 8 T e iR AeAl AAE
P03} BAEA HP24S EEoh= 4lolqitt 20109 H] WA S
E5HS S Aol 7129 AN FARA Qo SR, Ho|
ARt 225, QA5 BE 5 M2 HEC] 57g5t7] AlFF. o
ot M AlS HlolHE 83 M=% W= A5t e Al g7
Y=o, ok

Zog AIS glole|e} Aut AYS 83t SAEEF
At EAH o7 S AJHLS 20204 o|Fth

20109t S871R] =849 SdEEE 4 B A4 BHE Azt
o]l UiFB4HGDP) ARE F2 &8s 2P A
AEElE HeE GA] A7E HlolE7t thEolitt. Azt 3

AMgoHE % tlolE 47t BE% BAIEES U 4 glon, oA

245 WIBEF oA gt BEFolTe WAL TR

SHARE SRS A7t Az dolelold e &
Holelg F2 AGH] the] Hele 7t REHom A7 YA B
o AHEE AT 0|24 A7 B4E xSt U,

23) VAR, VECM &0] QiCt.
24) 3= S0 UL
25) HO|X|2t 2ed2 BETO| I 7|9 -H24el0]
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shglo] o1 Bof A7) BEHE ARl BE% Yot ot
AFE B AIS Holel7t e BofollA] s AgEE A
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U QJoflA AIS dHlo|El9] &S Ffsta] S Hofo] H85}=
A7} M ] A Zolu FACl FJAIEEES =5l 1L
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EY
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FETT 794 At Bt HE AT SES AT EY ool 2t
IMF(2019; 2020020 A& &5 HIEZ o8t sWdE53S ALt
5 e FHAE ARtstylon, 11 At SRS B AAte R
mpotshs Hlof §-83hE HolFIch SRA|YE 2019800 AAIRE AofAE
AohleEe ALEfskA] oot siEET £ =t A HoljHoH,
22 AFHE 202090 o]E Esto] AR

Jia, Prakash, and Smith(2019)27+= ZshillesFE 1est7] o) A
o] HPH|AASE S8 o, AA| A& ABte] WFu[FA S Ao]
£ 0|89 =T Y5k A Attt

e

A=z o7t ZQ AU

2LHoIT

x| DY ZEHOIL SIS S O - ZEOILSS - ZEl0|USSY 2HRQl
g  5=¥9Y 22322 . wojxiot M2 HR5H S5
M| CIRANEE): DS 91 (2018) < HIOIXIQ BA  oS0) 342 Soft AR 2
1 e =R A ZE0|S Ente 8 HIE stZotiAt &
o S 0|5 23 HA c MHESAYY o H2E 7E0|4 SSS GDP,
T A DEL NS 259 0K, #8 52 0183

BRSSO K| MY IISES HAR

26) Arslanalp, Marini, & Tumbarello(2019), pp. 1-34; Cerdeiro et a/.(2020), pp.1-44.
27) Jia, Prakash, & Smith(2019), pp.25-40.
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Al ZHO| 24+« HIO|XIOF RHO| T 015 B
dE2 45 | of Hl 0I5 @Rt ZAsE A
g 29
© H|: AIS 7]2te] SZEX| &« AIS 7|8 2 |« AIST 7|8t S HAIX| 2] Al
A19EMHIA 87 2 A HX| SH2 Al M
* GITAAE): It 2/(2010) A *AlS Stigto=z H2| Y 2 B
« TS AIS 7|9t SR ER| R gmst 7l Be8 dAlz
[T 2 MH|AY £ U= S/W 2
o N Y olESEC - 0« ARIMA Zdut e HEE 2e|L2t ot ot
= FAY REZE | Yo M LS, AU F7| Y
COIPANED): Bl 2Ry UEEEL P24
(2003) cABHOWN - ZES MGt H4S0| E3
c REX: HMNSEE 0S 1} Yool ot Fe= 0|
710l 3t 24
© MY AISHOES 285t M« ZEEN |« AIS H0|E| 28 Hgto| o)y 7
U] SMmLIE 75T H0 5 A
et A * X YR HOfLHE Mool
* GTAEE): 22 2/(2012) HxS 2A510] 04 Moz
* GIPBN: AIS BIO[EIS 283! GLE
At S BLIERY
o THH|H: 7H! SEAE ARIMA |» ARIMA 28 | 71 SHAIE ARIMA ZSE =
o QIBAZADHS 0125 3 « oimpzyr o | UKD ABHAY 2EHI 05
Hes 2530 05 5 bl A
* HTRH(AE): ZEH(2015) * ARIMAS QIBHAL @& X7
TR SIASSY OIS = Soll AR OIE 2 AREH Of
= AA|
= =

-

DHHH: MEFAISHE S22 9/« AIS J[EH 32« AIS SADZES BZE 20|
SHOO|EHIO|A M 2 P& BX| EMLA | MEHAIS A0 PCE Xid 15
SITIRKEE): OJMA 9)(2010) A AlS HELE 7152 Qo MK

 HESX AIS HE S8 95t YHY X Y= =2 1510
D/B A7 2 75 MS-SQL H|O|EH0|AZ 15
Eraliay
o IIH|H: Multivariate CAAHE 2 = e VAR BEH = & 104 FHIIX|
autoregressive models for | VAR ZHE & 0|E2 $3SHATY)
forecasting seaborne trade | 8%t * =0 trade routes? AL, By
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W. &H. E.

