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EXECUTIVE SUMMARY

A Study on the Financial Stability of
Korean Shipping and Shipbuilding
Companies based on Stress Testing

Sung-Hwa Park - Tae-ll Kim - Jang-Han Kwon

1. Purpose

» The purpose of this study is to develop and present a stress-testing

model to estimate the possibility of insolvency in Korea's shipping
and shipbuilding industry as well as the corporate financial

stability according to market changes in the macro environment.

» In addition, this study aims to propose methods with which the

government and companies are able to apply.

2. Methodology and Feature

1) Methodology

» This study consists of 6 chapters.

» Chapter 1, an introduction of this study, describes the background,

purpose, scope and general content of the study. After reviewing
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each models utilized in the research, this chapter presents

differentiation from preceding studies.

» Chapter 2 analyzes the business cycle of shipping and shipbuilding

market in Korea, while identifying features of corporate finance.

- For analyzing the business cycle of the shipping and shipbuilding
market, the study first looked at the present status of business
cycle, followed by an empirical study on its impact to the
business conditions of Korea's shipping and shipbuilding market
based on methodologies including the Granger Causality Test,
Recursive Structural Vector Auto-regressive (VAR), and Local

Projections.

- Moreover, the analysis of corporate financial statistics in
shipping and shipbuilding companies intended to identify the

features of cooperate finance in respective industry.
» Chapter 3 aims to calculate the insolvency index, which represents

the insolvency (risk) of Korea's shipping and shipbuilding

companies.

- The insolvency index was calculated by utilizing the Logit Model,
Firth Logit Model and Altman’'s K-score, selecting the model with
the most accurate projections and then calculate the insolvency

index.
» Utilizing the insolvency index of individual companies and
industries calculated in chapter 3, chapter 4 develops an
economic model, capable of projecting and managing the risk

level of the industry and companies per macro environmental

scenarios.

xviil



EXECUTIVE SUMMARY

- The study intends to identify the stability of companies as well
as the industry through a variety of methodological perspectives
including Firth Logit model, panel data regression and Integrated

Approach for stress testing.

» Chapter 5 proposes a guideline with which the government and

companies are able to utilize as well as utilization methods

suggested in this study.

» Chapter 6, which includes the conclusion and policy suggestions
of this study, summarizes the result of the study, while proposing

major tasks to be proceeded as policy measures.

(Table 1) Methods and Process of the Study
Category Major Content Analysis Method

Introduction
Background and purpose
Scope and major content - In—-depth analysis
of the study of preceding studies
Review of preceding
studies

Chap 1.

Business cycle of shipping
and shipbuilding market

and features of corporate o .
. Qualitative analysis
finance

. 2. Granger Causality Test,
Features of the business 9 y

Chap 2. . Recursive Structural Vector
cycle of shipping and .
o Auto-regressive, Local
shipbuilding market .
Projections

Features of cooperate ) . .
, - 3. Financial analysis
finance of shipping and
shipbuilding companies

1. Statistical analysis,

XiX



Category Major Content Analysis Method

Insolvency projection of 1. (Shipping) Insolvency
shipping and shipbuilding projection based on Firth
companies Logit Model and Altman’s
Chap 3. Insolvency projection of Estimationof ~ K—score
shipping companies Insolvency | 2. (Shipbuilding) Insolvency
Insolvency projection of Index projection based on
shipbuilding companies | Altman’s model

Stress test of shipping and p,; anqes of
shipbuilding companies macroeconomic
Establish the concept of | variables into ' 1. (Shipping) Firth Logit,

stress testing and set ~scenarios Panel data regression,
Chap 4. scenarios ! Integrated Approach

Stress testing of shipping Projection of 2. (Shipbuilding) Firth Logit.

companies changes in Panel data regression

Stress testing of insolvency

shipbuilding companies index

Measures for utilizing stress
testing models in shipping

and shipbuilding companies 1. Literature review
Cases of applying stress 2. Referencing other case
Chap 5. o . i : . .
testing in other industries studies, brainstorming
Measures to apply stress with researchers
testing models in shipping
and shipbuilding companies
Chap 6. Conclusion and policy - Brainstorming with
suggestion researchers and experts
2) Feature

» A major distinctive feature of this study is the analysis of

insolvency and financial stability of the shipping and

shipbuilding industry as well as relevant companies from a
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EXECUTIVE SUMMARY

multi-faceted perspective, utilizing stress testing, which is a

common methodology for financial companies.

- Highlighting the fact that a macro-economic shock has a
significant impact on the national economy, domestic and
foreign stress testing has been carried out primarily on risks
associated with the financial industry in the form of research,

governmental and public financial organizations  projects.

- In the shipping sector, numerous studies have been carried out
targeting Korean shipping companies on the subject of
insolvency predictions. However, there has not been any
research on its actual application nor has an analysis of
changing risks following the change of macro-environments

been undergone.

This study differentiates itself from existing studies in that it
estimated changes in insolvency of the industry and companies
in accordance with changes in macroeconomic variables per
scenario. This has been conducted by applying insolvency index
calculated from insolvency projection models into a variety of

stress testing models.

- In particular, the most important element in prediction and

judgement is consistency in direction.

- Even if predictions are made for the same purpose,
characteristics of models and a variety of errors may result in
different directions. If the direction of predictions varies, it
requires particular attention in case that executive members or
policy makers may bring forward alternative measures of the

opposite direction from what was initially stated in the model.

XXI



- Therefore, this study aims to provide and apply a variety of
methodologies, albeit with varying figures depending on the
methodology, showing consistency in the direction which adds
robustness to the model.

» Until now, the majority of the data utilized for financial analysis
of shipping and shipbuilding companies were short-term data
and dated back prior to 2000. However, this study differentiates
itself from others in that it used long-term financial data ranging
from 1990 to 2019 of shipping and shipbuilding companies
provided by KIS-Value.

- Moreover, diverse global macroeconomic values and shipping
and shipbuilding market related variables were used to boost

the reliability of the analysis.

3. Result

1) Summary

(1) Economic Fluctuations and Corporate Financial Characteristics

in the Shipping and Shipbuilding Market.

» Looking into the current status of economic fluctuations in the
shipping and shipbuilding market based on historical events, the
ups and downs of the shipping market have occurred almost
simultaneously with those of the shipbuilding market, alternately
ahead and behind.

» As shown in the result of the Granger Causality test, it is analyzed
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that both Korea's import via marine transportation and the
amount of world new contracts have been influenced by global

macroeconomic variables.

» According to the analysis on the Recursive Structural VAR with
Korea's import via marine transportation and the amount of
world new contracts as the target variables and the impulse
response analysis by local projection, it is analyzed that the
Impulses of industrial production index, cargo volume and BDI
have all increased Korea's import via marine transportation and

the amount of world new contracts in the short term.

» According to the financial analysis on shipping and shipbuilding
companies, shipping companies are immediately affected by
decreases in trade in the event of the global economic downturn.
However, shipbuilding companies are affected by such situation
after a certain period of time since ordering agreements for
ships made with shipping companies during the economic boom

maintain for several years.

(2) Insolvency Prediction for Shipping and Shipbuilding Companies

» According to Altman’s K-score model for shipping companies,
the average K-score of Korean shipping companies was -3.16
and an annual average of 29.29% companies were at risk of

insolvency.

- Looking into annual trends, while the proportion of insolvent
companies was high before the 2000s and started to become
stable since 2001, such proportion surged due to the 2009 global
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financial crisis, showing that 49.38% of shipping companies were

at risk of insolvency.

- The K-score of major companies showed a similar trend to
overall companies, and among others, Korea Line Corporation
and HMM's K-scores were down to below -2, demonstrating that
the Altman K-score actually has useful information to identify
the financial situations of shipping companies and predict their

insolvency.

As a result of the Firth Logit Analysis for shipping companies,
the predictability of the Logit(B) model and Firth(B) model for
which the Backward Elimination was used to create variables

was shown to be higher than that of other models.

- As for AUCs by models, the AUCs of all models designed in this
study are located on top of the baseline, which shows that this

model has significant predictability for insolvent companies.

- As a result of analysis on individual companies, the insolvency
probabilities of individual companies calculated through the
model increased dramatically before and at a time when they
went into receivership. This result shows that the distress
prediction model of this study provides significant information
to discover and prevent the insolvency of shipping companies

at the early stage.

