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AUROC(Z=AIX EMTMO Otz HA): Area Under the Receiver Operator
Characteristic

BDI(ZEI22IX|4): Baltic Dry Index

BSI(ZHMZX2&): Bank for International Settlements
EWI(E7|ZEX|$): Early Warning Index

FSB(Z82MHQI3]): Financial Stability Board

GDFM(YEtS SHMQIXtE S): Generalized Dynamic Factor Model
KCIF(ZXMZ8MH): Korea Center for International Finance

K-SEEK(B8ZL=H X7|AEAAH]): Supervisory Early Warning and
Evaluation Kits

MLE(Z25HE): Maximum Likelihood Estimation
NBER(HMDO|ZHMAHF4): National Bureau of Economic Research
OLS(Z|AHEH): Ordinary Least Squares

PI(&X|#): Pressure Index

SNR(ES-AIS H|E): Noise—-to-Signal Ratio

SPIGHR2 2 X|4=): Shipping Pressure Index

VIX(AZHLL M2 A HESHX|4): Chicago Board Options Exchange Volatility
Index
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EXECUTIVE SUMMARY

1. Purpose

= The purpose of this study is to develop business diagnostics
tools that reflects distinctive characteristics of the shipping
industry by constructing a composite business cycle indicator
(hereinafter “composite indicator’) and an early warning

system.

- The construction of a composite indicator aims to provide
helpful information to market participants to make better
decisions by measuring economic conditions, and predicting
future business cycles of Korea's shipping industry.

- The early warning system is developed to detect crises of the

shipping industry early on and prepare proper countermeasures.

= This study contributes to the development of an diagnostics
system that will enhance the global competitiveness of
Korea's shipping industry through the establishment of

business diagnostics tools of the shipping industry.

Xi



2. Methodology and Features

1) Methodology

Xii

As an introduction, chapter 1 describes the background,
purpose, scope and general contents of the research. After
reviewing literature relevant to the construction of business
diagnostics tools, this study presents a number of

differentiations.

Having analyzed the trends and characteristics of the global
and Korean shipping industry, Chapter 2 provides the
foundation for establishing a business diagnostics system
that firmly secures explanatory power in the real world. With
a supply and demand model, a theoretical background was
discussed for the construction of the business diagnostics

tools.

Chapter 3 covers a review of literature regarding foreign and
domestic business diagnostics systems.
This chapter reviewed methodologies for constructing each

index including their advantages and disadvantages, while

seeking applicability to the shipping industry.

Utilizing the Generalized Dynamic Factor Model (GDFM),
chapter 4 constructs the business composite indicator of

Korea's shipping industry

Based on the discussion covered in chapter 2 and chapter 3,



EXECUTIVE SUMMARY

this chapter computes the coincident and leading composite
indicators. By dating business cycle turning points, this chapter
investigates the characteristics of business fluctuations of the

shipping industry.

= Chapter 5 includes the construction of an early warning
system of the shipping industry based on a multi-model

approach.

- To be specific, this chapter suggests a shipping market risk
monitoring system by constructing a multi-model approach-
based early warning system through a signal approach and a
logit model.

- For each methodology, each model's predictability and utilization

measures are suggested.

= Chapter 6 summarizes the results of the study and discusses
the limitations and improvements of constructed indexes. By
presenting future implementation measures, this chapter
suggests operational measures of the business diagnostics

system.

2) Features

= The composite indicator is the index which integrates a
co-movement of a number of economic indicators. It is
widely applied to a variety of fields including national and

regional economies as well as industrial economies.

xiii
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There have been a number of attempts to estimate business
fluctuations of a variety of industries and regions. However,
there is only a limited number of studies on constructing a

composite index specifically targeting the shipping industry.

This study differentiates itself from other studies as it
provides basic information for understanding the economic
conditions, forecasting the future business cycles of the
shipping industry, aiding a rational decision-making process

of market participants.

From a methodology perspective, the Generalized Dynamic
Factor Model (GDFM) was applied so that subjective judgments
of researchers can be excluded as much as possible in

constructing the economic indexes.

Another distinctive feature of this study is the application
of a non-parametric method (a signal approach) and a
parametric method (a logit model), intended to ensure a
multilateral approach to the early warning system of the
shipping industry.

The basic assumption of an early warning system is that a future
crisis can be predicted based on crises experienced in the past.
Due to differences in causes and characteristics of crises, an
early warning system has limitations in predicting crises.
Therefore, this study sets out to establish a monitoring system
against crises based on a multi-model approach, rather than

depending on a single model. Furthermore, the early warning
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system established in this study strengthens more dynamic

features by setting the forecast horizon differently.

3. Results

1) Summary

(1) Trends and characteristics of the shipping industry and
considerations for developing business diagnostics tools

= Since 2009, the container shipping market has been plagued
with oversupply, becoming an oligopolistic market as the
global container shipping market has been restructuring

centering on mega alliances.

= Unlike the container shipping market, the dry bulk market,
in which adjusting shipping capacity is especially difficult
by reaching an agreement among shipping companies within
shipping routes, is closely related to the global economic

environment.

= Major characteristics of the global shipping industry are as
follows. First, market conditions are highly volatile due to
a high dependence to the global economic environment.
Second, transportation services share homogeneous
features, which makes it difficult to differentiate. Third,

there are different features in business by type of ship.

XV
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Facing a number of economic crises such as the oil shock
of the 1980s, the Asian financial crisis of the 1990s and the
global financial crisis of 2008, major shipping companies in
Korea experienced severe downturns either by declaring

bankruptcy or restructuring themselves.

Major features of the Korean shipping industry include as
follows. First, major Korean shipping companies had a
higher share of chartered vessels compared to direct
ownership, which increased their debt ratios. Second, the
shipping industry is vulnerable to changes of the market as
companies have excessively placed orders for new vessels
and long-term chartering contracts and, hence, failed to

consider market changes.

Therefore, this study delves into a theoretical model of the
supply and demand of the shipping market with an aim to
establish a business diagnostics system reflecting these
characteristics of the shipping industry, while considering

candidate indicators of major preceding studies.

The demand of the shipping industry tends to increase by
producing products in need of maritime transportation through

real economic activities.

Variables which reflect the supply of shipping services are

related to total fleet capacity.

Based on these theoretical models, candidate indicators of major

preceding studies were analyzed as follows; The demand was
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analyzed by utilizing proxy variables of the world economy,
while the variables for the supply were set gross tonnage of

merchant fleets.