Haralambides(2001)
o BX: FIMNBESF (S

* MX|H: The complex
network of global cargo ship
movements

* AAXHHEE): Kaluza(2010)

o A=A A WYY IE 2
A

° 1tK|H: Are AlS-Based trade
volume estimates reliable?
The case of crude oil
exports

° AAXHHAE): Adland et
al(2017)
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* IPK|H: An empirical model
for estimating berteh and
sailing times of mega
container ships

o HAXKHEE): Grida(2018)

o Gt A: RO HH0IH4 ML
TEIARE RS Pfet G Fet

* MHH|H: Forecasting
container throughput based
on wavelet transforms
within a
decomposition-ensemble
methodology: a case study
of China

* ARXKHEE): Xie, G., Y. Qian,
and H. Yang (2019)
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X
Xy
- oImeX: SpISsT AN OIR 2 MY

° IH|H: Estimating global | * SHEA] o MA LNG™e| 2t 53
pattern of LNG supply eIz Ny | & A TFEE 5 Uk FHoll &
chain: a port-based = o510 SHAESS2S X510
approach by vessel 1 A0E MR

" movement datgbase _ o Mel Xzt %¢ _z;f_g_#g}

o OIRXHHAT): Shibasaki, R., AlS HIO|HE E&ot0] &<
K. Kanamoto and T. LNG 282 F58t
Suzuki(2020),

o =X NG MEto| MA &

s
2 < I AISHOIE 7|8 oA E - ZAAZRAL o EX 5l010| QIE5t Ml RI==
s = o M2t oIHSE | &
o | OTEAKRE): ETI2021) - AFEXM o MEf RIMS E8%t oESH
T =N MNESEFE AT | ZYEM o=
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2
AIS BIOJE(0]| 7[Etet HASSY SHDH
AR 24

H1E e

A1 AZEAIAE AARE AAL, FHET, ol et S| HEH
PR ABASI HEolE 52 B89 HYBEBS TG B
£ AT Hgo] Bof ANA O Avugich. olyl Pt Aze A

AN ETF FHS Yok EAQ APA++= Adte] &3t
%#ﬂ]%% SF IMF(2019 2020) E28), Hﬂu NS HETE 715
83} A FHQI T

28) Arslanalp. Marini, & Tumbarello(2019), pp.1-34.; Cerdeiro et a/.(2020), pp.1-44.
29) Adland, Jia, & Strandenes(2017), pp.657-665.; Shibasaki, Kanamoto, & Suzuki(2020), pp
143-171.
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L =g olejel IS 4t A HlolEe)
153} SAESES 2435)7] Y8 AR 244]0] W40l o5

[e:]
o] IAE H¥oh= WAlo] Tell 7ol YA AESA

H2E 2 JHZEAR

1. IMF(2019) 2&30)

IMF= 20199 1299 &9 B34 (Working Paper)E &3l AIS o]
ElE &8 AHEIRIoZH AATIo R o)) EES HYEHSHL q
=5 4 9= Y dFA H(Indicators of trade and maritime
activity) S WHSIFL}. Y AFA FEE= EHT o] Jdst Aol &
£ A E3fet AuFEFA|E(Cargo number indicator)} E439] siAt&E

=2 H5}3o]E HoF SAESHRH(Cargo load indicaton) & T+

1) MutEstX|E(Cargo number indicator)

IMF(2019)329] AH-gdAH= IdFY 5 S| dFgst et
TYHE AT T, o] 43} o5 (centered five-term moving

average)% 01%611 JFstoto] Uehd A5 U3ttt

30) Arslanalp. Marini, & Tumbarello(2019), pp.1-34.

31) Arslanalp. Marini, and Tumbarello(2019)= IMF2| 2t H 1T A0f| A 2

Oft, B3 B8 5202 Yo,

32) Arslanalp. Marini, & Tumbarello(2019), p. 16.
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]_
Zﬂﬂﬂ?&%ﬂl, °ol= %ﬂ‘f °ls 8] ‘1‘7]7]'

!
£ WsislT 249 48 HRS 2487 99

g B4 qw0§ Mé}ﬂ ﬁﬂiﬁz}ﬂ—g Amsiet 2IE Eoift}
F43 201595 2018W7HA] EElgo] Alute
0Zo|H, 2879} 387]7} AlutES)efo] e A]7]
HAZO RN AEFAR] &8 7S B

(O8 2-1) SEIEe| MEISSIX|H $0](2015~20184)

TI9): Mt

140 — Original == 5-term Moving Average
130
120
110 | p
100 | st LI fl
w0 [f ‘ ol T (A P
8 i
70
60
50
40
2015-1 2015-27  2016-1 2016-27 2017-1 2017-27 2018-1 2018-27

Xt2: Arslanalp. Marini, & Tumbarello(2019), p.18

33) E==(2009), p. 53.