As a result of the Altman’s K-score model for shipbuilding

companies, the proportion of shipbuilding companies at risk of
insolvency has increased remarkably since the 1998 financial
crisis, showed a decrease trend for a while, and then surged

again since the 2008 financial crisis. This represents that the
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annual average of 43.68% shipbuilding companies were at risk

of insolvency.

- The average K-score of shipbuilding companies dropped to
below -2, indicating that the overall shipbuilding industry were

at risk, but was recovered to over -2 since 2004.

-Due to the 2008 global financial crisis and the ordering
suspension of offshore plants in the world market, however, the

average K-score sharply declined to below -2 until 2019.

(3) Stress Testing for Shipping and Shipbuilding Companies

» As a result of the Firth Logit stress testing for shipping
companies, the average insolvency probability under the
standards scenario was estimated as 8.21% and the unexpected

insolvency probability as 16.54%.

- The analysis on sensitivity to each impulse showed that the asset
impulse increased both the average insolvency probability and
the unexpected insolvency probability the most, proving that
Korean shipping companies are vulnerable to the decrease of

their asset values.

- It is shown that a 20% drop in the asset value has increased
the average insolvency probability by about 3% and the
unexpected insolvency probability by about 5%.

- On the other hand, the decline in sales has caused the increase
in the probabilities, which was relatively lower than the impulse
of assets. It is estimated that a 30% drop in sales has increased

the average insolvency probability and unexpected insolvency
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probability by 1%p and 3%p, respectively.

- Such trend was more noticeable in the insolvency rate, and if
the worst scenario occurred, the insolvency rates were estimated

to increase about 22%p and 7%p, respectively.

- Meanwhile, the impulse of debt appeared to pose a relatively
low risk compared to other macroeconomic impulses, which
seems to be analyzed to be attributed to the high leverage ratio

of the shipping industry.

- In addition, it is recognized that the macro impulses have moved
all the insolvency probability distributions to the right side,
increased the average of the distributions, and changed it to

a form with a longer tail.

- The insolvency probabilities for major individual shipping
companies had different variations for impulses depending on
companies. However, both sales and asset impulses have
increased the estimated insolvency probability, and the increase

range by the sales impulse was larger than other impulses.
» According to the panel regression stress testing for shipping
companies, the BDI impulse has been estimated to raise the
insolvency rate the most compared to other macroeconomic

impulses, showing that the BDI largely affects the insolvency

of shipping companies.

- It is shown that the decrease of GDP has increased the insolvency
rate by about 3%p and the oil price impulse has increased it
by about 2%p.

- Such trend could also be identified in the K-scores of individual
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companies. Meanwhile, the K-scores calculated through the
model had a relatively similar trend to actually measured values,
showing that this model provides useful information to predict

actual K-scores.

- Additionally, the K-scores of individual companies by
macroeconomic impulses have been estimated similar to those
of the overall industry. The decline of K-scores due to
macroeconomic impulses were in order of the BDI, GDP and
oil price impulses in terms of the magnitude, and more
financially good and sound companies (-2 and above) showed

the larger degree of decline in the K-score.
» A comprehensive stress testing for shipping companies showed

that macroeconomic impulses have remarkably undermined the

soundness of the Korean shipping industry.

- Specifically, the GDP impulse has increased the extreme
insolvency probability of the shipping industry by about 6%p,
showing that the Korean shipping industry is vulnerable to the

impulse of the world economy.

- Following the GDP impulse, it is estimated that the BDI impulse
has increased the extreme insolvency probability by about 5%p
and the oil price impulse increased it by 4%p.

» As a result of the Firth Logit stress testing for shipbuilding
companies, it is analyzed that the sales impulse has increased
the insolvency probability of shipbuilding companies, showing
that the insolvency of Korean shipbuilding companies is closely

linked with their sales.

- It is shown that a 20% drop in sales lowered the average
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insolvency probability by about 0.25%p and increased the
unexpected insolvency probability of 95% and the 99% percentile
by 0.43%p and 0.46%p, respectively.

» According to the panel regression stress test for shipbuilding
companies, it is estimated that the economic downturn resulting
from the GDP impulse has increased the insolvency rate of the
shipbuilding industry by 6%p, showing that this industry is

vulnerable to economy.

- Meanwhile, it is shown that the BDI and oil price impulses have

increased the insolvency rate by 3%p.

-In addition, the K-scores of individual companies by
macroeconomic impulses have been estimated similar to those
of the overall shipbuilding industry. The decline of K-scores due
to macroeconomic impulses were in order of the BDI, GDP and
oil price impulses in terms of the magnitude, and more
financially good and sound companies (-2 and above) showed

the larger degree of decline in their K-scores.

2) Policy suggestions and relevant activities

(1) Policy suggestions

» Having suggested a guideline with which methodologies

proposed in this study can be applied, this study proposed

methods that the government and companies are able to use.

» After designating and operating a specialized research institute,

it is necessary to form a council consisting of experts in the

industry, academia, research institutes and the government.
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- Step 1 — A specialized research institute carries out insolvency
projections based on the Firth Logit model and Altman’s
K-Score, which went through a review. Based on the projections,
the insolvency index of each industry and individual company

is calculated every year.

- Step 2 — Based on the calculation, an expert council of the
industry, academia, research institutes and the government
discusses specific pending issues concerning qualitative

projections of the industry and companies.

- Step 3 — Based on the market projections, a specialized research
institute presents macroeconomic stress testing scenarios and

confirm the scenario through discussion with the government.

- Step 4 — A stress testing is conducted on the insolvency risk of
companies as well as the industry based on the Firth Logit model,
Integrated approach and panel data regression and draw a

preliminary result.

- Step 5 — Companies with a high risk of insolvency based on the
1*" impact result should internally analyze their problems and
devise own countermeasures and then submit to the government.
After aggregating and reviewing the countermeasures submitted
by each company, the government should prepare policy

measures.

- Step 6 — A specialized research institute and the government
estimate the stability impact of companies and the industry

based on the impact of preliminary countermeasures.

- Step 7 — After convening an expert council of the industry,

academia, institutes and the government, the council reviews
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the validity of countermeasures suggested during the previous

step as well as the result of stability impact. If reexamination

is required concerning countermeasures and its impact, go back

to step 5 and revisit.

- Step 8 — If the result is valid, the government should officially

execute the policy.

- Step 9 — After the policy is executed, the impact of the policy

should be monitored. If the policy turns out to be ineffective,

go back to Step 4 and revisit.

(Picture 1) Process flow diagram of stress testing for shipping and
shipbuilding companies

Insolvency projection based on
First Logit model, Altman’s
K-score, Calculation

of inselvency index

Stress testing based on First Logit
model, Integrated Approach and
multiple regression analysis
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» Moreover, the study proposes the major tasks of specialized
stress testing operators for shipping and shipbuilding companies

as shown below;

(Table 2) Major tasks of system operators (proposal)

Major  Assessment System establishment

Classification Maintenance
content target (proposal)
Business and
industrial trends
report
Qualitative Trends of  pypfication  (quarterly, yearly)
Trengls assessrment businesses Corporate financial Development
@nqugs of including .agd the analysis report off me§|§gres
usinesses . industry, or utilizin
statistical Y (yearly) Hzing
and the ; Corporate . ~ non—financial
) analysis and ) ) Information including ' . )
industry financial . information
trends survey ) DB (business and
analysis E :
construction  industrial trends and
financial ratio)
Method Big data analysis
Insolvency prediction
. report targetin
Publication ) p. g g
shipping companies
Insolvency (quarterly, yearly) ~ Assessment
L . ) - i and
Insolvency = Quantitative risk of Financial information | .
o - . o improvement
prediction and qualitative  shipping and . Shipping related }
L . construction . of insolvency
model prediction  shipbuilding index o
companies — — prediction
P Quantitative analysis models
Vethod Insol_ve.ncy
prediction.
Insolvency index
) Risk status analysis
Scenario report (yearly)
! analysis  Publication
Stress testing . Market trends Improvement
. following the . .
Risk status through ) analysis report of selecting
: . change in the .
analysis  macroeconomic shibing and DB Macroeconomic  macroeconom
analysis p P g _ construction variables ic variables
shipbuilding

Quantitative analysis

market Meth |
othod | _ Stress testing
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(2) Policy-making activities

» First, a variety of preceding studies had been carried out prior
to this study which contributed to the establishment of policy

making activities related to this study.