(2) Domestic and foreign cases for constructing an economic
diagnostics system

= As a methodology for constructing the composite business
cycle indicator, this study reviewed the NBER method and

the econometric method.

- The NBER method has de facto served as an international
standard owing to the simplicity of index creation and the
empirical verifications conducted over a long period of time.
However, the NBER method lacks the theoretical framework for
the selection and processing of the constituent indicators.

- As for the econometric method, the general process of
constructing the index is similar to the NBER method. However,
the measurement method possesses the advantage of ensuring
subjectivity in constructing the index as the selection of
candidate indexes and the judgement of co-movement are

conducted through statistical testing.

= An early warning system comprises a variety of methodologies.
This study examines the signal approach, a representative
non-parametric approach as well as the logit model which

is a parametric approach.

- The signal approach possesses advantages as it freely allows the

entry and exit of constituent indicators of the early warning
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index, and detects the probability of a crisis intuitively. Given
the characteristics of non-parametric methodologies, however,
there is a weakness that statistical correlation between indicators
cannot be considered.

The logit model is a parametric approach to build an early
warning system, taking statistical correlations between

independent variables into account.

According to the result of reviewing methodologies, the
composite business cycle indicator of the shipping industry
applies the Generalized Dynamic Factor Model (GDFM), one
of the econometric methods. As for the construction of an
early warning system, the signal approach is used as a major
model, while constructing an auxiliary model based on the
logit model with an aim to construct a diversified and

comprehensive model for market monitoring.

(3) Construction of the composite indicator of the shipping

xviii

industry

This study utilizes the Generalized Dynamic Factor Model
(GDFM) to construct the coincident and the leading

composite indicators.

Setting the water transport industry’'s production index as
the reference variable, the candidate indicators of the
shipping industry composite indicator consists of a total of

32 candidate indicators from the categories of demand(4),
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consumption(2), employment(1), supply(7), freight rates/price(7)

and finance(4).

The coincident indicator is constructed with a total of 8
constituent indicators, including Water transport industry
production index, OECD industrial production index,
producer price index of ocean-going shipping industry,
Clarksea index, sea transport freight (credit), sea transport
freight (debit), total China seaborne imports, LIBOR interest

rates.

According to the result of dating business cycle turning points
of shipping businesses, the shipping industry of Korea has
experienced 4 cycles during the sample period (2007M1~
2021M5).

The duration of contraction phase in the shipping industry was
estimated 13 months on average, which was shorter than that
of expansion phase (27months). This suggests that recession of

the shipping industry comes rather rapidly than expansion.

The leading indicator comprises a total of 13 component
indicators including Korea industrial production index, the
Baltic Dry Index (BDI), and the shipping industry stock index,

etc.

The results from cross-correlation test shows that the leading

indicator leads the coincident indicator by 2~3 months.
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(4) Establishment of an early warning system for the shipping

XX

industry

The target of the early warning system in this study is the
seaborne transportation market in Korea. The Shipping
Pressure Index (SPI) is constructed to detect crises of the
shipping industry.

The SPI is constructed with world merchandise trade volume,
sea transport freight (credit), and the Clarksea Index.

During the period for the analysis (2007M1 ~ 2021M6), the

Korean shipping industry experienced crises three times
(2008M11 ~ 2009M10, 2016M7 ~ 2016M10, 2020M5 ~ 2020M6).

Candidate indicators for the construction of an early warning
index consist of a total of 20 variables from the categories
of supply (5), demand (4), freight rates/revenue (6), cost (1)

and finance (4).

The predictability of each indicator was tested by setting the
forecast horizon for 6 months. Based on the result of the testing,
an early warning index is constructed with a total of 12

constituent indicators.

The Early Warning Index (EWI) constructed has the correlation
of 0.28~0.59 with the SPI. The index also shows 87.36% of
accuracy and 0.15 of the QPS (Quadratic Probability Score),
suggesting that the EWI has predictive power on detecting
risks in the shipping industry.
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= In order to take a multifaceted and comprehensive approach
to the risk management of the shipping market, this study

constructed an early warning system based on a logit model.

- The early warning system using the logit model is established
based on the results of the signal approach. In other words, the
compatibility between models is maintained by matching the
results of the signal approach in terms of crises periods and
constituent indicators.

- For the composition of independent variables of the logit model,
this study conducts a univariate logistic regression as well as
Wald test. Based on the result, time difference models were
constructed for 3months, 6months and 12 months.

- Based on the results of accuracy, sensitivity, specificity, and AUC
(Area Under the Curve), the 3-month model shows the best

performance in forecasting risks in the shipping industry.

2) Future tasks for the business diagnostics system of the

shipping industry

= The composite indicators of the shipping industry can be

announced through a monthly publication.

= The early warning system-based market monitoring should
only provide limited information after going through a

sufficient amount of verifications and discussions.

- If the information on market risks is suppled, it could aggravate
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the confusion among market participants, which require caution

on the utilization and supply of such information.

The early warning system is designed to prevent risks occurring
in the shipping industry. Therefore, the system should not
only be able to preemptively detect risks of the market but

also secure the persuasive power of forecasts.

Therefore, it is necessary to make a diagnosis through multi-
models rather than depending on a single model, while attaining
the persuasive power for prediction by simultaneously conducting

qualitative monitoring.

The operation of the business diagnostics system of the
shipping industry requires comprehensive and integrated
knowledge on the industry, macroeconomy and corporate
finance. Therefore, it is necessary to establish a cooperative

system between relevant organizations.

Furthermore, the business diagnostics system needs continuous
improvements; therefore, it requires the construction of a
cooperative system between relevant institutions for collecting

advice from a variety of fields.