34) BEt= SR80 XIS MLI2I0IH, Arslanalp. Marini, and Tumbarello(2019)7F A2l H7Z £I3H
HIOJEf 27t 0I5 X901 SErRS MG JHLTH XRE A &80 S8 X7 88 754
X REY 52 H/lOIAL

TSSO o=
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2) A =SHX|E(Cargo load indicator)

s TARE IMF(2019)7}F sd=ade] Hefsolet d52 3]
Rt A He35 oFA ATt ARS AT ALS HlolE 2] AdHF 130
oF 9A| AHINE o &3 EFFY AHt §F 552 HAIKIl 7A =
ofstal d&e 4= U=F AAUNH, =5 TAE= AIS HlolEet A

D A
diy —d;y

CWI, =Y ;DWT, ,

DWT, = tA1d 5% 54l i) A3t At AHEFERDWT)

d’ = tA7 Zot oA WA Yakat Aluto] £3HDE Departure

of oppysh AlHOIH B4(d, drafy)

%

35) Arslanalp. Marini, & Tumbarello(2019), p.16.
36) MEfg AEE £ Qe 19 HMSE UoH 0IE =0 IMO &S, MMSI(Maritime Mobile Service
Identity) S0| CHEXQI Mut HE0f| sHE ST

38) MEfH|2 H|O|E| HE = AIS H|O|Eol| EEEX| 242 &0
=5 52 ZE71010f st

=
[
1z
10
ton
o
Op
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dl= A 59 BT iMA dWAE A YIS e
Arrival®] kgl A8ke] U3} Al E4(d, draft)

max(d,)}3= A5t A9 HolEeIA tA1d B Sl A AR
ute] Ay 848 Wik

IMFQ2019)& [4] 2-11% °l&sto] EAFY] siFE5T Fol5 F52et
oto] A EE Uerflo, ojuf AutEaA|Ee} nRZAR Hlo|E ] F7]
7t A5 SRR Fol ¥Eo] AXA HUA HAcks MY HAE
FHE} ol H TS ol&sto] Attt o] WHE WIEETAREY F
AIE Ttetd 5= LS JESTAR Fol5 BLEIRH(0]F3]-o]gH4],
2015).40)

li

IMFE= SAESHA RS 283t 2L (¥ 2-2)94 Boj&Eet (¥
2-2)+ 20159 5E 2018W7HA] SAEEFARE S8t EEFGO] ofi4r
E5 F0l8 HojF1 Qi)

ol2 £9 ZEko] SFEETo] 714 ol FetEd Aol 20164

595E ggolglor o)F FAs 7ash ks IS RS 54
slelal i}, ole} e AZRAL Fo) AXTto R HEES HEkle
mlotelis B Slol HIBESAES] G89 BE 15AS Slatelet,

39) 047 | et &I HO[E{Z IMF7} REHIEO R SHaist Auto) 3]
40) 0123|-0[8+4(2015), pp. 63~64.
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(O3 2-2) SErYQ| s =SHXIE 50((2015~2018H)
£I9): THaIEES
180 —— Original = B—term Moving Average
160
140 l
120 THY
g
100 | l : | |
I\ |

i :1] A !"‘: 4 l‘ l“i
20 IRHNIN BT L
60
40
20151 2015-27 20161 2016-27 20171 2017-27 20181 2018-27

Xt2: Arslanalp. Marini, & Tumbarello(2019), p.18

IMF2019)= =782 EE1g AT Adke] 34] B4 do|e4De} AlS
tlolEE HuEd 1 ZAiks (IH 2-3)3 gt AlS HoJEE B
A" Ak =71 34 B4 o Ei (BB} A7 k9] B} oF 20~30%
Z3} JA == o] RIS oo IMF& F¥ 4 TS Adf Al
2 2ol "ash]= 6}1% = 741@‘ 7re] AHEATYE Y- TS

FopollA foln|gl dlojgl2 &8 7540l

u
2:0.75)1 el T e

= 22

41) S 34

42) Arslanalp

28

SA HlolE=

HojF9ch4)

NSO(National Statistics Office)OllAl ZIAIBIC.

Marini, & Tumbarello(2019), p.19.
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(33 2-3) 27|28 SEY YEY M F0| bR (MLSSX|E vs SA! HIO|E)
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Xt&E: Arslanalp. Marini, & Tumbarello(2019). p.20

*J%%"‘%}L% d&ste H & 5}71 o Zgtelths 285 AlASIAH.

(O 2-4) SEF3O| SHAEEZ 50| H| I (GHASSLXAIE vs 24! H0]E)
- —— Official === AIS
130
120
110
100
90

80

70

60
Jan-15 May-15 Sep-15 Jan-16 May-16 Sep-16 Jan-17 May-17 Sep-17 Jan-18 May-18 Sep-18

Xt&: Arslanalp. Marini, & Tumbarello(2019), p.23
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2. IMF(2020) 23443)

k2 31l 20204 5o IMFE= AIS HlolHE &85 sEsFS &
UL 5 o e Hed 344 7idstar 11 24395 A9 B
TAE B YEFC 2019900 IMF7E 5839 sdEsE o1& AT
E 5 AES 2 SEARE /LS 205 FHFTE 20209« ©]
£ HYste] sdEsde AH AT o e A AdsteH, ol
(4] 2-219F [5+4] 2-3]oIth

o714

mtc”"= tAZE B9 BAY] YEYT Auo] 253 pIEETY]
E3HD, OL k7h 1017 Aeto] Ja¥et W), k7} 2019 Aldto] 23
);