- Representative studies include Kim Tae-il, Park Sung-wha
(2017), Park Sung-wha, Kwon Jang-han, Kim Tae-il (2017), Kim
Tae-il, Kwon Jang-han (2017), and Kim Tae-il, Kim Beum-joong,
Ko Byong-wook (2017).

- As these studies have been carried out, the need for the
establishment of a systematic risk management system for
Korea's shipping and shipbuilding companies have emerged.
These preceding studies were utilized as fundamental

components for this study.

» Second, the Korea Maritime Institute has founded and operated
the Shipping Recovery Support Taskforce since 2019 as an
ad-hoc organization, through which shipping companies have
been able to secure a tool for systematically structuring the risk

assessment process.

- The Shipping Recovery Support Taskforce was established to
enhance the global competitiveness of Korea's shipping companies
operating in both distant and domestic waters. Major activities
include pushing ahead with activities to ‘support
capacity-building activities customized to shipping companies’,
‘planning Policy Roadmap 2030 for facilitating and jumpstarting
the recovery of the shipping industry, and ‘formulating and
operating advisory group consisting of research, academic,

industrial and policy sectors’.
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(Table 3) Major activities of KMI’s Shipping Recovery Support Taskforce

Category Major content

- Discovering and pushing ahead with customized support measures* for
turning deep-sea container shipping liners in the black
* Increasing the cargo loading rate of national flag carriers, operating the
(tentatively named) ‘Center for Building Shipping Expertise’ etc.
(Sharing information on global capacity, market risk management,

Promoting )
capacity-building flnan'ce an_dvlavvs) o o .
activities * Hgld|ng ajoint wqushop of KMI—sh|pp|ng companies, discovering and
customized to JOI'n'[.|y implementing customlzed measures (rgquested tasks) .
shipping - Deriving Courjtermeasures agamsi exogenous variables that can potentially
companies take place within g year (sceﬁarlo anaIYS|§) .
- Planning mega projects including establishing a market risk management
system as well as a business model for shipping and logistics platforms
* (Additional) Developing, planning and researching AlS big data-based
integrated platforms of ocean and fisheries (shipping market conditions,
shipping safety and the marine environment)
- Monitoring of existing policies* and supporting practical tasks customized
to specific cases
* (@ Internalize the cooperation of mutual growth between shippers and
Planning Policy shipowners, @ Facilitating the switch towards eco—friendly ships,
Roadmap 2030 establishing/strengthening maritime specialized finance, @ Restructuring
for facilitating national flag carriers, securing foreign terminals etc.

and jumpstarting - Discovering complementary tasks for facilitating the recovery of liner

the recovery of shipping as well as for future leap—forward
the shipping * Analyzing cases of global shipping companies (Maersk, Hapag-Lloyd,

industry Evergreen, COSCO) and identifying elements of competitive
disadvantage in national flag carriers

- Extracting measures for enhancing KMI's unique capacity by developing a
policy roadmap (analyzing artificial intelligence, market risk management etc.)

- Connecting and supporting works with the MOF (Shipping and Logistics
Bureau), KOBC, KDB and Financial Services Commission etc.

- (Industrial sector) Discovering the demand for policy supports among
shippers and shipowners including shipping companies, Shipowners
Association, Korea International Trade Association, Korea Integrated
Logistics Association/International Logistics Association etc.

- (Academic sector) Strengthening advisory to domestic and foreign
prominent scholars and enhancing a network for research and
consultation

Collecting opinions  — Holding workshops with research, academic, industrial and policy
and presenting sectors
outcomes - PR activities such as presentation of outcomes
Source: KMI Internal data

Formulating and
operating
advisory group
consisting of
research,
academic,
industrial and
policy sectors
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» Third, policy consultation meetings carried out between the
Ministry of Oceans and Fisheries and the Korea Maritime
Institute have provided an opportunity to discuss market risk
management. Moreover, upon request by the MOF, this agenda
was proposed as a project budgeted by the Ministry of Economy
and Finance and also proposed as a project budgeted by the
National Research Council for Economics, Humanities and

Social Sciences.?

» Fourth, discussion on measures to systemize the risk management
of the shipping market has been proceeded through regular
consultations with the Korea Ocean Business Corporation, which
has been conducting a project for establishing an early warning

system for the shipping market (Dec. 2014~).2

3) Expected benefits including policy contribution

» This study proposes insolvency prediction models as well as
stress testing models, contributing to the early detection of
insolvency risk for shipping and shipbuilding companies. This
will allow companies to establish proper countermeasures, while
laying the foundation for the government to set up an immediate

policy direction.

1) The first policy consultation meeting (Dec 5" of 2019) was participated by the Minister
of Oceans and Fisheries as well as the President of the Korea Maritime Institute
(a multiple number of meetings have since followed). Projects budgeted by the MOEF
and the NRC that related to Big data which were not relevant to business risk
management failed to become full-fledged projects.

2) With the Korea Ocean Business Corporation on 3 of August, 28" of September, and
23" of October
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- Measures are proposed for developing corporate risk
prediction/management tools in accordance with changing
markets, as well as policy measures against recurring risks in

the shipping market

- The study establishes a system for shipping and shipping
companies to preemptively detect a risk and induce

improvement and restructuring

» Development and operation of models at the government level,
as suggested in this study, will allow shipping and shipbuilding
companies to upgrade their countermeasures in responding to
macroeconomic changes through regular monitoring and

discussion of strategies.

» This study aims to improve the robustness of the model by
suggesting a number of methodologies for each subject. In
addition, it presents areas for follow-up research which
contributes to academic development in the field of risk

management in the shipping and shipbuilding market.

- In particular, specific follow-up studies were suggested which
can potentially contribute to the evolution of relevant research
which includes a factor analysis per risk related to the shipping
market as well as its conditional prediction, additional analysis
on global major shipping companies and measures for

comprehensive risk management.

» In addition, this study proposed a number of policy suggestions
which includes; first, establishing the public sector-driven

operational system; second, designating an organization

XXXV



dedicated to system operation and model development and
building a cooperation system; third, establishing a system for
improving and assessing models; fourth, developing a guideline
for utilizing risk models; and fifth, formulating the (tentatively
named) ‘Comprehensive Risk Management Response Center for

Shipping and Shipbuilding Industry’.

- Together with the operational measures for stress testing models
suggested here, this study can be utilized as a useful fundamental
source in establishing a comprehensive risk management system
for the shipping and shipbuilding market at the government

level.
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Aol A A A EE AHESHTE BP9 SHBS=
A A708E Altman's K-score 2H30] ARRE= 47] W42t 71
Ao Eo] tisfl w2 ABEZ Ad BE g8l 117)] "
15719] HEE H/gsteleh. F R 7|2 A 2
ZEAFS (E 3-3)p7 Zh

o Hr 2

T

N,
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H 3-3) FEHS 7| =EAE
=R HIE, B
& S47|Y AZ71E A7 1S
BHE BE BE
A KEAJEH I = e = hae]
e Sk B2 mn 92 my BR
X [EINN) 10.131 1915 10692 1676 | 10.644 = 1.704
OH==0H
X, In(CHZS 4 0454 1164  -0422 1044 0424  1.055
/BRI
VEHECE,
X; K -0.658 1165 0001 0632 -0085 0717
/R
X, WNHVNISYESINE -0364 0990 0138 0563 009 = 0626
X SELR/EXt 0.747 0776 0409 0467 0438 = 0509
X5 ZERY/SK} 1.364 0990 082 0563 0904 = 0626
QS
X, o e 0611 1232 1058 1608  1.020 = 1584
/‘IT TXH
Xq SEXMA/EX} 0.257 0300 0256 | 0229 0256 @ 0.236
Xy NPNIZYENE -0.521 0752 = -0.156 = 0466 = -0.187 = 0.507
EHOIM| X2
X, °= i Iy -0.185 0334  -0003 0166 -0.019  0.193
Ar0[)/ZAt
g71&01¢
X, _ -0.188 0331  -0008 0164 -0.023 0.9
JERR
X I[ESISYE YN 1.270 1.89% 1.106 1.409 1.120 1.456
X3 &M /QLEX 8461 7718 5379 4583 5640 @ 4.999
X, e -0162 0376 0177 = 0857 = 0147 0832
X5 = =7+ 0.205 1844 | 0302 1387 0204 1433
X EXERIA/Z XA 0.054 0109 = 0062 = 0121 0062 = 0121
X, A0|Ql/0f=H 0163 | 0301 0027 0208 0011 = 022
K Altman’s K -14.643 18973 3183 = 11.008 = -4.156 = 12.307
ESN 146 1,539 1,685
At=: KIS-Value XMH=2E HIEOZ XAt &y
BA71H49] AREAHL AAA P (financial distress)S TLHst
= Altman’'s KA = YebdT} Altman FASHH2 7149 AF+
AEE Bk o Y ¥ DU BAYL 9l Role
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H3E o2 =71 220