Further tasks may include the formulation of a consultative
body for analyzing and forecasting business trends of the
shipping industry so that qualitative monitoring can go side-
by-side. In addition, it is necessary to make improvements
to be upgraded into a more advanced business diagnostics
system by collecting the opinions of hands-on workers in
the field.
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IH|HE:  Development of early FIR7|el0 BABIZS
warning index in Korean shipping ot =E0] 7%
industry by using signal approach U B2, M2 #1712
2 |« AHEXKHAET): Choi, Kim, and Han(2018) |« MSXZE | THH
7 =& 22|t o277 |gel 24 SRR | ZEX|= 64
7|1 |- 4S5 Yot 27|EE HOUZ SH2AMH 7 IE
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4 ATFXRE): 28 -7 382 NERa SHO= AP IZ Y
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shipping loans: An empirical investigation.
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HA|™: Default risk drivers in
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HRXHHE): Nam and An(2017)
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1. ZH0|H oi2AIE

1) 2= ZHt HHO|L H2AIH

20199 & AT COVID-19= =2=E ARl 2 4= FUoh
COVID-19 #ig9e= <l =Y S84 Hege] gH=HuAr 2=
H A718A7E 7Rk 7kl Iad 2erel 2 BRI 7R
A71E B A

-

H 2-1) COVID-19 &4 X7| ZHHY
* VIX(HSSRI)= 2008 S 89171 A9 1181 80.745 0 82.698 715
* (MRIERO|A AY2e FX, ©20.3.22) S5 227| 0= HYE2 30%= |21, GDP=
50% =4 & =+ AR
* (RERAYS],'20.3.23) "R HHE0| 1% +FOZ TS 4 AUCK

* (EEHD)'ER2 MHIAYS BHOZ [HHOZ 27} 9IF& 1 oY
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* (S&P,20.3.23) Y22 GDP HHE2 -1.2%7t 2 A

* (BE7I 7I1M% FH,20.3.20) “oH=4H O0|HA SEE A 4 GiCt

* (IMF &1H,"20.4.10)01 ZX| 217171 Xl M7 | Leigh O 17|24 Cr=rt. 1930E 0 &
MIAE B2 tS8 01% 2of9| 7. MIAIZH 2ol 0o|H2 8%

Az MAF RS

E3] o]l COVID-192 QI3+ BAIA71= Uikl BAES =215
22 g F§, AZY, 24, BF 5 BFHQL F20] HAo) APt
oA 11 ot B F R0 AAFE|Sith IMFQ021)0l wHEE 202
229 AA99ES A A 3.3% UIF 3.5%, YR 4.8% =2
~4.9%, T2 -8.2%, OEE|oF -8.9%, AHQl -11.0%, S 2.3%, ¢
-1.O%E AT AES Wolh.2)

fr &

= o
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(3 2-1) T MA ZHEEE £01(1980~20262)
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Z:2021~2026'A7K| A2 e MY
Az IMFZEMY: 2021. 9. 3) XM=& EUE XA X7y

21) IMF(ZMY: 2021. 9. 3)
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0]
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= A FAA EHA sfde] F4A
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A Z 2M (Maersk, MSC) 871, Ocean(CMA-CGM, COSCO, Evergreen)
3707 AA 2 sP|& A 1= QlSf e-SF=7 F UEd 7
et sl deloldAdit 2 BHEE A71E Uk

I8y dpdaks gy T oheAlee 20209 11, 39 1070€ 1o
30k LOIE Exfgion FAUE 20219 19, 1449 vho] 3H ZQIES &
ot 5 22Y 3719 AFAER BrlE= FH 4= VA BEeo
FootaL Urh.23) ES A old UAIS(CCFL, SCFR)E= F53te e

A 3
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22) SHEGHUATNEY BEXFE(2020. 4. 2)
23) Yahoo Finance(ZA12: 2021. 9. 9)
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e} ofefet BAR Nl Ze Z15e] Bleo] o Hriezow
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FE A=A 3 o dEte|dA SUARES HMMS 71§ 5f
2= /7S 109 AFste] 20309 397N E ARG ol2 4
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HMME Al 89 5 BE 2704 712 JANE) $58 98 B
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X2 ZIEHY 91(2019), p. 59.
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Al VIXH AL 715 B 24 29 HAYE 1S Hckol
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dhat 2EHH0] SHEld AstRA AP Lo] ZaH 0w W
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At o] ZolSA) gheieh, Agel Bk AP S Al
o] HAE 4 Y& AR
(E 2-6) VIX2t BDI 0]

Baltic Dry Index
— = CBOE Volatility Index: VIX

12000 — | - 80

9000 —

6000 —

3000

o

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

At&: Clarksons(ZAY: 2021.5.18), FRED(ZAMY: 2021.5.18)

25) dhgsh ZEi - EEEH2020)

26



o2 sgt 4 9 Z7IRHHA 52 25t vaAE 02

2) +37

AskEA LA A Adely AT whEA R 20009t 2
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3) ZZMALS| AR BRE S

A BAAA 2018 AHER, 201540 YR HAS0] £ LolE
AP} 2020900 S HAHE0] EoFSHAA A9 &9l A3t
At St MAMASS ABe STl BT, F7 NS ®
ool met 2020 7% <= 20159 HH] shekch

(B 2-2) MIA €344 &2

20154 MIAl E3 A 29 20205 MPAI E2 AL =21

Hebs | Mgy HAL =7t |&®| =7t A Al | MY
no. |(m.dwt no. m.dwt
116 133 K-Line = 1 = China COSCO Shipping 295 32.08
10 12.69 Nippon Yusen Kaisha. == 2 = Nippon Yusen Kaisha 7 1591
85 11.21 Mitsui 0.5 K. Lines o= 3 L2g0| Fredriksen Group 115 1466
29 8.81 Vale ser 4 W= K-Line 115 13.85
85 853 COBCO (HK) Shipping 22 5 = China Merchants 14 13.12
65 803 Pan Ocean e 6 | Jar Star Bulk Carriers 116 1286
<) 7.98 Berge Bulk Ltd o= 7 o= Mitsui OSK Lines 96 1148
93 7.77 China Shipping Bulk == 3 BRCH Berge Bulk 57 1114
74 743 Shosi Kisen Kaisha L= 9 =Y Dldendorif Carriers a7 10.08
43 7.3 Anangel Sheg. Ent. st 0 = Pan Ocean 66 9.54
67 6.99 Star Bulk Carriers A il U= Shogi Kisen Kaisha 3 8.67
26 6.88 Polaris Shipping Co s 12 e Angslicoussis Group 49 8.49
53 6.53 Golden Ocean Group =290| 13 St Polaris Shipping 3 8.47
k) 5.9 NS United KK, o= 14 sl 1CBC 30 8.46
30 5.64 Zodiac Maritime Agy U3 15 Jela ) 5 Holdings 72 an
54 5.61 Nissen Kaiun K-K o= 16 = NS United KK 46 8.06
61 ES Doun Kisen KK o= 7 e Nissen Kaiun 73 7.55
68 503 Genco Shpg & Trading Of= 18 == Winning Intl 38 6.53
41 4.65 Diana Shipping J2a 19 chet ‘Wisdom Marine Group 115 6.26
27 4.48 Tove Sangyo Co U= 20 =LY Carditt Marine 38 6.09
25 434 Sinokor Merchant = il 2= Mitsubishi Corp 70 5.96
39 4.28 Bogimar NV 7o 22 B H-Line Shipping 30 5.51
39 425 Dryships Jala 73 3= SM Group 40 5.39
54 413 LCOSBULK = 24 = Doun Kisen 58 5.38
<] 4.00 Golden Union i 75 J2lx Golden Union 43 5.26
31 4.04 Alpha Tankers & Frt, 2~ %6 | J2ix Diana Shipping 4 5.07
34 4 U-Ming Marine Tran. ) 77 = Zodiac Maritime 35 5.06
24 3.97 Mizuha Sangyo = 28 = (DB Leasing 4 4.89
15 3.8 MNeu Seeschitfahrt o= 29 L= Sena Kisen 30 4.85
38 377 Navios Holdings iCiES 30 23 Pacific Basin Shpg 18 4.84
3 3.68 H-Line Shipping sl 31 sl LB 28 4.84
78 366 Wisdom Marine Group chat e 0= Geneo Shog & Trading 57 48
25 342 China Steel Corp Chat 33 U Santoku Shipping 56 47
32 3.31 Enterprises Shpg. dela 3 RE Mitsui & Co 58 4.58
27 331 Shunzan Kaiun KK o= 35 CHEH China Steel Express pis] 4.4
38 33 Oldendorff Carriers =2 36 e Alpha Tankers 32 44
36 3.26 Safe Bulkers Inc. 2LE 37 il Sinokar Merchant 25 4.34
45 321 Nisshin Shpg.Co.Ltd. o= 38 JgA Marmaras Navigation 33 424
& 3.06 Pacific Basin Shpg 22 39 agla Laskaridis Shipping 43 4.08
22 3.0 HOSCO B3 40 Z2UE GoodBulk 23 4