Aoy = patiast
mtcHF = dwt, < z T [4] 2-3]
di,max _di,ball(zst
oq7]A,

43) Cerdeiro et a/.(2020), pp.1-44.
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Qi pattasrs THAl BEFTE Aol FoMJHE o AdHre] Z=

dye (A Addte] AEFT o AdHte] S Uit

[4] 2-3]% ol-&st] [4] 2-21F AXE & %E}. =3 MPJ &<t *‘Zﬂ E
HEEFS 257 Qe (4 2 3
S} 2% 4] EFSE 7T 7, 14 229 o] 791
B2 mic) g T},

IMF(2020)«= 71&9] 74412 7lAdstal o5 &8¢ siiEsd= 4%

=4 A3NE AZolsH#EE(Seasonal moving average filters)
o]-gsto] FHIIolIL o5 A= FFI| A EE LEIIEF 73St
o o] AEE GTI(Global Trade Intelligence)ztal 2|5t

i o

R

IMF(Q2020)= ARt shdEs< 8413 A 37t AARE SjulE whgsto
AIES AAEthL AeA ASs] A8 ASEAS AAlskaL 1 2
4 HloJe4det vlwsto] AAISHAH. oldf] F4] HolE= SHER HEt
T 7 Ho[H 9 o]F FolE Hluwahitt. 1 A¥k= (O™ 2-5004 B
—i—‘ﬂr GTI% % = 5% W= S4E *}0194 FEATE Y

0.68, ’\ZO] 0.462.2 e, U vlus) &0 AUBAT 2

>ﬁ o a2

44) CPB(Netherlands Bureau for Economic Policy Analysis)2| 24! siASS2F H|0|ELCH.
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0| H|(GTI vs 34! HI0|E)

(23 2-5) M| shMES= 52t

B

7 3
25

5 2
3 15

1

1 05

a5 “.' 0
-1 @ = = R o : 05
& £ E & B

g g = z2 g

3 (8 E g 8RR g

-15

& —GTI{) e CPB () ke

Xtz: Cerdeiro et a/.(2020), p.27
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3. MetsgdEsr 8E
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O

AetsderT BEE B8 MEsT FHEFold Adte] A&T A4
HE BAg 5 7 AEte] Al ol At FEDWT: Dead
Weight Tonnage)g €89 sesd= T4k H4lo|th

AekEeES2 Alute] QASES ol Aute] AotEe Aot &
ol Huto] LI 4 Gl BHEQ] Al F%L oJulsie], Autdow
Ask2 AL hEo] 7R SHES AT ST Zbgat o] 7
of 7)1z3) ABEFESE o8 HYBEFS Yoty o2 Moz
A [ 2-419} 2.

45) Adland, Jia, & Strandenes(2017), pp.657-665.; Shibasaki, Kanamoto, & Suzuki(2020), pp
143-171.
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Trade Volume, = ZDWTM [ 2-4]

o714,

Trade Volume, = tAI &% 5830 A Ee= SR AHF 5 29
NEsT
Aurel AslsgETS

&
r
il

DWT, & tA14 5 543l s U2
e

WA AT HF9 MEE ol&dl sHiEsdE Y%t ARATEE
Adland, Jia, and Strandenes(2017)Z} Shibasaki, Kanamoto, and
Suzuki(2020)7} i}, Adland, Jia, and Strandenes(2017)40)0= H-F-A|
&2 dFo g v AslsHESol 71Nl siEsdE Yot 4
A JODI Hlo|&47)2} vlwgto =4 ARt B o] 3412 ASdl (1H
2-6)3} o] AASFAT. (O™ 2-6)<2 HH Hlojge] AIZt 7t ¥
ojn] s tEsFe &7t #id(bbl, Barrel)o|t}.

46) Adland, Jia, & Strandenes(2017), pp.657-665.

47) Qil export data from the Joint Organizations Data Initiative Oil World Database (JODI 2016).
JODl is ajoint initiative for cooperation on energy market statistics by Eurostat, OPEC, IEA,
and other key organizations. JODI H|O|E= Eurostat, OPEC, IEA S0| £0{5t &5 O|LIME[Z0|
A YZHSh= MIA| R CIO[E L
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(J8 2-6) ¥} FYX|2t JODI H|0|E] H| i Zat

Xt&: Adland, Jia, & Strandenes(2017), p. 662

IMF(2019; 2020)48)2} 7ol o] G A= AIS HlolElE &-85f =
Zako =X

s3= 9517 Hzol ?—(weekly) 419l HEt A7} 7Fs5h, 45
A1) AeE AEstuzt ¥ glo|E]JODDS} A7 THoE e &

Asteiet. SHIEEFY dold HE A7k Eon), B Hojel}
Pz A2 AN ot 24X B9IS WEm sk

21 A3} 5 dole] 110 JReAZE Yom(gBAS: 0.52), AIS Hlole)
88 S S A7t HlaL dolEet fARE SEolgIT B
A7 ANE e Hofo] Az HolE(AIS Hlold, 4t A Hloje)st
Akt BYo] B TRsHe Bt

o

[©)

thgo2 AEET TS ko SHitste], 2013WE 20157t
A 39 &<t A A A FE= T 209 oW e 7442
e} JODI HlolEe} vluste] (I 2-7)3F o] A At

