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Executive Summary

Executive Summary

A Study on Default Prediction of Shipping Companies based on
Financial Information

1. Purposes

O This study aims to develop a crisis diagnosis and prediction model to address

repeated crises of shipping companies and to propose long-term management

direction,

- It develops a forecasting model which reflects financial characteristics of

shipping industry to identify its financial features and to propose a crisis

prediction tool,

2. Methodologies and Features

1) Methodologies

<Table> Features of this study

Features Major contents Data collection Reason for selection
- Recent status of
shipping industry at
- A basic
home and abroad ]
) . - Literature review environment
Basic | - Business . . .
- Domestic/international|  analysis is necessary
analysis competitiveness and
y P case studies due to the lack of
financial characteristics .
o domestic cases
of global shipping
companies
- A review on - To analyze the
methodology such as latest and
Preceding o . .
tud the Signaling L preceding studies
study - Literature review
) Extraction Model at home and
analysis

(usually for early
warning and default

abroad for a review

on methodology
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Features Major contents Data collection Reason for selection
prediction), the Binary
Dependent Variable
Model and the Stress
Test
. . - To analyze literature
. - Literature review
. - Cases of early warning and press release of
Operation - Press release by the
systems and default relevant
case . government and o
forecast in Korea and organizations for
analysis relevant .
abroad their actual
organizations .
application
- To propose a default - To develop a
prediction model for default prediction
: model of shippin
shipping companies | - Korea Enterprise ' pping
companies and to
- To conduct an Data
. . . . , conduct an
Empirical | empirical analysis on | - Korea Ship Owners - )
oo empirical analysis
analysis the default model Association .
h the L Model using the
with the Logit Model | - i .
9 Case studies econometric model
- To conduct an - Literature review to evaluate
empirical analysis by prediction
the Stress Test capability

2) Features

O The study examines operational conditions of the shipping industry by

analyzing business competitiveness and financial characteristics of global

shipping companies as well as recent industrial environment,

O The study reviews existing literature on the early warning system based on the

Signaling Extraction Model, the Binary Dependent Variable Model and the Stress

Test, It also analyzes operation cases of default prediction models used in

various fields of Korea,

O It proposes an adequate metric model for predicting default of shipping

companies using financial data,

- It provides empirical analyses by forecasting the failure of shipping companies

and analyzing the
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crisis situation by the logit model.
O The study suggests a measure for establishing the default management system
for shipping companies and presents policy implications,

3. Results
1) Summary

O The purpose of this study is to develop a crisis diagnosis and prediction model to
deal with repetitive crises of shipping companies and to present the long-term
management direction,

- For this purpose, it develops a forecast model using financial characteristics and
identifies the industrial feature and suggests a crisis prediction tool,

- This study consists of 6 Chapters, Chapter 2, followed by introduction of Chapter
1, examines recent status and operation condition of shipping industry, To do
S0, it analyzes recent industrial situations at home and abroad as well as business
competitiveness and financial characteristics of global shipping companies,

- Chapter 3 analyzes preceding studies and operation cases of default prediction,
It reviews existing literature on the topic based on the Signaling Extraction
Model, the Binary Dependent Variable Model and the Stress Test, It also
analyzes operation cases of default prediction models used in various fields of
Korea,

- Chapter 4 provides empirical analyses on default prediction model of shipping
companies, It presents methodology used in the study and empirical
assessments by the logit model which forecasts default of shipping companies
and conducts the stress test.

- Chapter 5 suggests measures to build the default management system for Korean
shipping companies,

- Chapter 6 provides conclusion and policy suggestions summarizing research
results and presents major things to be implemented as policies.

O Major contents of the Chapter 2 are as follows;

- Recently, global seaborne throughput showed lower growth rates than global
ship increase,

- 2015 global seaborne trade increased by 2.1% year on year, However, as of
January 2016, global ship volume grew by 3.5% or 90,917 ships (1.8 billion
DWT) compared to last year,

Xi
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- Amid such supply and demand imbalance, container ship market witnessed

active M&A activities, opening the era of Mega Alliance,

The two representative shipping companies in Korea, Hanjin Shipping and
Hyundai Merchant Marine, went through restructuring process. Hanjin Shipping
went bankrupt eventually. This study pointed out difficulties faced by Korean
shipping companies, such as failed market prediction, problems generated from
Korea’s family-run chaebol system and those of governmental policies.