A=: shYa4t2(2021)
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Al COVID-19 @302 Qlg] 20194 10¥ ZHzt 779X RJES}E 746E1E
£ 715s13en, 20219 8¥€oll= 217t 3,028%R1E, 4,308EIEE 7]
231 289%, 478% AF53ATt.

2) HM2PHQl MH|A

7] Y9] 2% AH|AE ZPEsK(differentiation)=7] ©1HT}. Novo-Corti
and Gonzalez-Laxe(2009)= dVd25A41HA9] 43K homogenization)
9} EFE3standardization)2 Ul Y7} PSS gt o= 19
A% A& (agglomeration)o] TAFZFIL AFTE HF Uk 7] YG
Q7H= ZA AHEH|E(CAPEX: Capital Expenses), *>%H]-&(OPEX:
Operating Expenses), +3H|-&(voyage costs)Z Uz 5 AT} sHA|E
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27) TYX- 2814 - 2HA(2017), pp. 20~21.
28) 19 &, p. 23.
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T ZAE|O[A At 715}%*1 At
FlZ2t=(cargo) & 0153t e 558
3271 A (value) =2 7tX|(high value) 2 JHX|(low value)
28N NE2EAYL SMA <
(contract of carriage) | A5I5H SMALN

DO

IESEEIEEES

EO_E_
22(freight rate) _;_Oen(ta”ﬁ)_?_m Muto| AQTH 20|l Ofsh A
20| Q10| M2t 2F
NilaGenice) | 5o ST Ao} 80| Bo| 2H
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7. Rty |22) %} A7|Z2|0M H7 12| K|
1 ROl MAKIA 2, Hxe, §7|/7r¢a9| MR HELE
X236t X|E(2015=100)

MH|IAR JHERES| 2IVIX| 7|2 71 SAIE

ol
=

§§;¢ 3. 7447|408 ZHEIIHOIA ZARCHA 7 710} AT 3 BAL:
TMRE 4. A0 EO{K| ABISEE TIoI2 9J3) A= XIE
5. L4 S5HK1+ WA} HESOHRIS 5 U488 27
6. U CIF =gt
7. HlS20{e! FHRIR 4 % FQURHE SHOILHARIS Aot FHRARt
LaeEE AR S e e 00
. RAHAF Z2 2 MH|A =20 Cf5t
saixja |3 AHIT 22l FA| £200 F AH[TY B20| S04t 77y
SexE ZAITHA 571 5 202 2O 141210t
IRETCTVES USH A}, PF IISEARL, AA E ARIHES

7HRIAL oLt LA| FEfSH At

CP(Commercial Paper, 70| Zr&lioh= 0f

5 CP REFYUE - .
TeTE S| H7| )

X2 EAE(2020), pp. 7~112 HIEOZ XXt 2Hy
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20219 8% 71E AL, AFS AT ARANE FHERASE 2
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61) MSA| 2HIXAZAE7 IXI(CShE M2 AT MAE7 IS ZABHL TIHGIH MEXS Z71ygs T
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A 157 Al B AASAASE QAR FAR 2 A FolAt A
A7 ool Ao WET ek, AE A7 FUAS THAEL 874
W TR, 1 hgole U5 Holt k. A 3
U THAE D DS it e H=o] Felslalct

_[>~

oox &30 o> i
o M orr

ofr
K

27 ZBAAEL H53 BE YRE olgsto] A7 Awge

(non-parametric) B
o, AledIHS dEAel H]—E’- 2 "ol ] SEHS 1Y
29l w4 ot & 4= QUrh.6d) 11 Qo 27| HBAIAH

2, m_UE
=~
>4
2 ok
@
=
o
3
@
=)
5,
g
i
o
Ll
=y
dr
ok

flo 4>

o

o]} 64)

62) 0/2t2(2015), p. 15.
SHUAAEL(2015), pp. 7~14.
64) ZEX, EEH=2(2011), p. 28.
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- 28713 BUHY

INERPSINESY

oMY 27BN AH 50 et WHEe] A48EE ol 94717t
AR A2 WAElo] E FHopah 91718 HUAY)E BHQ A
| Agste] WS Gio] olZo] of37] Hioltt. EFF 27| HHAL
B WY AAS o RYe P tie] B4 A4S T4
BISlE Blojshs YE ofefeo] wEch weh shio) T uy
3] ek 2714RA2E el thopet REuge TEs)e] 97 34
o thet AEReHQ ABS LS o] Faskt T 4 Yk

¢}

= 24 W7 18 B9 HEA vl
2] wpel AT ofg F5WS 2ol ] Yok, F uhy
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65) 0[3K2(2015), p.50.
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1. 012X HiZ

NERIRE 54 9lo] oo} Hyo] R AANES HPAER
9gte] 4 ESe] 55 YAA(hreshold)E Hotd 29 971l
3 AZ YO AN §V1S WEshe EHQ 2/ RRALH P

Ho]t}.66) Kaminsky and Reinhart(1999)= AlSHZLH-E 7idsto] 7
AZBASe S8 7 8 E F6-917] WS St Hl &=30] H
L7 HAESISIT) o]% ATHIHLS A520] 27| FARAAYS &6t
ol SFHLASHA AFEECH, 641 ol SATEA, WA &
ot AR 9718 AAsks o ge] AREE I QUehon

(O3 3-3) dsHZHe| 7|27HY

Max|mo| ol R0

Q|ARZ EIOI =

MEERE ) erern ¥ ez
- -w

e
Xl%

R KA R

66) ZEHY -2F43K2016), p. 34.