T

L 9 gl QT AEAE Ralstel H4E AETHe
o) AHEE A4S ZAR Aliman's KE 71919 ARaEE
= 718 7198 K7} eI 17198 2t

3 24T} S e S2z0]n] 141@0 3182 B4
7190] Hl8) i el ASE AUz Yt erIY AA)

W] g A et Al

(1) Altman®| Z-Score

7199 TGRS BIFsH] fIsiA Altaman(1968)-2  Altman
Z-Scores HHIIYT. o] R AFHA 2Ak7F 0|8t FF 24
ol 7149] R 7Fs4d2 dlSst] A A4 7IMem 15t
A B AAZRE FHASA AREE i

Z-Score®] AFEAIT 7t W= v 52

51) Altman’s KOi| &5t LH22 2ZE F16}7| BRI
52) ZEHY-2Hd8K2017), p. 31.
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Z = 0.012X:+ 0.014X. + 0.033X: + 0.006X: + 0.0099Xs
o, X = SAAE/ZAAE x 100

X. = o]9ggoda/FAHt x 100
Xs = GFOI(EBIT) x 100
X = Ao AR7A A BRI x 100
Xs = EH/SA A
Altman® @ 9] 1571 o 2o

7¢ 1.81 A mHy
1.8¢ 7 2.99 ==
Zy 299  AA BH

=t} 53)

(2) Altman?| K-Score

Altman’s Z-score®] 984 F X, & 7Idolwt E4517] of
2ol w7 go] EEQ] 7| dY FAAZ0 F8strlo=
F27F it} webA BT RANSE = 1
875=t, Altman(1996)2 Bl h=7]1dS o= ¢ R4
7P O 2 Altman’s K-scoreE 15T K-scorex= $-2/4EHe]
AFFERE whgstal vl 7ol A8 4+ 7] w2yt

53) ZEHY-E1gEK2017), p. 31.
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719 2 A

3 2}

=

K = -17,862+1.472X,+3.041X. +14.839X: +1.516X.
Ao A, Xi=In(EAHh)

X =In(FM&/FAH
X5 =

olo] Yol F/F A4k
Xo =AP7 A AL AT

K-score?] FAWY 7|22 oS} 7},
K ) 0.75

-2.00 ¢ K € 0.75
K < -2.00

el
2) 4 21t

B AT

SEvtet 71 el tiEEol

2yt A9 LRE 1185t 27199 Altman’'s K-score &t
%
(3 3-4)°} At

H4gg7] olete 4t
E5) fEr]go] HAFS =A51t) drd g K =

67

Ao g 85 9t K-score?] AHE4]

o

r l




T 3-4) ai27|Y Altman‘s K-Score S4AI0{1= Z}

ae Koo wMaws o A sz
1990 -3.44 7 16 23 69.57%
1991 -3.79 1 16 27 59.26%
1992 -3.59 10 17 27 62.96%
1993 -3.20 1 14 25 56.00%
1994 -3.26 [ 16 27 59.26%
1995 -2.67 10 20 30 66.67%
1996 -3.19 11 21 32 65.63%
1997 -3.68 16 24 40 60.00%
1998 -2.29 24 19 43 44.19%
1999 -3.53 27 34 61 55.74%
2000 -3.25 36 37 73 50.68%
2001 -2.82 50 32 82 39.02%
2002 -2.75 55 35 0 38.89%
2003 -2.68 61 36 97 37.11%
2004 -0.79 71 28 99 28.28%
2005 -0.13 73 28 101 27.72%
2006 -0.49 76 38 14 33.33%
2007 -0.89 79 52 131 39.69%
2008 -1.85 86 62 148 41.89%
2009 -3.70 87 75 162 46.30%
2010 -3.31 85 76 161 47.20%
2011 -4.48 82 78 160 48.75%
2012 -5.47 82 80 162 49.38%
2013 -5.98 83 79 162 48.77%
2014 -6.27 85 80 165 48.48%
2015 -4.37 94 63 157 40.13%
2016 -3.89 90 48 138 34.78%
2017 -4.71 80 47 127 37.01%
2018 -2.89 82 37 119 31.09%
2019 -1.35 70 29 99 29.29%
o -3.16 70 29 99 29.29%

NSRRI RS
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Syt o271 K-score] Bk -3.1601H AP 29.29%2]
714l FALRo] Sl ALE UERH Axd FAE 4
20009 o]dofl= FA7A9] B]Fo] EAdT7F 20019 2
FAE Eelot ¥4 20009 224 S8971& AVIE FA7Y
H|SZ 335519] 20129 49.38%2] si&71dol FALo] A= A
O & YEbH

A" 3-1) F87|99 Altman’'s K-score®] FAE HolFEo}
27199 K-scorele A7 vBl=3E FAS Hol=tl, 53] F8
71go] HATHE AT AI7I1E AFE K-scoreZ} 20RO 2 51

me

of= H5S Ho] Altman’'s K-scoreZt of-27149] A4S oot
7 RS0 §-83 AEE AYIL AUe AL ERAT 5 A5

a2 3-1) F=7|Y Altman’s K-score

T T T T T T T T T
1992 1995 1998 2001 2004 2007 2010 2013 2016 2019

PSRN RS

54) Z=Q7 | AT AHA|7|: A(2013),C(2011), D(2017)
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KIr

<n
IF

K<

3. HAZ

(Logistic regression)55)

A
of A

2=

(1) 2X|AH

9l ¥ oZ Ohlson(1980)°]

=
S

HE d®

[e)

=
=

CEETL
Aorst 2 X AE PR F (o]} 2

& Es

wgoa Aol 4

r
T
Els

5

o] A& /fo]

)

Ay

=
=2

2719 A%

z

=

)AL A

e

Ha

Aol I AREE AL QlH50)

(binary)#i5=oth, F4w47} o]

ol

=
R

1, ofy¥ 09 #= AY

9] A4 (continuity) T F5HRE EP WS

=

Atod

o

] 3-1]

Bt € 4

Yit

Aol

1510

N =3
o=

L=< Hill, Griffiths, and Lim(2018) |16

5t
56) May and Tudela(2005); Banbu + a et a/(2015).

2t

55) 2XIAE| Si7HA0) 2
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[’“ 3-11914 i= 71 % t= A2 Aulettt. e FAo %=

o2 oJEE Ao, & ﬁg&o] 001 A B
(]

2 e AHAES UEhiE WS AR A
(y >0), y & [4 3-219} Zo] el 4= Qich

ri
r
A
(i

ity >0
0,if y;, <0,

Pr (yj,t = 1|ﬁwi,t) =Pr (y:,t > 0) =1 _F(/B%,t)v [él 3-3]
[4] 3-3]9] = HIAE #FH(nonlinear maximum likelihood
estlmatlon)— o) A5ttt UA g %o] Ex1A0] FARSHS

th5) Bgo] AL 98] RARFL dEeF} o] EAAE
(logistic) £2E wWEtha 7Pggit). ol# 3 7ML =35 S
Siohs foF ARIERRE 42 7l ot

57) Hill, Griffiths, and Lim(2018), p. 551.
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(2) MA EX|AE!l 3| HEXM(Firth Logistic Regression)
AN BESA 7F A3, AR HETE Wb 23 HY
< &9 F4E FASES A4 F49 87 A %4:—% >
09] H]Fo| FoHRAEAY RI=7F Wi
2 Hof RS 5% FHLEC] A FHEHE= Aolth58

Firth(1993)= E4t4 5402 QIgh 293749 HE &0oJ7]
ol BHF 5= (penalized likelihood estimation)= A|Stot3

ot HHF QY HL Ama] meto]oi(the Jeffrey's prior)E =15
Eghro] 7M1 R 2ete] 2w FHTA A 00] U
25| 9T 7AE Sl 4= Yot EHeFEHY
BIOLEdE (A 3-419F ZHE59)

1

L(Bly,x) H z;,3) HF 2 B <i(B)? [ 3-4]

e}

F4 AN TAGES TSEA &7 fE
(logistic transformation)= & @zt Ab YAYSE
AE EAstofof gt} [4] 3-5l= EAAE HERE &3 YASES

ehdct.