Next, the study analyzed competitiveness of global shipping companies,
particularly, in terms of fleet composition and business diversification,
According to the result, Hanjin shipping and Hyundai Marchant Marine failed to
secure Very Large Ships with more than 13,000 TEU and had been losing their
price competitiveness on the mainstay routes linking Europe and the Americas,

- As for business diversification, the restructuring process started from 2000 push

down business diversification level of both companies to much lower levels than
those of their competitors,

- Finally, the study examined financial characteristics of shipping companies

through operating profitability, financial stability and Altmans’ Z-score analysis,
According to the result, Maersk was enjoying the highest level of profitability in
the industry largely thanks to the economy of scale. However, profitability of
Korean shipping companies stood at lower than the industrial average,

- In terms of financial stability, Korean shipping companies showed lower level of

stability than foreign shipping companies and the gap between them was getting
larger,

- Debt ratio of Maersk was below 100% and those of other major foreign shipping

companies maintained relatively good debt ratio of around 200%. On the other

hand, debt ratio of Korean shipping companies was very poor, recording
between 1,000 to 2,000% until they became bankrupt.

O Chapter 3 analyzed preceding studies and operation cases of default prediction,

It reviewed existing literature on the topic based on the Signaling Extraction
Model, the Binary Dependent Variable Model and the Stress Test, It also
analyzed operation cases of default prediction models used in various fields of
Korea,

- Section 1 provided details of preceding studies,

* Because studies on default prediction mostly dealt with early warning models,
this study examined methodology of early warning system, such as the
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Signaling Extraction Model, the Binary Dependent Variable Model and the
Stress Test and introduced variables and study results, This early warning
models were widely used for default prediction across macroeconomics, let
alone shipping industry,

The Signaling Extraction Method set economic variables which can explain
specific crisis as the leading indicator, It is a nonparametric method of
determining the crisis signal when the leading indicators exceed the
threshold.

* Major preceding studies include Chen, Lu, Lu, Feng and Wu (2014), Kim

Myong-jik/Hwang Tae-wook (2011) and Lee Jae-gyu/Kim Il-soo (2016).

* The Signaling Extraction Method has the advantage of detecting and quickly
responding to risks through market surveillance, but also has the
disadvantage of not considering the correlation between explanatory
variables, The Binary Dependent Variable Model is a parametric method
which overcomes the disadvantage of the Signaling Extraction Model.

Major preceding studies are Grammenos, Nomikos, and Papapostolou (2008),

Motoussi, Abouraghoub, Hadier, Pettit and Tigka (2016), Kuvussanos and

Tsouknidis (2016), Korean preceding studies include Kim Tae-il (2014), Park

Hee-jung/Kang Ho-jung (2009), Choi Chang-yul/Ham Hyung-bum (2009) and

Kim Sang-bong/Cho Kyung-joon (2011),

* The Stress Test is an analytical method for assessing potential vulnerabilities of
generally exceptional but possible events,

* Major overseas preceding studies are Boss (2002), Virolainen (2004), Wong,
Choi, and Fong (2008) and Korean ones include Lee Jee-un (2005), Shin
Yong-sang (2011) and Choi Phil-sun/Min In-sik (2014),

* The Neural Network Model is a perception model in which neurons learn

through interaction and experience with other neurons within the network,

Although the Neural Network Model shows the highest prediction capability,

one of its disadvantages is difficulty in interpreting prediction results,
Section 2 reviewed domestic and international operation cases of the early
warning system and its default prediction by applying models introduced in the
Section 1,
* This study examined Korean early warning systems of financial institutions,
real estate market and oil and raw materials. It also reviewed the Intentional
Financial Center, a dedicated organization for early warning system for

xifi
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Korean foreign exchange market,
* On top of that, it scrutinized the Savings Bank Risk Monitoring Model at Korea
Deposit Insurance Corporation,
Chapter 4 provided empirical analyses on default prediction model of shipping
companies, It presented methodology used in the study and empirical

assessments by the logit model,

- Section 1 presented methodology of this study and conducted empirical analyses

on default prediction models of shipping companies through the logit model,

* Based on the cancellation data of the Korea Ship-owners Association from
2003 to 2015, this study judged that a certain company was in default if its
registration with the Association got canceled and if the company’s
management was placed in court receivership,

* As explanatory variables for default prediction, financial indicators are
determined based on major variables of preceding studies and business
management analyses by the Bank of Korea.