67) AE=Z R7|AHAAEI(KIm, Lee, and Thanh, 2011; Lee and Tsedevursen, 2013; Lee and
Lee, 2014). ZHSSAIZHAUEIE - 555, 2009). siRAIRSH - 271 F52, 2017; Choi, Kim,
and Han, 2018)
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AR} 9171 2 o] o] ulg g9l o)
& S/ WA ool fAkSHA bl
1ETEe D 9] J1% A8, @ ¥
Wt @ 2NARAS B 5 F 40

o, I‘>”

(B 3-4) MSHIHS Sot Z7|ZEAAH 215 1Y
A L&
O 7 72t Al * QI TiAL) $|7| 7172 AlE( MEE FHI, LIRS ALY
@ ZEXE &Y 217101l tha 2 0I5 ES X2 HOR Htikl= SEX|H MH
L0 ES 7|7pdx-|
@SEXE OS2 Tt |« SEXE 65 AY(AULE, S0, HS-ASHIE 5)
o MR|H B
@ 7| ARR| &Y o MBX|HO| JIBSBAS X7 |ZERSE 2y

Rt&: 0|842(2015), pp. 28~325 BIEIOZ XiX} Xt

i

ASHTHS 7 27| FEAAE 530 A WA A= §17]

7+& Aok Aot §17] 717 AEE ATt il 97171 28 7
2 A& HZH(narrative approach)2.& AAstAY B4 %91 |
AREsto] A A|9x(pressure index)E A5t YEAIF7E B4 AAA
ol St AIZIE 712 AEsH | Tt

2 H2H9] 92, Boonman(2019)2 3571 A5+ Q37|&

HotAA A 5 o] 10% ol B7HEs T s Aot 271 A
s

A31-80] 20% OJAF AFSd Ao-E 939y 2 Aldstact).
FEAFE ST T2 A e 718 veid= Heel] 7Y

68) ZIEY - et 3H2016), p. 34
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AR EAQ A& Eichengreen, Rose, and Wyplosz(1994)7}
A QBkAIA; F2 X< (foreign exchange pressure index)7} Utt.
A R B 220 A5 EY o Hadl dAael] 7S Bde
2 7(1—}\']5] Eﬂ ]_“:__-. ﬂ:@— ]X]-O] HO]—X—] fei3 [q1 EﬂE._ngo] /U-_)_\_o]._ﬂ Q]_Q;l—i_n_
7t Aashks A ouigth & dEAg= LA H7100 et dhe s
B2A, AR Ao A 917l —7}"}0 Ofm]3tt}.69) Choi,
Kim, and Han(2018)—— e 7199 dIS Frgs ARTE AMESIGL
o A& REgo| 7% ol 5Tt 75‘—?—% 147] 71702 AEsiit. o]
ES ] "JL} T} 9171 717k Aol ARl 7o EA st
A 27) dioll AR A2jA el weto] iYE st fick= AT
EA2ht.70)

) 2EXE MY

69) 012:&(2015), p. 29.
70) Davis and Karim(2008), p. 95.
71) 01&&(2015), p. 29.
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A719} dl= 717e] 2HEHE WE FEARE dfoz A4 4%
ol HE 2ol e AP RS Ao "ot AoHIH2

P 9ROl THA 9

d&gygriof] AFREE X B U E(sensitivity), 0% (specificity),
F2-415 H]E(SNR: Noise to Signal Ratio)= ARSIt}

(B 3-5) 97| A5 2} Q|7| ghAl 7k AQ0| 20 Lt =3
27|
SHX|E HhA H|hA
_ ER A B
k=
RN C D

X2 Park et al(2021), p.13, Table 82 HIEIOZ XX} X4

UREL SEARI duht A5 A5S WYSHA] B A5
2 Ho A/ATOE EFT % 9k, Sol=k 977 Ayt ke ),
FHAL A TS WYoA] %S B8R, D/B+D)E vhebd & glck

Sensitivity = Pr(y:z 1y, =1) [4] 3-1]
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Specificity = Pr(yAtZ Oly, =0) [4] 3-2]

Fe-415 Hg (1-5olm)/APwe] ve2A, 9717k TasH Qoke
T FHALI ATE PP TS H HAF ATE YA AT
o A [

o ulgw BREG Fe-4Tuee A0 HASH (4] 3-3)3} 2t

_ [B/(B+D)]  1— Specificity
SN = [4/(4+0O)] Senstitivity [} 3-3]
S| we} Fe-A5H 80| theA] ey, Wik ol FRAR
o] e-Al5u|ge] 11} Ackel 1 ARE THEsH] A3 ATS BYA]
= Ao® ST 4 Qon] Wk HiHet ARAI} A k7

@) E71ZER =y

HEHon AP/ AAEE 7 HPAES NEAE Agsiol 27)

ZBEA —’P‘% g dot. olnf 7HEAlE Fe-ATH &S] dE ARES

At ABALY TeBEOR St

ASHTES B3 2/ ARALDL 9719 e BRI JAY:
of Aol that FEet Aok AAA BelE Fol 9171 WA ool A
2 WIS, A4 he WS vhald 4 ek Aol ek et A
o ¢7] AW vioz ulee] 971 AZshlole 9719 el 4
chET B EA ARl 9717480 Ak sHe BAde] EAfatet.