48) Arslanalp. Marini, & Tumbarello(2019), pp.1-34.; Cerdeiro et a/.(2020), pp.1-44.
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Id 2-7e Ed =T 929 vl HolE Y Aol 24

0.1%49)0] 4 Xt 657.7%,50) Bt 31.3%2] 2to]7} U=d], AP AolA
£ i) S A%, $fU9) SRS AYRL WY g AIs o
B A9 AT 0F Sol sEEHT 24X 71) Xjo|S WAAY)E

Aeloleka EAsiei.

(T2 2-7) M HA 91Q $2=2 5 491 209 0|LH2] SHAS S FHZTH2013~20151)

013 04 Pk

Volumes in

mbls Al ool Sliff AlS oni tediff Al5 1ol Sdiff
Saudi Arabia 148 753 -7 1316 5 -102 2352 0698 -128
Russia 1360 155 -13] 1282 0 -218 1383 174 -0
LJAE B35 M5 -7 937 94 04 341 63 1011
Irag (2R g7 -7 868 a0 =57 930 097 -106
Venezuela 657 463 423 (98 539 %5 713 530 M6
Nigeria 584 755 16 129 765 45 109 m -83
Kuwiait 663 3 -8 672 730 -78 6l i1 0
Angola 591 545 03 57 57 -8 S9E 607 -1
Irar 352 66 420 42 506 -166 439 6 116
Mexico 417 44 -102 410 45 -78 413 455 -03
Qatar 43 218 995 401 nr 7 406 179 1265
Norway bl 47 59 n 49 150 LR 451 -u3
Turkey 12 - 40 - 368 B

Oman 7 e -4 280 it} 45 07 7 10
Egypt 25 I 6977 53 43 4 11 5 3967
Colombia 145 257 ] 67 piit} 12 163 156 (8.3
LK 14 24 03 il bl 126 17 ik 9.2
Brazil 133 133 -4 189 189 -0l 12k 9 -150
Algeria 190 9 -7 170 0 -175 165 13 -W7
Nath. Antillas 142 - 161 - 139

Total top 20 11,47 11410 -48% 11493 11506 -0r 1z 1384 54
Top 20 seabome crude exporters ranked by AlS-derived data.
Xt=: Adland, Jia, & Strandenes(2017), p.661

49) JODIO|| 2fotH 201413 2{A|0t] HR =2 169 4,0002t HHO|RA2H, AIS= 129 8,200%t
HiZE 2HC,
50) JODIOY 215121 20134 OFELE | 2 4522 35008t H22 TARIZOLE, FEX|= 201 6,608t
22 S350} 1 o7} T2 Liekct,
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Shibasaki, Kanamoto, and Suzuki(2020)5D& AIS d|o]E]o]] 7|45
LNGA9] sEadE 95k A5 It APAFolx= A
To EHCE sFEsTEE FoHol A Aute] A o FfE (1™
2-8)3 o] wgith= 82 xRt

(J8 2-8) A& Mt 7= & X5t Al ME 2P
Laden shipping In-ballast shipping
Export port Import port Import port Export port
Export port Re-export port Import port Re-export port
Re-export port Import port Import port Import port
Re-export port Export port
Import/Export/ Inactive port Import/Export/
Re-export port (repair, laid up, Re-export port
launched)

Recording Suez/Panama
Canal transit Skipping other ports/anchorages

W

| Import port || Suez Canal || Export port | | Export port | Other ports, | | Import port
anchorages,
straits, ete.

Character of re—export port is estimated from the context

jrmport xpott
| Export port | | Re-export port Re-export port

E£xport \mport
| Import port | | Re-export port | Re-export port

XtZ: Shibasaki, Kanamoto, & Suzuki(2020), p. 147

51) Shibasaki, Kanamoto, & Suzuki(2020), pp. 143-171.
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WFEEFS 24 A7 (A9 2-9)9 P} 24A9} Hl@ Y]
g529] Zjol7} W 15% o2 ek}

(28 2-9) MASHEFL HolA+-E 018t =S FFRILH &X| L0
H

|[wAat
204 2013
Estirmancd BP Statistics Estirmanod BP Statistics
Rate ol Chiris. Rate of
1”“} J'”r:m inte Bil -.-\{_iil
m m ud
L\:I;;I' ton O}
4.3 | L7200 | o, 1000t | B9R | 16.230 |101.3%
55 0% L0 RE )
44 H9.4%, (1
Brazil [0 11k 4 [ikH}
Russia 140 95.0%0 1000 | 142
ey 6.3 o2 1% L0 34 3
Methertands 1] 131.2% 1000, 02 1 v-l 174 8%
Franoe 1.5 HE.6% L0 (X5 492 ) 9098,
UK 0.: 123.7% - - - -

S T [T 782 2% 933% | 76 | 3031 109,
Belgium 1000
2?;‘:'5;’; 132 Loee |103.9% — S T I EITH T
Cyprs 1] =

Vi i 100, 0%, 224
1000, | 149
Africa [EEITNEN Al
100,07 [
1 0. g
140011 5
Middle 10002, | 11
East [ 7.4
9
£ 302
28340 EER
Indone ] I7.377 | 100 1% | 20.095 224
: Rapik hicw | owsas | easn, of - N . .