Pr (yi,t = 1|ﬁ$i,t) = Fl- (ﬁxzt)

I
T
Y
B
N
Sl

NG-512 Aeshd AG-0 2L 5 Ut

Pr(yi,t = 1|ﬁx7f) Pt B,

l—Pr(?/i,t = 1|ﬂ$z‘,t) 1 —Dit ’

[4] 3-0]

58) King and Zeng(2001a), p. 146.
59) L&A HE52(2014), p. 178.
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H3d iz =7 20

i

= $4H|E(odds ratio)® AFA wHAyE}

)= Bz, 4, [4] 3-7]

jz
-z
mL*
g
olt
3
5:
R
¢
¢
i
rlr
r 401'

Zé?_‘:}- = Oq:rLoﬂ/ﬂ /\]'-9-% S H¥M,= Altman's K-score
ZHAd ol AFEE W49} Haider et al(2019)°] AHEH 1770 AF

Z 53] d\_ﬂ‘ﬁ(backward ehmmatlon)% Sof Ad= 47 H
TAE RYPB-EF)S oAt THAAHS 59
s F5oHA| Kok HEE 4 9AUT s A 2
AY 2 HEE IS Aok YRR 17719 &
SREAHE HEoto] 4719 AR BYS 40

ﬂll

73



H 3-5) AR BUYSDE £ Ha
X

R s R
X, In(EAH
_ X, In(OH /B R4
k-2 i
X, 01/QJ0IZ/ERH
X, X7 IR /B
X, In(OHEet /B XA
. X SRR/
B-23 i
X, =710/} B R4
Xir 2I2I019)/0}5
INI=MP SN RSN

i
o
b
ot
E0)
rr
=
o o

Q2 (type 1 erron@} A2% 2F(type 2 error)
7|02 HA3iet

@ 29 d&5ZS vl s Yol HPADHE, (accuracy), 22¢
E(total error rate), A1& 7, A2F o7, FAA 27 E4
349 PHZA(AUC: area under the curve)S B 50| X 3§ 2]

d58S dHsAH.

AA HERol, £ A= Altman's K-score] 82102 /4%
=
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A 1325)

RIISH0] KR} KRR

(2001), p. 285

K

t5

(O3 3-2) M1E282} M58

AS -

"
Y
0

60) 0/8+2(2015), p. 31.
61) 0/2t2(2015), p. 31.



A% 95 947] el sl mgo] AHe TS A 23k o
22 UL, A2F OFE SPIVE WA Y3kSOIE 2Fol I
710] e A5E W ule-e oujdich, B OR Iat sl ]
82 MY, By A2 Bl oA A1E 0FE
o= o] A2E ©FE ol AT FadE T 4 UL Aol

(‘E

Type 1 error = pr(g}: Oly=1),
i 4 3-7]
Type 2 error =pr(y=1ly=0),

AUCE AR 22 B4 ZA(ROC: receiver operator curve)2)

dHZoltt. ROC F4L A5 2dZ Br7lste WY 5 SUE x5
of FAo] WAsHA| ehl=tl RIS A&t 34 LF-&(false
positive rate)= I7|5F1L yE& A AR TAYI o So] AA|5h=
A5 Yulot= Y E(sensitivity) 2 st Z42+9] oS 119
oz FHJH FAolot. AUCE ROC 41 offf 9] Ho|& QoA+
B 19] k= AYH 19] 7RSS diEYo] 2 Z o= HrIRith

(I 3-6)2 ARG HARARYS EET 7 FANS
2o 42Tty (NEH QF2 47 K-score ZA/gHTE F
AE HARARYY BARYY FHATo|H, Q)EH DI &
7t FRALAY O R HpE AT HARA G A HYO =7

.
Aujolt. 24 AT e FAL AEAE F thEoz} A4
FE3 EAHOR fo5t AgPAT} 9lon] AR WHL o2

A &3} of b ABE Mol HerIYY RANEE AL
He7190) ARPZE wrIst meo] WRRS ouAd T &

ATt.

[
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(H 3-6) FHOIZEY FYZ2n

e (1) V) 3 @
= Firth(K) Logit(K) Firth(B) Logit(B)
X -0.040 -0.042
(0.061) (0.061)
X, -0.223** -0.224%* -0.139 -0.139
(0.090) (0.090) (0.090) (0.090)
X -0.418 -0.374
(0.378) (0.390)
Xy -0.087 -0.130
(0.425) (0.437)
X 0.045 0.032
(0.174) (0.176)
X -2.015%** -2.043***
(0.549) (0.554)
X, —1.122%%x —1.118%x
(0.387) (0.391)
nES 1,493 1,493 1,493 1,493
AUROC 0.69 0.69 0.69 0.70

F 2D Y HARREHE FHEY *p (0.1, ** p<0.05, **p0.01
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B 3-7) 25 A HAZX BHNEDY FHEL

model Accuracy Total error rate Typel error Type2 error ~ AUC

Logit(K) 63.23% 36.77% 31.87% 37.19% 69.23%
Logit(B)  72.44% 27.56% 42.86% 26.27%  69.64%
Firth(K) 59.47% 40.563% 30.77% 4135%  69.31%
Fith(®)  72.44% 27.56% 42.86% 26.27%  69.64%

RPN EAS

(1Y 3-3) BAZIRE F AA HRRE AU 72 7]

o]
=
4TS BolEdh 199 34 £H4L 7190] WY
o

1A
s
>
o,
o
v
o
£
o)
in
rl
4
= o
2
ko
oflt
::]‘ —
® o
l“j :(m
o to
ﬁ N
T =
=
o 1o
ﬂfﬂ? dn & "
flo i =2 Al
o 1o mx 4N 4 nn 1o

2 e B-RYe 5
Fuck AP T 5 AL
A BY BE Q1Y AFE A > B
79 54 dZngo] Her]de FUL 2o sk ot

o gojujst JHE AUD 9ee Telg 5 o,

62) YAIXI= 0.072 HEOIA20, FHE0| YARIS Hlohs AR 7|0l 0] ZysiACe
SHAGITY
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H3E o2 =71 220

T

(O3 3-3) F 27| 821

A7 B 7|

2008 2010 2012 2014 2016 2018 2008 2010 2012 2014 2016 2018

c71d E7I

V—

14

15
12

08

.05
.06

s

25

09

3 ~
=]

sl 7 .

et T g T T
2008 2010 2012 2014 2016 2018 2010 2011 2012 2013 2014 2015

| —=— Fith(K) —+— Logit(k) —— Firth(8) —— Logit(B)|

A= KA A

A2 XM7|Q SN0S

1. E4C0lH

247149 FAdES2 247|149 AFEARE HIgoR F/dst
Fom, AEAFE NICE B7HYH 9] KIS-Value®] 1990~2019917H4]
o] A7E L8t AN AYERE 70 E FAARY
of =3H 71GT ArFEFoll EER] P2 2A7|AY BL
A19] yctol| wet Aol Egorgict.
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(F 3-8)2 1990175 2019W7HA] 247149 K-scores HEHH
of. FAH &l 247 HFL 19989 QR7IE VHCR
A S7ketdon, ZASFAE Holtirt, 20089 22Y &8
£ 71Fdo8 FA A5sle] ABT 43.68%2 FA7|0] FALY
of A= AR YERT

(E 3-8) XM7Y Altman’s K-Score E4AI0|= A1}

K-score Hx

A= (@) HE LS ks x| BHs
1990 -0.14 5 3 8 37.50%
1991 -0.54 5 5 10 50.00%
1992 -0.26 8 4 12 33.33%
1993 0.1 9 2 11 18.18%
1994 -0.78 9 4 13 30.77%
1995 -1.33 9 9 18 50.00%
1996 -2.03 9 11 20 55.00%
1997 -2.18 12 9 21 42.86%
1998 -2.60 14 9 23 39.13%
1999 -2.58 13 12 25 48.00%
2000 -2.39 16 12 28 42.86%
2001 -1.73 20 11 31 35.48%
2002 -3.25 18 15 33 45.45%
2003 -1.80 24 12 36 33.33%
2004 -2.04 20 18 38 47.37%
2005 -1.28 24 16 40 40.00%
2006 -1.37 28 14 42 33.33%
2007 -1.00 28 18 46 39.13%
2008 -1.58 28 21 49 42.86%
2009 -2.10 25 19 44 43.18%
2010 -4.17 25 19 44 43.18%
2011 -6.21 19 22 41 53.66%
2012 -4.63 21 19 40 47.50%
2013 -4.69 19 22 41 53.66%
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K-score