1 3
e 274 8N 209 2249 28 AL FRARS A5HQ
2ot A% RSl Aol 7HI & 4 Uek7)

l_4

72) 919 M, D 30
73) ZEiY, B144542016), p. 36.
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=
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NE719e] FHdS A7l |

Kavussanos and Tsouknidis(2016)+= ZAEFHS &-8aolo] f&71d
&9 24 35S 3735192, Haider, Ou, and Pettit(2019)2 2
H 7|95 AFEH Yd(financial risk)S A75FAT}E. Park er al
(2020) Syt YFE7199 FAASE EARTS S 5613t

2ARYS 5 | RALY TE BHLS (E 3-H% SA 1Y
whEL 2714 HALHY 1] Bt 457t 5L o) BT

ojxo] A

Z7VHEALES B oz oS AAske o AT 371 bl

oflt

24 o

74) Barboza, Kimura, and Altman(2017); Clintworth, Lyridis, and Boulougouris(2021).
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gl QS| Hrf BA Wl vEsd Yol /)25 thop
© RAYE FEAE A0 FAGH, A 724 U5k H2E A%
W2 52 5o 44549 2y o] A&HoR o)

_Q
Y
o
E
ie)

1990 d] ofAlo} =7} W Alg=ol F-891717F EAgetel] weh 27|35

AlAE] tigh B Qo] tiFEIQlt SEuRtE 19973 &7 E 2
WA ofg] 7|Ho|A ZI7|BEAIAR 50| EelA o]Foffrh ERL
200899 == S6971= Q¢ a8H At et 2713 EA|AH
ARy Qe 5 9 290 Higt =97t EEdigh 22 F8917] o]
T G202 G20 AAEE &) IMF2} FSB(Financial Stability Board)7}
2713 EAIARO] gt FEATE st A7|H o R A|AH BAIE
A8t S Fr}.75)

SEuete] 27|BHAIAES 1997 917] o] HRt 718 &
oA §1719] AFE 27190 wefelr] Al TEeiA7] AR 2003
E ABTIE AR o]F AANEE tiidez 3 =7t A71REAA =4
A&FS] Fa2do] Al RAE . oA
A, 2o, ARAE, 7IE 9, R EE B EAD), A8AE,

MNEA 5 F 8 AAIFES 271FEAIAR 0] FH 70

ot
o
o
Y
ﬂ
=
i=)
o
NN
N
o,
b

A Bdsid e SASSAEKCIF7E 23S 7dst] 293
on, AR S8 Y Al 9 FHAE, e =t
el 2717 HA LS 290k Aot =W S84kl tisiAle

==

rl

; (2015) p.14.
F=21(2021), p. 62.
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1 9Je] sYRoRlAE 20099 s AAATHo] TASE 2]

& TS50, ol 201449 AT 5& E3 AEOIE shod
4-9eH20160)9] AFEEE &
9 FAAS A7t +3E vt 3l

(B 3-6) 228 X7|4E 2 M|
g2 g7l 2y
- US| 052 3(1999)
- 474 22 2774 MHKE
- 2 FBAY AR
- SHRIFAINIZ, SHOIHBAIY S 57 22
- 2 BN IR
- eI (ST
© R4 TS AR 2OHA of
30 28O= 7
2 B 289123 - BBAEYARIR(FS))
- BB X7IZEXIAEW) A1
- 271 IEEW) S5 P28

* QY ZNXIE

QUSAIE U EEnE

J

ot

KT =
=U 2871 P c XI|BHEYH ]
(e e -8 FBES 4 2 2F
- 40 B2 ASAR|S, AKX,
NEXMYY FHNERY, RsERY

- QIBMZYDY

« 5 47| 7

77) 22 27 [HEAAHR L0 SHE| 0 UX| UOLE MQAIHL| 27 [ARAIAHER DIZH0| SIHELCL,
78) LEE 2(2009), HETI 2(2014)
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e HEH7 = 5
7|t YA E MAHTH o 7|EFIRL, BHEE: ASHEREY
o IR AQIIZH|HEY
SN =S o NI
o LAFEA! Sl RY, MR 28
fr%g_*/\lé* 20179 * EX: H?EEE? EEEJE?*
(FH 2 EX]) o FEIAMSHIARY, D2YIPH
° ZHFE X7|BEAAH
L0} HREEAMATY . ASHODE, 2QIIHDS OIZAA
U
. ° ShR7|Y MU=
SH2=20f Rl e e N
* 2D, 7 |MEEM(Stress test)

Xt2: 018=2(2015), pp. 21~24, ZET! 2(2014), p. 82 21I6t0{ XXt =ty

A7) A AZEAIE, AU, 12T FEAELL) 27)ERA
o] el A AR TS g

>

1) SHSSUE AT ZIIZEALH 2EAHE

Aol 2713 HA L SASSAEKCIDAAA A 5 282
F@Eoral floH ey dSEy, A 2 sW S84 A9R7IEE,
271 A7ldSsEg oz = ATk =W l 2P AeHTHe
ggoto] F5H9NoH, sHdeiE, e dedErE, del

2 5 A7 FEell disiA & 267 *%ﬂxlﬂi-— ARESE TS A
1:]- APAFE dojR= A5 9] 7pEsto 2 ZJAPR| LS EEO]‘
o, ZUHYNSE B FF 1249 B A7 2T AP
M,

H

200849 2= w5717F 2] wet sl S8 97100 23]

—
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A& 71E dof| A7 AR /17171 siejel A = o= 7
| 27174EAI2F 7ido] "o w2t KCIFE 71&2] =l 171 9
zgo] sejofA AR Aol o] HolEe As HIstes +HEHA
o Eet SAlESAS MEe BUE S| Al =AEsAE Ad87EE
& LB SHFAA, SWAEARE, ALAPEe] Bey, A
=Y 5= BUEPP| At SHes A eI N =AE
Al 27|73 EALE 29 2HE Heol skl AlE gey, &
AFEAEE Aol 27|14RR7F @A 29 Foll Uths0

)

v Ho

2) 28%Hs] SSAT ZIIZEALY 2EAHE

2003¢ A1871E A o] =7} QP71 HEAA LE5AYY Yo EH
oA 27| FRAIAR S S84t getion, A, 4], o
Z ARY EQFEAE dISsh] ol 384 BEoR FEE QI 18A
A FELEYAARFSDE AFEste] AAXNE 2ol B% 5897
2 QIARIth FSIE= 29, Ad, 34, 98 5 4714 F=24E A4E 753
ot} Y71AE &Nt 29A A = ASHTHE o184 7%= o
of 8719 B U= APARE TS S84 271 H EAFEWD
£ APgsitt 3gAolAE EWIE S8R F=oto] #Egith. EWIE
A 717l i) ARge A3t 19974 = QJ3ReY7], 1999 th-AlE,
20034 A1871= AH, 200849 229 F871E IZ J4stat &
BAHS= A71AE gt BIHRIAE F71H 07 A5kl glov o
oFor F/oA| P=rt.8D