Asia &

Pacific 53 hED3 | 979, L0075 9.3 T.OHT |101.3%
Eun.nh Korea 0l HY | 366.9% L0 - = -
Singapore TH |
India 03" 246 | 143.4% i -1 - - -
Japan a2 5
Tuotal 280072 o6 |IR4008 | 905% ETELLL 3 (260039 | 100.9%,

*1: Oher Asia Pacific. *2: Other Eu

COUNITies §0 re-gxport
countries significantly overestimated (more than 15%)
countrics significant]y underestinsated (more than 15%)

Xt&: Shibasaki, Kanamoto, & Suzuki(2020), p. 149

52) H|1 G|0|E{= ¥=9| 0|72l BP(The British Petroleum Company)OilA 2715t HIO|EIE AFR
SHACE.
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4. Cargo Payload 2%53)

Jia, Prakash, and Smith(2019)= AIS dHlo|E|e} Aut A HlolHE
gEolo] SETHSE FHSke Rt A2 AKIeH, olE Cargo
payload 30|} gttt AgPA+ V\ih % Lﬂ 7] A1 Attt
2] Z2AAL Muto] vlgu|H A 83t Variable Lightweight
(o5t 'VL 23"} thed A S O]‘Q“OH OH”EE & 745k ts3
A4 Reg(no) 5ol At
1) Variable Lightweight 2Z(VL 2%)

Jia, Prakash, and Smith(2019)= 48] WFu|H A5 o]-8af 4t

=g o] A3l AT AolH, ol [ 2-5]9F Zo] REH

7, = CyLBpT— Cpyp LBpT, + DWT, [4] 2-5]

v S0 dSIe AE 09 WETF

53) Jia, Prakash, & Smith(2019), pp. 25-40.
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Cpp & A 00 AT guH A
T At vo] A B4

DWT= et o] ASEFESS iy
4 2-612 ol g3le] [4] 2-512 AN 4 Urk
C=1-(1- cBD><£]i>§ 4 2-6]
Aq71A, Cyp= [A 2-712 AT 4= Qo

Cpp = LBT, [A] 2-7]

Ao A= A4l F- [4] 2-515 [4] 2-8]7 Zo] Ast &
g(x)7t BA 2AL =3 o [4] 2-919 [4] 2-1019] S thdstod sf

m, = Cyl.BpT— (CypLBp T, — DWT,)

— CBLBpT—g(:E) [}'\-1 2'8]
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g(z)= DWT,7} 209IDWTRETH 29 [4] 2-9]5 o] &5l [4] 2-8]&
FAEFTS 24512, DWIT, 7} 8.5UDWTHET ZAqF 209D WTH T}

e Aol 4 2-1012 ol8ste] SBEFS F2YotEs sl

g(z) =0.97LBT, < 1.05 % (0.076 —2.61 X 10" * < DWT,) [4] 2-9]

g(z)=0.97LBT, < (0.817— 4.86 < 10~ % < DWT) [4] 2-10]

2) Proportional Lightweight 2&(PL 2&)

Jia, Prakash, and Smith(2019)59+ A18}9] TPC(Ton per cm)E ©|
&oto] AUt siiEEEE FY0ke Ak Akl TPCE Ak
B S lomX HIA7|= ©] 283 =5 Wtk APt A
£ TPCE WEsto] Aol AAd IE3S FHstA Al=glon [4]
2-1113 Zo] Yephdt.

m, =100TPCpcT, [4] 2-11]

54) Jia, Prakash, & Smith(2019), pp. 25-40.
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c= 0.775(AF=A 0| ZA)

T= Aol 44 258 T3t

3) CESalHofl 71kt FFA Reg,,,)

Jia, Prakash, and Smith(2019)>5)&= A€}9] S IEEFS FH5H7] 2
S AH AJE ®g ek SO Y4E tsHA st vHE, & vl
HAAZ Zﬂ?l?ﬂ‘:]'.

)

S={AstsEET, A EF, AEF S5, AAA ) x|H], VLC}

s9] FEHTL R o|Fojd F 8FFY IS AderRen, ol
Reg,,°l2} gt} old) no=1,2,....80|9, 11 Azt= (19 2-10), (19

2-11)3} 2t} AGPATLoJM= VIFS0Q R?57)S 18510 Reg(7)T} Reg
® Z32 T I oz AFReH, 472 [4 2-1219 [4] 2-13]
o7 FF=EC}

55) Jia, Prakash, & Smith(2019), pp. 25-40.