Az (@) A LS k) T RHE
2014 -5.30 17 23 40 57.50%
2015 -3.49 23 17 40 42.50%
2016 -3.81 20 19 39 48.72%
2017 -3.30 18 17 35 48.57%
2018 -3.98 16 19 35 54.29%
2019 -3.67 16 18 34 52.94%
Ry -2.47 17 14 31 43.68%

X2: RiA A

olg|et FAle ALY KO Bt} SAgkolAE g1 4= ]l

(9 3-4NA KA

ofeoto] A4

22 OVJOE 35 3}&’14. :l‘u'iur 20084 =29 %%%’4719} AlA
%

(& 3-4) ZM7|Y K-Score

— 9 —— K-Score (Bd)

T K-Score (3918}

T T T T T T T T T T
1992 1995 1998 2001 2004 2007 2010 2013 2016 2019

Xz KA
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X3

Ea

N A HA Altman’'s K

HEE 9

A
T

T

stel 71g =

283

o
=

719 K-score

ik

3} -eltet

Wt 29.29%2] 7140l

B

-3.16°19
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e

(]

AE 2k ¥hd 2009

] ®lFo] EUT7T 2001492 7]
d 22¥ S5d7IE A=

49.38%9]

o] A= ALE YT FR7199

3]
=

71l 249)
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X 4% o2 X471Q) AEA HAE

H1&E AEHA HAE 744

AEHA HAEE o QHo]X|qt ¥ 7FsSHexceptional but
plausible) AbA et FA 21 FoF S H7shr] fIgt HAd
2] 7] o] t}.63)

thEAH A3 #27]H Q1 VaR(Value-at-Risk)l= B4

o] &4
T =
2x o ge

2 7Mgste] elang 45 Hie] 22 38917
N4 AA RS ISt Thulshs o Asfsteic.o)

AEAQ i we) wgo] A 715S $HsA 5 =7t o}
Aot N Blaa BelA Ao gt 4ol a7w9lw, AA
7)ot e SuA 4] b9 B9 LA Ao Hrhede
Ao, SEAES v Sstel WA K5 91710 Hhat A4

63) S8L=R(2013). p
64) A&Z(2010), p. 5.
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Sl AEFA HAET 389 gAT B 5
2 IMF, World

Bank 5 F8 FA7|7e} 70| FYLBSE 8 Y GRS

i)
:%
[>
[m
)
[>
i)
[>
|
i
z‘
o
o
8,
lo
_=
e
AC)
X
i)
1o
ioﬁ
Mlo
o
F
>
N

A,

AEY A HAEE fP7Ha] gt A ] wE AR H2

H(piecewise approach)¥ 534 A
TET 4 Qlohe) EA FEHE SHALE QI ARAMGAE
wal=

(financial soundness indicator)?] W3S EAst] dd 8|A3 &
6

Qo] e A £42 sk Welche EA He AT
wpo] whedtn AWHOE JAS HHT 5 Uk Aol 9
B 95 3 ATIAS BHT 5 ek 94 94 249 59
A e 7] w4 Al P Rk A $A e &4

FA3t0] 7|2 AT £UL *

65) 28L=¥(2010), p. 2.

66) 4184H(2011); ZHS-ZZE-ZE4~2011).
45(2010), pp. 8~9.

471 (2015), p. 8.

(2010), pp. 8~10.
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M4 otz 27|18 ABA HAE

| [= R B = |
T e E2Y S8H 2y
ex NS SBUBYXEYOF - CYB FRASS SO ZESR
Y =¥ SURTR 5

HAZH: Wilson(1997a)9] 2| AT

[ez=1]| =H EH A 7|

2 23 im'f o il s 1 OIAIZH): Merton(1974)2] 2 2|A
£43 9 1X8 0 S oe
xro|o) Aol oy o NS LS 9B 248 58
_ HE YHLA T HAIEH 54
St MOMQ| L2 = =

gy oE=d0lRS O T2 AAETo| w0 2 Al

Cifet AL RE Soff 2|23 019
2 ZNEtA 0|2 ld
= o2 T MO

2
AASHC] EAHA mAs F¥Fe EAS
(scenario analysis), Y715 AAFoZ 713t 7] S
doz FAst= F {714 A (reverse stress test)
AUTE70

AldE Q. 24 Al Ay o] A2 AA EASHAE {7100 &
Aste] AXFAZ AEsks IAR AU L (historical scenario)
VAT 7P AX A4S =St 7MY AluE] 2 (hypothetical

scenario) £4Jo] QUt}.7D)

H

4

[e) Rl |

(sensmVlty ana y81S)JJr A TSI AY 7HEE QD 17140l A
= 24

k=

2

T

it
)i
i
s

0) 2%71(2015), pp. 7~8.

7
71) A22011), p. 17.
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2.9] 4% FAol A=

A BT} s

S [e)
S [e)
72) AE2K2011), p. 18.
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X 4% o2 X471Q) AEA HAE

(a3 4-2) oi=2- 57@ EgA HAE 7IE-_rL.-.

A2l 2

nx
1]

7A7411 MAp 20!
oo
xHa7tA
I

784 223

HAAM B 22| = =

R MR A

H2HE sli271Y9 AEA HAE

1. HAZS AERA HAE

5% 249 1 0, SYESTE SF0] TAT B9UF 371
o FaAge 4E FPYsle] 23R WAE T8 F, 298
of W@l oy P F32E Bxo| FUAQ 95% WES)

(percentile)E e AEEE ¢ AAA A B /7] 24
Al BAER0] WlE At HQkT B oto] AleE AEHA HA
E 92 o2 Zrh73)

73) O[S E4HARHS E5) RAUSIES TE6}T, A4 £202 BASIZO| BIFIS MTHE O

TRE UL - §55/(2013), 7'0”"% o - 2215(2012),
01 UM, & G4= 7| A2 YEES HIoIH FH0| A

RS VL <




IOgit(yz’,t) =pA (ﬂUZt) t€ 4 (A 4-1]

4] 4-11014 i 719L, 1= AL Uit A= Hg 34
oltk 7 WA 2AAE HARAS Fo] Hho] WASA g )%

Aol gRsEe 2
ex BA(z;)
Prly, = UA(z;)] = Dim’ [4] 4-2]
l+exp

AL W&, A A S4E M6t A AlUEE
bad, worse, worst & 39AIE A5t on TA A o2t S22 4
w7} Z71ske Aog Attt bad AlUE Q9 FHES A

3k, 29 A9 39A 9] HeeS A7t AV A e Sk 19
4 A Al z= (4] 4-3]3F Zo] HSRit

m

T ’:$i(1—|—Al)ad), [A] 4-3]

25A|19} 3HA SAC] HASHH x= [4] 4-419F [4] 4-5]%F0] Wt

xworse, — LUT; (1 + TR]ANGLEU)OTSC)’ [/_\_] 4_4]
x;wrst — Zi(l‘FAwOTSt), [/l__'] 4_5]
2 TROE Q3| Wk £ B A(-)E W T, (4] 4-119

24 A% 4 Forol Q714 A Ao e FHsq

eXpﬂA (I.isoenuriu)
Prly, = LA (zj)] = ) [4] 4-6]
BA(; )
1+exp

74) B0 The} X|ESt = AR TS FoHEC.
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X 4% o2 X471Q) AEA HAE

2) AEHA ALtE|

AEd: HAES ARt A0 AHe asdn A3 1

Skl X} AL SAAE 10% t}Aé 71453_% %zﬂtﬂi 5%% xw

S %—s}aau}.