79) THZEAIE AEHIt DHS SHAFAAE, SHATHEAE, AN, 28 7t ASAN, EXLA A2
(Investor Sentiment)Q| b7 2202 LMEIC}

80) ZNIZ2ME{(ZAIY: 2021.8.20)

81) M2l - 22Xl - ¥7|5(2019), pp. 174~175
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(H3-7) S8AI8 Z7IGEAI2H 2Y

A MIRLHE

1A SELEYAXFSI) YAX| 21 Al FELI7IZ 214
2HA BRI HAXEZ TE SBAY 27 [FEX|=EWI) A4
SEA R7|ZEXEW) s5E T2 &2

X2 B - R - 47152019, p. 175
3) Z8HSH 871 ZUIZHAAH 2F At

F8AEYAY 27 HEAIAR(K-SEEK: Supervisory Early Warning
and Evaluation Kits)} F42Q1 A8ollA A 4649 4 /FE=-83A
o] /MY & R FELZ 4EtiA A9E S BUIokL, 834
o] RAZNSAE 270 Aok Ag HHOE 8 g5 A=Y &
T THHA RS S8 AATE 7R eE o R dY AR (Handy) Al
7o} AFHFE ol-&olA F7IH 0 IHTE Fofste 27| FERY

O
of % 7b] ALEE LT ek

22 AU MAIZA| XIE 27|30y
=X HE 283 & SEUY V| = JHE 28IM X S8 ?17| & E7t
o & HAZHEE ERVIES
295 | AL0| 7MY X|HE S35} SAX 7Y & IS Alget 24 &
it bl tlals 5 0|5 28, 2riE 0y
2 35|A0] O HXMM K|E YNNI=F,
XA, ~op o S ag DS FR AT XIE, Xtk £
7|7_<X|-§ 1O, T o, Moo © aob | gl _J,\_O|__'J_A-| x7|. H:|E)L-|EA|J:U(-|E
HAIEH - 38 B
2837 | HE(HYEE) =7

82) 28¢5 B X=(2018. 12. 19), p. 16.
FEASH(2021), p. 63.
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(E 3-9) HYE 27|ZEEY 2F&(2020)

ARA A}
B Ay esgady aguee SR augmes
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Q=Y A _
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=8 2 ArUS zle
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CAp 7IEAD
- otig 52
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- Fy|ol232 P
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o REARR A
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(1) #7171

o

ol

103) 0|&2(2015), pp. 28~32; Choi, Kim, and Han(2018), pp. 1012-1017.
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© FEARS| d&¥o] SHsiEES sk 4]

< Y3 (sensitivity)2} E0]|%(specificity) & &

St diSEol Bet A E= A 71T FEARS] A TTA
S

9] & Uehd E=3<Y(confusion matrix)= AREste] ¢

7|
SH X|E L H|2A
; sy A B
k=1
B2 C D

X2 Park et al(2021), p. 13, Table 82 HIEIOZ KA} Kb

A2 vl (1-5olw)/UgEe] B&2H, 7)7H Bgata] gke
o THAFI} A2 st o

[B/(B+ D)] 11— Specificity

= = ] 5-
NTSR [A/(A+ O) Senstitivity [+ 5-2]

FEAE] ute} Fe-AlEHgo] theA| Lehed), Wik of| FRAE
of Fhg-AlElgo] 1%eh Arkd 1 AT THEsH] A3 A1
L AoR ST 4 glow weh AR A9A I}

105) 0/2t&(2015), p. 30.
106) /2| 2, p. 30.
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e 271geAA Y 7% 05

(4) Z7|35X|a ALt

A = Sl AFH R AYH AYRNBEL 7€ =E 479 AY
Axe] WAE FEE FEoHA }.7]751£X]T(E\5(/II Early Warning
Index)E ZARth X71FEAF= APARY 7Moo AlAtEH, A
1Y 7S Ae A3-A18EEY JE ARGRTE ofd X H9] FZ-4AlT
Hl&o] Wth= A2 11 A 19 d5Yo] o= A& ulstug, H3-
SHEY] g5 7R E ARSIt A2 S8l &2 A# H l“——:

HAEAE 2ok AL oulsict107)

i
0

- MaR|Eo| 022 2

- OjS200] wrha s
RlEE SERIEZ0 K
9

- 2T B - 21700] ik MEMS B
- 2N SHINS 202 Hesl 22AE
ik A2 9712 HY 2275

- 05 BIE S0 7y
REE J1E0 £71Es
R 2h

A
INERP STV

107) 91| &, p. 32.
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2) 2XID54108)

Squares)2.2 AFE 4 =
gk ofyg} =4EE0] 0 1Al Hlold =k 0171 ‘ﬂ%‘oﬂ BEALYS
A H(MLE: Maximum Likelihood Estimation)& AR&slo] A4
£ S 110 2ARPL thZa} Zo] HFY & QUrh1D

ZT‘
~ o
)
e,
(-'>~
ofl
o
)
HJ
of
1o
m
_>;L
N
S
_>il.4
O
:L
=
F”i’ﬁ
gI:d

y, = Br, +e¢ [4] 5-4]

H AoA z= AYHEgoltt 2 7|Higho] 00]
(cumulative distribution function)”} F(e)Ql d|& QX%

L BN %S AA $EUSE oujsied), Wk 47

(v >0), y'= thewt 2o thehd 4 9tk

o
fT*
L
%

1,ify, >0
= . [4] 5-5]
Yt 0,ify, <0 =

ZRBL (4] 5419 [4] 5-51) TAE A8sle] chat o] Tl

108
109
110
1

HEBH2020), pp. 9~14.
2H2I2K(2001), Polina(2009)
Hill, Griffiths, and Lim(2018), p. 550.