56) VIF(Variance Inflation Factor)e LS & HE2AM0M THEEMM S THsh= O] 225 = TS
9| ZR HE 7o MEEA T =0t FHAL AFE 2 7| W20]| AH0]| 0| BX[5H | H5H VIF
ZAZ AA[BIC

57) R*S X211 T 510 XL HZ2 SloM QX MZ 2 §Ho B8-S LUaH, 00IAM 1 AL0[2] 2k
Zh=Ct A2 2401 00l 7245 3| HAS| M0 H2 AR SilA %M, 101 7/t Y
Ho| E A= ZtFoict
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(O8 2-10) MHSIEZHES A QAE 125 CiHZ 5|74 MA Znt
Model
! 2 3 4 F [} i &
DWT 0516 0.933 0.854  0.680 0454 0460 0491 0.934
(000 (89.8)  (59.6) (65.1) (173) (120) {123} (128 (160.7)
[0.000]  [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
Design —.586 5071 -3.823
draught (ou) L7 (-10.6) (-74)
[0.090]  [0.000]  [0.000]
Observed T.3H3 T.463 0927 6.835 6.154
draught (m) (12.3) (12.3) (132) (123) (10.6)
[0.000]  [0.000]  [0.000] [0.000)  [0.000]
LoA = 0.003 (0006 0006 0.005
Beam (m”) (5.2) (10.59) (11.2) (9.8)
[(0.000] [0.000] [0.000) [0.000]
VLC L0006
(14.8)
[0.000]
Country dummies
Brazil -0.424 1597
(—0.8) (-3.4)
[0.419] [0.001]
China 0427  -1L012
(0.7) (=2.0)
[0.477] [0.052)
India 9112 —4.192
-4.2) (-L.7)
[0.000]  [0.085]
South 5.186 5.478
Alrich (5.7 (7.0)
[0.000]  [0.000]
Motes: t-statistics are in parentheses (...), whilst the p-value of each null hypothesis is in
square brackets [...].
Model
! 2 3 4 3 6 7 &
Cargo dummy
Iron ore 6.548
{(1.7)
[0.000]
Constant 371 1114 —22098 _53.19 _10R.10 —107.84 9936 344
(2.0) (2.6) (-5.0) (-68) (-129) (-126) (-113) (L.O)
[0.043]  [0.011] [0.000] [0.000] [0.000] [0.000] [0.000] [0.001]
R? 0509 0909 0.947 0.948 0.545 0946 (.94% 0.54%
Mean VIF 1.00 377 3.57 18.36 12,84 6.22 5.78 1.01

Notes: t-statistics are in parentheses (... ), whilst the p-value of each null hypothesis is in

square brackets |.

Xt&: Jia, Prakash, & Smith(2019), p. 31
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(1) Reg(7)

SO dag 83 AT 42 4 2-1219F

T = +o, DWT, + o, TM +oy LB, +

[4] 2-12]
AN +026.  +e
ol7] A,
7, = A RN AEF ARt 9] WIESTE
DWT= Aut 9] AspEFES
T, 2 r2k FolA JEFeE Ak 9] AISe] 7185 Sl &5
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(2) Reg(®)

AotsFETS VL BP9 35 sHHSsE AAIR sEsTd 44
2 4 2-13)7 2t

s = g+, DWT,+a, VLC, +¢ [4] 2-13]

1714,
e O TR AR FHT A8t i e

VLG A9 iE VL B2 o3 4T ghe T3

4) Fixtures 28

Fixtures g2 Adt AJoF JHE ShEof sPIEsHS 9o, Ao
o F 2,464349] 3= F7| H|o|EE o]&stHt.

Jia, Prakash, and Smith(2019)58+= & 57FA] Z¥(Reg(7), Reg(®),
VL 29, PL 29, Fixtures 2@)S A3k o]E AA Fitof 28t
T, AA W= HolEet Blas) 1 A3 (L
Sttt 71 A3 Reg(7)% Reg(8) LYol £2 ,

VL 39| 235 HyE 83t Reg(8) Hgo] 7}7%} -?JF—?P *é%"o‘ ?l

negcke AE8 AAeslc:

58) Jia, Prakash, & Smith(2019), pp. 25-40.
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200
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- b 2 w"i81 880 1185500
—= : E
: 175},110 { ‘175},110| *175_»,110[ ‘ ] .
N - ! L 158314 A
- P T o el -
& ¥ = i b 1
L : e = v i
1 'l L J {3 'l
Actual Reg(7) Reg(8) VL PL Fixtures

XtZ: Jia, Prakash, & Smith(2019), p. 36
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(a9 2-12)= 2t 289 iih et 23S SEU=I(Probability

density function)® H*3
2 85 Hol=

15 -

10 -

Density

0 -
-1

A= Jia,

Aoz UrEP;lr‘:}.

A}, 2F2OF Reg8) 2P0

(d& 2-12) Cargo payload 2&2| FHZ 1

Reg(7) Reg(7) PL

' ' ' ' v ' ' [ ' L]

VL — Reg(7) AT

Reg(® AT — PLFIT — VLFAT

Density

g 0
-08 06 04 02 0020406081-05-04-03-02-0.10-0.1-02-03-04-05

Prakash, & Smith(2019), p. 37
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AodEY et 255 MR 16| 784
9] o HRE & AL 1T 4= lrt.c0

Jia, Prakash, and Smith(2019)6D+= A18}9] wFgu|AA+E o]&5
Aure] Aotse FHTCEN Adt AAg=dS 4
£ AA=R =T AGLE =0l P2 A5

o] Ao 5T A shv= WEETY 4 FEEE =ol= W
o2 olEFESet A ALS HlolHE €84 8 2HE HeEE &
29 thAZF 374 st ARSItk Holot olE B9 2g9 I
BEsH FYL FHA9 S FHIH.