* Data from Korea Enterprise Data is the basis for financial materials of shipping
companies, Internal statistics of the Korea Ship-owners Association is used for
other information reflecting characteristics of the shipping industry, such as
charter rates, fuel costs and financial variables,

* The Logit Model, one of the Binary Dependent Variable Models was used to
predict default of shipping companies, According to the model, Pan Ocean’s
failure level skyrocketed until 2013 when the company was placed in court
receivership, After court receiverships, however, the degree of failure slowly
reduced.

* The same goes to Hyundai Merchant Marine and Hanjin Shipping. The Logit
Model showed continuously increasing insolvent level of both companies
before they filed for court receivership in 2015.

* The study compared default probabilities of companies which filed for legal
management, It found out that the estimated default probability of the models
sent crisis signal to those companies before they filed for court receivership,
This confirmed the study’s models could help shipping companies to predict
possible failure,

In addition, the study tried to overcome limitations of such default prediction

models, It used freight charge, the barometer of global shipping market, and

utilized shipping news index which foresaw domestic companies” condition,
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- Tt also suggested additional risk management method through crisis situation
analysis which evaluated potential weakness of exceptional but possible cases,
According to the result, expected default rates increased by 10% than the
existing simulation if cargo volume shock occurred, Contrary to expectation,
BDI had a small impact on default rates, However, all variables except BDI were
expected to increase default rates by 1~10%,

O Chapter 5, Shipping Companies Default Management System, suggested
measures to build default management system for Korean shipping companies,

- Section 1 provided measures to build default management system for shipping
companies and pointed out the following to be considered,

* First, more detailed default prediction required accumulation of extensive
information about shipping companies,

* Second, although this study used financial information for default prediction,
non-financial factors were also important,

* Third, improvement of the models and evaluation system were necessary,
Analysis methods based on parameter estimation generally required constant
revision, Therefore, models needed to be improved through continuous
evaluation,

- Next, the study suggested system building plans.

* First, it examined market psychology by using the Market News Index (MNI),

* The MNI was used to evaluate shipping market psychology. For that purpose,
continuous establishment of big data and analysis was required,

* Second, this study built default prediction models for shipping companies
founded on major financial indexes and the Logit Model.

* As a quantitative evaluation model, default prediction models should be
based on financial information of shipping companies and constant
improvement and evaluation system need to be prepared,

* Third, using the Stress Test, this study estimated macro shipping variables
which could affect insolvency of shipping companies

* This work is related with ‘Shipping Market FEarly Warning System
Establishment Project’ implemented by the Shipping Transaction Information
Center, This work can be done at the same time to diversify signals, which

leads to strong prevention of insolvency in advance,
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1) Policy Contribution

O Despite repeated crises in the shipping industry, risk prediction and
management tools have not been developed in Korea, This study will facilitate
such development,

- This study evaluates risks in light of the fact that financial characteristics of
shipping companies have not been clarified. By applying such evaluation to risk
prediction models, it presents adequate models for shipping companies, In this
regard, this study can be a policy decision tool for shipping industry.

O The study identifies financial characteristics of shipping companies and develops
risk prediction models based on this. This will help the government to improve
its crisis management system for the industry.,

- There have been heated disputes over who is responsible for the failure of
Korean shipping companies,

- Shipping companies have continued to ask for governmental support, while
government provided supportive tools which were criticized for their
ineffectiveness,

- The best way to prevent failure of shipping companies is to prepare themselves
for risks,

- However, Korean private companies, let alone government, have not been
equipped with default prediction tools,

- In this regard, this study is expected to open the gateway for developing such
tools,

3) Expected benefits

O This study diagnoses external and internal causes of insolvency of ocean-going
shipping companies and develops default prediction models based on the Logit
Model.

O This lays the foundation for risks management of Korean shipping companies in
uncertain global market. Practicality of this tool is expected to be high as well.