(B 4-2) AEHA ALIE|QR

B bad worse worst

s -20% -25% -30%

Kt -10% -15% -20%

=B 5% 10% 15%
Riz: A& A

3) =4 AN
He71de] AEANERE FAE HARARG S th2} Zrh
logit(yi7t) =Byt 51 XL, + By X2, + B3 X3, +uy [4] 4-7]

[ 471904 i 71948, 1 A4S tehdth g, = H971e]
# 1, A%71g01H 09 ghe AU ool X1 FAA
B Ele] AR S F3k ghol:, 2k ix}* 57@, B %

FASAA IS A2 #SA9 W2 AREAARIE AR AT
FASE FaFHZAE A8 A 1/@& o Agotol
el FAES S5t
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o 7H7h X1, X2, )(394 g fAZ3 o) % 7éﬂr 1‘31 (4)@‘
& BE WSS WA 4T deltt

B 4-3) HA=XDY FHAN

T ) ) ® &)
IN(HEA/ERA)  -0.221%# -0.333**
(0.084) (0.101)
A 42 -1.916** -1.980%**
(0.341) (0.376)
S/ SR 0.289%* 0.137
(0.090) 0.113)
2EX| 1,377 1,184 1,377 1,184

R KA 5

AEHA AEL TS 2L T w SP=gl WA,

(] 4719 HARARRE B3] F40] WASA ke 712 At

99] PRUSEL AASHAATLT 1 TR 7 A est AE

2 Aute]oo] S Bxo| Folg ulL-BAsT AEAA ]

*‘57} 011942401 Ak g 7Rs R Aol i B49le ety
t

JE‘rXH tﬂz} Oﬂﬂl 8% At golrt.76
B 2E9 95% WE T (percentile)E 42 AESER AAISH
At E3 FZHO= Qg FAV|YY H|SS ATHEY] Q] HAR
ALY RALES 7|22 YAXE Astoon, YAA o449

75) 7|E YIS B2 XY AES 7IEC2 AMEIUCE
21 01

), p. 103.



M4 otz 27|18 ABA HAE

BUSES M 37 B7HI7E AoR Yeht S sle
o 2 b 4474 e) 209
Shere W RAUTES oF 3%p Z7HAVIL, A9 AULES o
= o At A5

o vl we ggo) 3712 Bold|, siEe] 30% UAT 7
# SuskEI el RSB 42 oF 1%pst 3up S7H5
At olelat AL RARA B o] A et

5

_\‘l_‘
>
N
rr
o,
o
il
=
oW
)
iz ©
rE
=
e

ot A4 mjEo] worst AR 7 DAY H9-, FAE0] 747t o
22%pSt F 7%p S7tok= ALE FAHEHAY. T B 342 o
2 ANAA FARG vEE 2L PO Uehity), ol e
Aele] %2 ehelamulgo st A0 AT 4 e Aol
(H 4-4) N2 HAISZ0| [ME 2A7|Y HIF Het

= ALtz o Ol &< FA=E

71E 8.21% 16.54% 23.71%

bad 8.75% 17.60% 29.90%

i worse 8.91% 17.91% 30.93%

worst 9.09% 18.25% 30.93%

bad 9.56% 19.28% 34.02%

ApAt worse 10.31% 20.70% 39.18%

worst 11.11% 22.21% 45.36%

bad 8.26% 16.62% 24.74%

| worse 8.31% 16.85% 25.77%

worst 8.36% 16.95% 25.77%

IN=MPSINESES|
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2. H2 =|H=H AEYA HAE

WIS RN S BB AEHLA HAEE AE7]0) K-score
FEUSR AL ANGANSS NSz 7T AR

= By + Bibdi, + B,Agdp, + Bsoil, + Bk i1 T T E [4] 4-8]

[4] 4-8lolA i= 71¥=, t= AES UEhdL ke TE7IH9
Altman’s K-scoreZ 9u|stt}. bdi= OECDY AH|AE7IA$(CPL;
Consumer Price Index)® AZsgE 271 AF dggYR|F=olct,
Agdp= A MA GDP AAES, 0il2 215 F3$F HAF 380cst
£ Uehdith. 7E7199] K-score= A K-scored] ¥F= H=th
3 7HA5te] AW E K-scores BFof 715194 e QA5 9jn]
st uwe WA LFEAFolH. HENAY] AfF B UEY
= wol gt 7Hg] et sidRg o] FAWHE 118 H(fixed
effects)?} &EG7Hrandom effects) & Yo Ach 1457 2
uZ} 7HA e w2t HslshA| gk /\]7}01]3: N =AU 7HE sk =4

_:

Sl AN uE FEHSE 7PPSt] 2437 Py 3
ARA 232 HE’%% 7|1&02 & Hausman #& A=
9], Hausman A% 23 7A&HR 9 247 Y2 Al A
Oo% UERt & L?li: AFBHEFS A&t 7HE7]Y K-score

o AXGAES 1 AHBAE EH5HAT

77) Hill, Griffiths, and Lim(2018), p. 509.
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(& 4-5) Hausman ZX &y}

= Coef.
Chi-square test value 65.20
P-value 0.000

RPN RS
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(O3 4-5) HAIZHHS 0|

T T
2015 2018

T T
2009 2012

T
2006

T
2003
=7t

—o—— GDP —

T T
1997 2000

[——

o

T T
1991 1994
BDI

A= KA AR
Sk QAME AUEl e (F 4-6)FF 7Tt

=
zo

20008 7o R

P ALt 2 23

H 4-6) GA
Ha ALP2REZE) EX Al7|
2rEI20IX|4~(BDI) -59.3% Clarksons
M|IA GDP -1.6% World Bank 20094
HAHR 71A -26.4% Clarksons
X2 K{KH &HA
3) 24 Z}
e faEARge) 2gATdolr. HolA FE= wd 1A
g F447E OLse

F}E‘%‘«l #4A%E, REL WdSEaE
LS B3o] 2447 Lpepic,
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X 4% o2 X471Q) AEA HAE

(H4-7) l2sl72d 4 21

7= OLS FE RE
Agdp, 0.309*** 0.304*** 0.309***
(0.092) (0.091) (0.091)
bdi, 0.559*** 1.122%% 0.690***
0.172) (0.188) 0.173)
oil, -0.815%** -0.803*** -0.838***
(0.192) (0.220) (0.199)
kit 0.995%** 0.882%** 0.973**
(0.013) (0.018) (0.015)
HEX]| 2,369 2,369 2,369
R? 0.706 0.536

e sl?l o FYZEN Yy FYZ U= YR *p (0.1, p(0.05, ** p<0.01

2
lo
il
Jo
1o
ot
oX,
1o
0$
r o)
_1
r (o} O

HAE Eo% GDP@r BDI-J 7t ol
F3= AR 4T 4 ot ¥ {71 S

250
o1ge A3t RURG ol

e,
1o
=
oX
4o
ok

o
H-§ RO g lsf 7|g=9] &+
Ao R Yetyth 7iE7|99 K= A4 Kot SAX R Folgt Ho
BHEATE e ALE YEY s AR Ad AR
St G #Ho| Q= AL E A = Qlnt. olFe W 7 A
A= Be B AA0NA FARIR ™, Hausman 78485 L
AaNEFPo| AFHLR] ALE ey IPaNNFS 7|ER
Fog A5t EASHAT

(F 4-8)2 AEH A HAE ZAFtolt}, Altman's K-score?] F41
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H 4% off2- 27| AEHA HAE
(13 4-6) TS| HDH AEA HAE Zu}
T D7|
10
‘1’\ //. s-/\r
2 N
-3 0
4]
5
5
6
10,
11 100 9 8 -7 6 5 4 3 -2 1 0 1 -1 10 9 8 -7 6 5 4 -3 -2 -1 0 1
A7 c71d
16 101
s
10
54 5
10
0
-5
11 <10 -9 8 7 6 5 4 3 2 1 0 1 -1 10 -9 8 7 -6 5 -4 3 2 1 0 1
F7I1 B 7|
144 5
\
124 0
101 5
N
8 104,
1 10 9 8 -7 6 5 4 3 -2 1 0 1 -1 10 9 8 -7 6 5 4 -3 -2 -1 0 1
—— Altman's K —e— 7|5 —— BDI &4

GDP &4 — R EE = STALUEL
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3. 58X X249 (Intergrated Approach) AEHA HIAE

2 doflA= 52 JZ WAl (integrated approach)& &3l BDI,
E Q] R H|A|= JTFS A5
A FIHA2 Fold AXNAA 714N ARXFA FF0]
2719 32 ArY AN w1 G shvhe] SHERE ol
(mapping)ot] AEHA EIAEES it by B34 I
Ao] o5t AEHA HAEE QRFE AluEeuttt 4477 o]
ity REdE RES =& FEE E4o] o|FoHh79)
oA AHEE HFL 7199 Fegds SHHUFE, AA
%! Xﬂtﬁzu\—% R 243 2AAE(Logistic) TS ARSI
4% Hsto] e AR REgE p= e E2 A
A€ FgEHE UEbd 5= lr}s0

ol«

=

[4] 4-9]

2 (4-9)0 A p = FATES JERE W52 B doAL M
2719 % K-score?} 2 m|¥kel 7199] H]&S p, 2 AA5IAT.
p% [ 4-0joh T 2ALE HASEIRE G o)
RSS-S0 oA AAE} [4] 4-912 gWBetH 4,9 p =
[4] 4-101% 22 #AE Ao

78) FHEHH- 0 %71 HRH(2008); ASA(2011)2 HI5H0 ZoIAS.
79) £24(2011), p. 61.
80) HHHTH XICHA|- B4€1(2011), p. 90.