F9 APALof|A FEOoZ AlS tolHE &85 JEEFE F51H
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ES ASFFESTE 0189 BEFS Tt V12 BAXR

o} 23 2YEGE 4L BSkgow, ol BALL RUSH] stol
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59
60
61
62

Arslanalp, Marini, & Tumbarello(2019), pp. 1-34.
Cerdeiro et al.(2020), pp. 1-44.

Jia, Prakash, & Smith(2019), pp. 25-40.

Jia, Prakash, & Smith(2019), pp. 25-40.
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FAIS-SHIP, si&E5% FHYEF2 54 F T72 HolHE ol-&d]
SFEETE FHRA A WA HlolE e Auke] 7hdst A A(AT, AHr
Zo], Adt vH] 5 AR (AL, A=, A%, A 33 5) JE=E 74494
AERE- AR (ALS: Automatic Identification System) E|o]E|o]H,
E o2 shib ARt ARt Al ARAS, AsHEST 5E 1499
A A dlojEltt. ot AoflA AIS HolH = AUt x|et £482
ol-&s W WS wolsh= o E-8En, Adl Al ol Aol A
8A4F 1 AF 4 S Aol A 329 &S F745k= T
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1) AIS

AISE= &3l AH](Navigational Equipment)ZA] sAQHA 2 wHotF 73
3t B0 g Mute] A AH 9 Y& AL AF o SPAEHES
A Alaglolnt 200249 7ERE FASHA]FHIMO: International
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(& 3-2) AISe} Mt/84 7H] SAYA

N

AlS NETWORK

SHORE BASED STATION

‘-._-__-.------.._q_““
L

"‘q‘
: )) SHIPTOSHORE ™,

CLASS B AIS DATA TRANSMITTED
MMSI, CALL SIGN,
POSITION, LENGTH, BEAM
S0G, COG, HEADING, ETC

A0 ThE Ar|o] YRS SANES FAs, SAL 4
glol8(Dynamic Data)ehe ol Felz 715 3 A3t} ol
52 B9l 4712 YRS A, At E9), A 53 2L AR

T 0, v

t|oJE|(Static & Voyage Data)?] FE|Z A3t

2) AIS HjoJE

AISE AEte] 914] FH 5-9] 54 (Dynamic) HolE|} Aute] Al 4
T2 qAf AZE 59 Ygog FAH FA(Static) © F3l(Voyage) Tlo|
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(1) == ©|0|E{(Dynamic Data)
524 HolHE (3 3-2)¢F Zo| F=2 Auhg AT £ Sl AR 15

ARl YAE FRIT 4= Sl HRE A=A, o]E FHE EEo}

o] ojt|E ol AuinhEe] 2 olF XS

gk

= =23 = =23
HAIX| ID ARt 3= (), M(-) 180°
4= HAIX] 2 Sl = =), S(+) 90¢
AEX} ID MMSI ID M g Zt&= 0-359°
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Halg 29 2ig XHAIES ffet ol Ojlt|
CHAISE Knot EA| RAIM flag Qx| THER|| flag
YRFEE | =(1), RS0)2=2 BAl SHHE
A= 0[MF-8RIZH2010), pp. 346~347: US COAST GUARD(ZAY: 2021. 6. 5)

(2) HX O|O|E{(Static Data) & &lol| Ci|0|E|(Voyage Data)
7 dlolElE (3 3-3)3} o] Aldof ot 7t Al el At
42 9 22t i A7t 22 ol JEE ] gtk 5 HlojEe
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AIS B £7| B Oft Sxx|

IMO 12 | IMOOIIM 20{ok= (A8 HE

5385 | RASNAH| IR AHHS
g ROEE
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H 3-4) AISQ| FX H0|E & MUEF 7= YH

8= e 3= uy
50 Pilot vessel 57 Spare
51 Search and rescue vessel 58 Medical transports
52 Tugs 59 Ships and aircraft of States not
53 Port tenders parties to an armed conflict
Vessels with anti—pollution
54 - .
facilities or equipment
55 Law enforcement vessels
56 Spare

A& US COAST GUARD(ZAMY: 2021. 6. 5)
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= W e
© (A/(©C) (B)/(C)
2020.7 5.23 4.32 4.38 83.81% 101.34%
2020.8 5.17 4.86 5.22 101.01% 107.41%
2020.9 6.28 5.18 5.25 83.65% 101.20%
2020.10 4.68 3.52 3.60 76.87% 102.07%
2020.11 6.12 4.39 457 74.64% 104.03%
2020.12 6.74 5.36 5.45 80.92% 101.64%
20211 5.18 5.03 4.56 88.05% 90.60%
2021.2 4.86 3.79 4.54 93.49% 119.79%
2021.3 6.05 4.73 4.54 74.99% 95.86%
2021.4 5.56 4.02 3.97 71.33% 98.56%
2021.5 5.3190) 4.28 412 77.53% 96.19%
e 61.18 49.52 50.2 82.05% 101.37%
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HEEA} 0.64 0.58 0.56 - -
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