O The Shipping Market Early Warning System mostly looks at factors which affect
shipping market changes in macro scale. Meanwhile, this study suggests
shipping company default prediction models and the stress test. Comprehensive
development of such systems and models are expected to provide materials for

governmental policy making and management strategies of shipping companies,
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Carrier group Share (%) Onorder Share (%) Total Share (%)
Maersk 3,125 15.6% 393 11.6% 3,518 15.0%
MSC 2,757 13.8% 286 B8.5% 3,043 13.0%
CMA CGM [1] 2,299 11.5% 226 6.7% 2,525 10.8%
Cosco 1,500 7.5% 568 16.8% 2,069 B8.8%
I Lines 1,356 6.8% 386  11.4% 1,742 7.5%
Hapag-Lloyd [2] 1,510 7.6% 82 2.4% 1,592 6.8%
Evergreen 946 4. 7% 382 11.3% 1,328 5.7%
O0CL 593 3.0% 127 3.8% 720 3.1%
Yang Ming 595 3.0% 112 3.3% 707 3.0%
Hamburg Sid Group 650 3.2% 30 0.9% 680 2.9%
PIL 336 17% 142 4.2% 477 2.0%
HMM 425 2.1% o 0.0% 4325 1.8%
Zim 366 1.8% 0 0.0% 366 1.6%
Wan Hai 240 1.2% 15 0.5% 255 1.1%

F: AR RE 1% o4}, 2016.10 7]
A&: Drewry, “Size is Everything”, Container Insight, 2016.11.6
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Rounds of alliance formation in container shipping: update
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G 2= =4 371 F9 He
AFFZ AR FE AL, THHEAS,
Boss(2002) SAERoL | E, &AM, TS,
S7lo| 2k, /7t
Virolainen(2004) = AZGDP, T7|o| A, Aty FAul&
Wong et al,,(2008) s T 3F GDP, %= GDP, AHAH714, 7R =
Drehmann(2005) =+ %A= GDP, =714, AH Az =, {7t
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44) Drehmann(2005)
45) Vazquez, Tabak, and Souto(2012)
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Aol vAle FFE 24T A7 EEs] UYEA Stk

o SlEd
0] 2]1(2005)- T FF87=7(Australian prudential regulation authority)of 4]
e AU A HAE W] s|2sto] $ele ol FutiFe gt AE
dlx BAES Amsiolck oloh 4 mae] AHE BT BAX AHE A}
8317 o vlA] mRlew Amds ATE ARHoR Uepion M)
98 ST 4 ks Aol Stk FHGRALLTVH BhEAAAGE)]
A

Al8AH2011)2 E5H4 H2HA ) Wl e RF7] 5] A (vector auto regressive, VAR)
HRe Z8oto] T2 A5, olETHS skt 5o AASHol SEuE 23
Alzdlo] ot JeFE WeAE BAsHoh d-4d, oltE ZhAsER
= dRRg] ANtA HAgAol AEEA e Aer Uspten HYE,
=8, FEARY B4 FA0] AT S e AN E 2389
Axgo] HakdoR s Aoz ettt

A TR0 FEAL A% 2] shgElo] L 9 AA] ulA]
L e AEHA HAES Fo BASIT. Sae) RANER 2uel
Wt DAolSIAI & AT O AMY BAL Uehfs WeR o
Qololge Agsiele). el 14o] A 10% shetshs 498 H4s
of 245 A3t FEPAo] sleto] LaHuTt AN © 2 FAL o
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= 5ol ek QIR EF (precenption model)o|th40) HF2A %1 AJAE A=
Bo SRy B Hxo) gk 435 7P v o R o] Fo|2)7] wi&
of Aozl Hzle] wE WHE4=2] Aol A|ofo] mE a1 -E(noise)o] EA5H
= A dE5Eo] "olXlth= A7 thA) BhHo| AW e A3
Hyox= AR BEVFsSE RIS Byof 2718 = 9lom o] W2 oY
NME BmEgS 15T 4= k= o] Utk

AL e 2o d&Hof gl d¥uiget S 7he] EX4%t
TAE gofetal 2L ARV myo] FrtEtete e/RE SAR 3 A
4 5% B9 AR ARV E 2gS 5T 4 AUtk

detAlom def AMH= ohSUA] EE(multi-layer perceptron)> 151}
=95 Atolo] st o] 4te] F2H5(hidden layer)o] EAsH= F30]H YHFS
ol AgE AR(eE)= 2YSoR HYA A3 7AE o =85S
2 BHUA sttel gros FAETHS)