102



X 4% o2 X471Q) AEA HAE

QPAr Fal Hol= 3]F(SUR: Seemingly Unrelated Regression)

£ $5 Z=Asit) SUREFE-L v 4] 71 9 215to] =Y
o] old FA|A 9l AT contemporaneous correlation)0] ZA|5H=
Be EAR FHFE 42 & AUs Wyo|rh8)

i

Yy = By + Bibdiy o Bogdp, o+ By0il, ot vy, [4] 4-11]
bdi, = Ay + A\jbdi,  + Abdi, o, +€, [4] 4-12]
9dp, = Yo+ 119dp, 1+ 1a9dp, o + €, [4] 4-13]
0il, = by +1b,0il, | +1by0il, o+, [4] 4-14]

9 [4] 4110014 i AHE ek Slesre) BAAS y
0] AN AR ELe] GG weThn AHgsiged), ok He7]
9Jo] A5 g1Fe] A LAY Hol ofn] A ANHA of
of g Wethn BHW/| WRolh Az ANHsE (4
4120004 [4] 41409} Zo] AR(2)THS THETHT FPFsITs)

81) E%HH OIé"._ II—E%‘(ZOOS), p. 82.
2 12),
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9l AollA bdi= OECD &H|ARE7HA|2 AR e A A4
2g0lN, gdpe= AAZRTE FHI Worldbank®] A AlA A&
GDP, 0il& A7FIE=2 HAKLBR80 cst’|&)9] =4ES UEr

£
=

SUREHQ] AT 0,9 €' T3} 22 BEHFREE Adrh.

~[4] B s
H, [*1 4- 15]4 A-FEA BE LS S AXEA S49 A
ojaNE Yulst= HMolPE AE YE
decompostion)oto] & ¢ QX = 44").

AEHA HAELE E¥ ]7}~‘3§(Monte Carlo) AlEHo]AZ

9 71A S o] YA EHA] QRS A-2-9F 97|ANSF HHE A|E v e}k

o

el o] W) o) S skl S50l Lok,
FolNE BEo] FukAS 99% Wz HHslo] AAsloith

O EFAFEILA HdFZ=(random sampling)dt HE Z,, &

@ Z.,o ANBA F49 RolWB A'E F3to] 1+19] WA

83) A&4(2011), p. 62; TEH- OFYE - Zi2E(2008), p. 83.



M4 otz 27|18 ABA HAE

B =AZ,, [4] 4-16]
® Z1,° oFF- 7S MR 92 A, & S0l TASHA &

Fe AES 71&E A EF o] H(baseline simulation) 2.2 AJA| 5}

At
@ AEHA HAEE Z & 5k Y9A|(randome number)
% "W 0] ASdl= 01 €, B 349 IV |vE WA &

100089 ZH7RER AlEdolde 59 EEE FHst

2) AEHA AL

H 4-9) SAAMH A2 4

B ALt X
LERUX|=(BDI) -59.3% Clarksons
M|A| GDP -1.6% World Bank
HAHR 74 -26.4% Clarksons

X2: RiA A

3) =4 Zit

(E 41002 SUR 2§o] 24 ATolch. BA7I7H 19902

201997kA]0H, B2 o] ZAZ At ELAFAHY £AIE 2L

#sto] 5009 LEAEFH Y (bootstrapping)= 53 A5l 794
< BHFEZE Breithsd ()92 FAASRL AXBAHSE /9



2go 2HZAT oI, (2), 3), (H)LBL ZF AXNAARS AR(2) 3
AAdto|tt, FHATE A EH BDIQ GDP= HAX 9} 29| AF
AL Q= BHH, §719] o2 FARRE ASAl7l= Ae=
ekt ol 7t A ow QA slerIle] ueRy St
27199 RAL Asleis Ao MY 4 Ut
H 4-10) SUR FXZu}
o (1) 2 3) 4
= Ay, BDI, GDP, OIL,
BDI,_, -0.178%* -0.166
(0.076) (0.154)
GDP,_, -0.266 -0.156
(0.213) (0.358)
oIL,_, 0.169 -0.277*
(0.160) (0.164)
BDI,_, 0.972%%
(0.176)
GDF, 11664
(0.356)
OIL, , 0.254
(0.170)
FESN 27 27 27 27
R? 0.216 0.652 0.997 0.097

7 QS T Ol o1 R N30 S Zake M2 *p ) 0.1, **p ) 0.05, *** p ) 0.1.
INEHPSIN RS

=H 7E=

(I 4-11)2 1,000819] QHE(iteration)y= AA 3 =
4-11)001 4

AlEdolde AEH A HAE VS UEdT (&

84) SUR 3240 ALZE B2 £Q277H)7t 2E55610 £ H$0| fol9S MHsH= ol A0
743 H(spurious regression)’t L4ist 227t QI 7RSI 2 QIS Rl HH BXIE 245t
Sl7| ol FEAELS Salf 7HIHEHES 7010 FE Al RdS HHIISS it
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X 4% o2 X471Q) AEA HAE

4 RE3EL ABI0|AS B5) 24T BE| Holn, 1% IF
2 94 Pse HESES 34 BEo| 9% MRS S5 oujd
- .

R o
th.89 71% Auel ek o] Wy

T 2 499 FESE 22
olt}. BDI %4, GDP %4, §7} $42 247 228 897 v
o] BDI, GDP, §7}9] stgto] BAItRS %90 WAE R4S 53

R 3tg0] WskE ojnjste], B Altel 9 BDI GDP, 971
Ho| FAlo] WSS Te] ABH ol AnkE ofu|gith

H4-11) A4z 2421

s oA e 1% S8 T I1SH
= o =

Hesls

7| Z=AILE| R 53.36% 63.80%

BDI &4 55.11% 68.32%

GDP &4 53.19% 69.51%

Rt 54 54.37% 67.32%
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= A% I A HYHE
2008 46 1 47 2.13%
2009 41 4 45 8.89%
2010 39 2 41 4.88%
2011 39 1 40 2.50%
2012 38 3 41 7.32%
2013 39 1 40 2.50%
2014 39 0 39 0.00%
2015 38 0 38 0.00%
2016 38 1 39 2.56%
2017 34 0 34 0.00%
2018 33 0 33 0.00%
2019 33 0 33 0.00%
A 457 13 470 2.77%
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T= ) @ ) @)
ROA -2.045%** ~1.549%
(0.604) (0.684)
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B 4-17) o2 =8 2t

B OLS FE RE
Agdp,_, 0.3871%** 0.329%** 0.3871%**
(0.108) (0.109) (0.108)
bdi, 0.041 0.432%* 0.041
(0.202) 0.217) (0.202)
oil, -0.824*** —1.054*** -0.824%**
(0.209) (0.222) (0.209)
L 0.928%** 0.858%** 0.928%**
(0.019) (0.024) (0.019)
FLEOA| 814 814 814
R’ 0.657

IR SHAL 448 FYEIE Y248 * p (0.1, p(0.05, ** p( 0.01
INC=MPSIN RS

(B 4-18) AL2|Q S48 AEY A HAE it
T A4S H 1A 24 | BAE
7IEALRR 14 19 33 57.58%
BDI £2 13 20 33 60.61%
QI &4 13 20 33 60.61%
GDP £ 12 21 33 63.64%
2aALIE|Q 12 21 33 63.64%
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88) Sttt 71ECZ 05 YH0| TH| SSF2(QASAFY, ME, FAHHE S ZEhO0IA XX[SH= HIS
220183 2/427|% %X 75.56%0]Ct.
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