(Od% 3-3) CEEMMEE Ql34ldye| X
gl eus =%

46) 7)1 el 4(2014), pp.56-57
47 A1 0141 %(2007), ppAs-49
) e & S3FH2004) pp.11
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xhia Adts_o}o% A Hu% g shte] A4m EFSH Yotk Ty

S 7 ABBAE NsA BT A7 EXsi. v o]ggs
B AR 7 AT ATAS Wil el S el S
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49) #9171 0]414(2007), pp. 56-61., ZVE]2(2014), pp.123-124.
50) 7)Ef21(2014), pp.123-124.
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2010 66 61 127 52.0%
2011 79 47 126 62.7%
2012 77 47 124 62.1%
2013 70 56 126 55.6%
2014 80 44 124 64.5%
2015 65 52 117 55.6%
Hot 579 59. 116.9 48.7%
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63) Kavussanos, and Dimitris(2016), p. 72.
64) Z)AFEL ZAZ(2011), p. 89.
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CDF( Cummulative Distribution Function) = F(eq,t )
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65) o] ol T2A-mapyiny 3-8, 9hg AL 2008, p60.
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Pr(yi’t = 1|a+ﬁxm) = Pr(y;t >0)=1 —F(a-l—ﬂxi’t) @

likelihood estlmatlon)O] /\}%—%E]-.
ML =[] Fa+a, A1 - Fla+a,,5) )
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Ho2gue A(5)E %mﬂo}— a%t /5 2 f&u}. A S cﬂﬂ
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Y FANA FASES BSEHA| 7] wgel Aleet FASE ko] BAE
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A28 ke BASES ou|gith

67) Hill, Griffiths, and Lim(2010) pp.551
68) ¢, =—(a+X,0)
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H2FAKX|Z(Maritime news index)
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72) Fudenberg and Maskin,(1986), Walsh(1999)

73) Aastveit, Natvik, and Sola(2013) p. 2.

74) Bontempi, Glolinelli, and Squadrani,(2016), Baker, Bloom, and Daivs,(2015), Rossi and Sekhposyan,
(2015).

75) Bloom,(2009), Baker, Bloom, and Davis, (2015).

76) Rich and Tracy,(2010), Scotti,(2016).

77) Bontempi, Glolinelli, and Squadrani,(2016), Baker, Bloom, and Daivs,(2015)
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20149 69), FHAISHE AT AFE2015E 119 ~ 2016\ 11€)E LiEhd.

N

7} AS AA4s A (Pairwise—correlation test)
shetradsel dlaes AFa] 99 WA, HLNS s R
H0 A% A A (pairwise-correlation) #78e SFATE dil&Abdol oigh A
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(F 4-6) ShSFARIRSt B2 F7IAARIRSl| M5 MEUIL 24

T BDIt =]t A At At &t
T2, 1.00
BDIt -0.19%%* 1.00
F7k -0.04 0.70%** 1.00
Ash -0.33** 0.69*** 0.50%** 1.00
2| At -0.21 0.67*** 0.4]1%** 0.84*** 1.00
At -0.12 0.67*** 0.35%* 0.81%** 0.92%%** 1.00
ufj St -0.43** 0.71%** 0.67*** 0.79%** 0.64%** 0.63%** 1.00
T B7)H A= A Aot AR g9k AT AF A 9x(cross-correlation) & LHE}
Wit} oA i dlwaAlgs, BDIE HER YA, F7H= ENZIO| B9 @254

(F719), 9%, AAHY, A, &S 5 e A7IAARRBS) e APA¢-E AME
stact AR AASE ALY BE Ags 2O Hag o EA717 20139 s8R
E 2016 11E7HA] Y. * p < .10, ** p < .05, *** p < .01
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2) AL XMEHM ZE(Data Validation)

Agwiso] A4S #%517] 918 Kendall's 79} Awiey 2AAE $4S
B3 FAAG0] R AR, BAA ol Tl FRALES ARSIk
(# 4-11) 2 Y oPEd B2 AP Tahd 28540

T B ;1§ Kendall’s 7 %lt‘]ii—%;é%ﬂz-];g'
TR0 & - -0.0406%** -0.0413%%*
%ZVJ%O] °olE - -0.0406%** -0.0414%%
ARR ESESE = - -0.0396%+* -0.0440%
7144 ] & - -0.0393 % -0.0441%**
A7\ AR A A 0] 0 & - -0.04] 1+ -0.0019%**
A7) Aol & - -0.0409%** -0.0019%#*
AR Aol E - 00399+ -0.0345%%*
fEHA|H 0] )& - -0.0399%++* -0.0347%%*
nH%oH o o] o] ol = _ -0.0361#** -0.0751%**
%98ki0] off uf&ol - -0.0079* -0.0443%*
EBIT of] ufjZol - -0.0374%** -0.0349%**
ol EBITDA tf] ujZol - -0.0301%#* -0.0532%**
e 2gule o 25 + 0.0162%*+ 0.2444%%%
SFEH- &Sy + 0.0262%*%* 0.0758%+x*
o|RFE A S - -0.0367#** -0.0003 %
LORHAIH] & - -0.0320%%%* -0.0001 %+
Ll +/- -0.0033 -0.0058
=4 - -0.0141%* -0.0074
e - 0.0149 0.0066
A= H] - 0.0087 2,238.1229
A7}t - 0.0489%%* 0.0009
237t - 0.0369%%* 0.0297%%*
LAYt - 0.0121%* 0.0055
Rk BRI ey + -0.0115* -0.0777
A AR E - -0.0030 -0.0005
°° 27| AR B A& - 20.0244%%% -0.0005%*

Z: 5221= 77} Kandall’s 79 Qulek 2| AEQ] 2AHASE ouldt HE0 2 U AMgte
AEFSE * p < .10, ** p < .05, *** p < .01
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88 MHTHEE B3 ser(2el BANS T

(B 4-13) 2AZY =840t

M @ ©) @ ©®) (©)

ZALAME0101E | -0.040%F* | -0.040%%F | _0.042%F% | 0.034%%* | _0,034%F* | 0.033%*
(0.005) (0.006) (0.006) (0.009) (0.009) (0.010)

SEH GO | 0278%F | 0320 | 0319%F% | 0350%% | 0.350%% | (0.350%*
(0.080) (0.084) (0.084) (0.164) (0.164) (0.164)
ZO|ZFEAIE]E | -0.0002%* | -0.0002%+* | -0.0002%** | -0.0002%** | -0.0002%** | -0,0002%**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
R =aRelEeS -0.009 -0.009 20.010 | -0.022%%* | -0,022%¥* | -0,021%**
(0.007) (0.007) (0.007) (0.006) (0.006) (0.007)
254 0.332%%% | (0.330%*% | (354%%% | (.682%FF | (.682%FF | (.659%+*
(0.083) (0.085) (0.093) (0.164) (0.159) (0.181)
$-0]229] -0.026%% | -0.026%** | -0.027%**
(0.009) (0.009) (0.009)

LA H]9-9] -0.014 -0.014 -0.015
(0.020) (0.020) (0.022)

o7}k 0.015%* | 0.015%* | 0.016%*
(0.007) (0.007) (0.008)

Z2 Al ) ek 0.012 0.012 0.011
(0.008) (0.008) (0.007)

GT Alut -0.001 -0.001 -0.001
(0.005) (0.005) (0.005)

AR 2787Hk% | 2217w 0.015 0.306
(0.890) (0.875) (1.456) (1.311)

el AR 4= 0.466 -0.230
(0.294) (0.570)

A=) -10.59%H% | 2333wk | D4 TEREE | _]7.61FFF | _]7.675%F | -16.783*
(1.702) (4.782) (5.245) (3.296) (8.050) (9.160)

ESAl 1,648 1,648 1,648 791 791 791

: FERApooled login®F FHAT A= ASE BE QRS FYPARFE A (clustered
robust standard error)S UERY. W4E 2HEAY= XA 2azkE, 29589e & o
H 2U4Ys, oA dEUA e slmaAeet HEdA4Y 23k 9]
o AR =40 AEES. TR R AR5 SV} v EA5ke] 8
AR EE E83 B ASATF YRARE FRUSE ALESE Hof vls) A& *
p < .10, ¥* p < .05, *** p < .01
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