2ES Plol Hes Heloll, SHH7t ol RS 7HIoIA
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stee x7lgzAAY 75 05

Pr(y, = 118z,) =Pr(y, > 0)=1— F(8z,) [4] 5-6]
29 A pE 2 HE ARSsto] At JdY 45 245

AaiA AiEexte] Bxo] tigk 7go] a3, EARELS S5} (O]
2AAE(logistic) +2E WETIL 7PY3Itt112) oj&Q0410] &gt
5 7HotH S E skt 4 4T 4 U, 7 2 &
L 7 & ok

7] S EL 2PN A= & Q7] "o ZAAE HSK]ogistic
transformation)& & SHHFe} YSE 1F BAE EA5to]of &

o} 2AAE Weke theat Zo| HEY 4 otk

Pr(y, =1l8z,) = F(Bz,) = - [4] 5-7]
1+exp ™'
91 A Agaid theTt 2e BAS ¥e - Ak
Pl‘(il/t = 1|th) _ pt _ eXpB.’I:, [/\—1] 5—8]

1-Pr(y, =1Bz,) 1—p,

Dy
logit(y,) = In(-——) = pu, [4] 5-9]
L=p;
112) 0|24t 2R DY £ W0 ATXI0) M2t 2RNDHS ZXIAE 32402 £27|c STt
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402 gt vt QRSAIY H71E UrEMV] 919
U A=(SPI: Shipping Pressure Index)® t33 Ztt.

SP[f =— A’wt’()it — Ainc T Acgit [}\_1] 5_10]

A AoA, wtvie $2FFC2 2 CPB(Centraal Planbureau)?] A4
AE D9 LE Yehdith, 42000 #3F WS ineS AFRSIYLE inc
?Mf'lr Mu|A $27] & Aoz Qajua} djLr o] si4t
&l HolERl QPSS Qulgttt. 7H4 e csiE ANES
i+ Clarksons9] Clarksea Indexo|t}. E4Rt2= A7IAI=0|H
71 {2 2007M15-E 2021M60]tt.

CS1

SIAEN) ro rlr
1z 0>

SPI:= S12A19) SI717k S8R5 Q1% 712 B
Sk Zhgatol AEigich thl Wi, SPIe) e Aol §1de] 571

f84 o
S92= 5o, 92 8 3 ool Aastal, 7HAo] o o Y
s Zpgsiolet
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see FEAAL 75 05

H 5-2) ci2UHX|s FEXE

22 X|= T2 =5 712t
+Q | MARGZX|S HQIE  «(CPB —
2
AO| | BHALQAAO] o Sl o5
T OHOLOTI:I $ |_:'1'|-|_o "'2021’\/‘6
7t | Clarksea Index $/day | e Clarksons
RH2: KA &b

b AFIE, 97] 717h SPIVt BEEFO ZHE puljS: oA} 271t
9 717F IS o2 Attt B AoAe SPIVF REFHOR
HE 1 BFHEAE 2718 A5 AR A7|E AEeHtHk = 1).
EA717H2007M1~2021M6) % SPI7} HEHFORHE | HZHA o
At 97] 7172 3l Aoz vl

T 5-3) 97| 712t

7| 712t k
* 2008M11~2009M10
* 2016M7~2016M10 1
* 2020M5~2020M6
A= KA 2

Al 710 A Aow ddEE FEARE FFE0), T8

4, &4/520), B, #8@D=E F 20719 ¥sE, SEAR WIS
(E 5-4)° FF51rh
Stopford(2008)2] A|Qtol uk
stelow, fQHEEL AR :
ook /49, B, 8ol ATt HE&HTE ARSI TEARE F
Aetiedl, VIXE FHEA|3of| 23ste] FA] ESAES WHgstaat

steick
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(O3 5-2) sii2X|2t 217] 712t

10 5,000

- 4,000

- 3,000

- 2,000

\‘\ -\

A »
\h\,',\,; v"‘"r r

Y

— 1,000

0

T T T T T
2007 2009 2011 2013 2015 2017 2019 2021

L SiegeKiel BEa BEETENE

PNI=MPSIN RSP

VIXE A7FAAAZ A 523 A]4(Chicago Board Options Exchange
Volatility Index)&, Al } % AAH A AFGH S&P 500 A|=2442] 30
A 7F S UEtH= Aeoltth VIXE oo dA-olA AXAFA B
A9 Y8R AREDL Qich113) Ao EgHAdo] SHE Qe
ol AFAES RS nIFIL ESHEA0] siAE7| 7]
F(wait-and-see)ot= FHE HRIth114) ESAHA] 542 oA =
80} T 5o T2 =, EFEA0] SHEE ARlA 71dS
FARL BAkS v|Ro] sEA 80 ¥ 1, A FARES F

AE A7Iete] A S0l dFE vAA o

113) Bloom(2009); Baker, Bloom, and Davis(2016)
114) Bloom(2009), p. 624.
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52 X71ZEAAY 75 05

(B 5-4) X7|4EX4 SHAE L]

8= L B e =X 712t
MARMA O X1 | DWT
Her oI X2 DWT
35 | S0M Hel X3 DWT | Clarksons ~22000271,\l<|/l16
HEM I X4 | HOIE
SaM A X5 | HQIE
=224 S5 X6 HOIE 2015M1~2021M6
~g ?ggltl HElE X7 TEU Clarksons 2011M1~2021M6
U E =5 X8 = S 2007M1~2021M6
OECD A HMAK|4 X9 HOIE OECD 2007M1~2021M5
BDI X10 = HEQIE | Clarksons ~22000271,\l<|/l16
CCFI X11 | HQIE
/%%!l EERAE X12 | $/day 2007M1
T 24z X13 | $/day | Clarksons ~2021M6
T HIM 49 X14 | $/day
A 0| AM 29 X15 | $/day 2008M1~2021M6
HE& ;cig?(’ji;f’—*‘(é'ﬂEE X16 /ije Clarksons ~22000271,\l<|/l16
LIBOR 22| X17 % Clarksons
VIX X18 | HQIE FRED
S8 eEAf: X19 | EQIE szoooz%g
s g
ST X0 | SR -

Z 1) CPB=Centraal Planbureau; OECD=0rganisation for Economic Co-operation and
Development; FRED=Federal Reserve Economic Data; BDI=Baltic Dry Index; CCFI=China
Containerized Freight Index; VIX=CBOE Volatility Index

2) 4717t 2007M1~2021M6

Atz: XA 2
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SRALR AFE ¥4t AU 5Y o 48R uasigen, 3¢

ARFE(x17)E AdHH] SROR WIS (E 5-5)% FRAE

(o u o onu = ==
AT
(& 5-5) SEX|H 7|ZSAY
el %

B Yz BZEHEX 22U E|3Et HEX|
X1 78.75 264.39 -97.00 1653.72 174
X2 4.33 25.60 -59.00 57.40 174
X3 19.00 60.80 -81.02 347.64 174
X4 -1.40 7.44 -25.76 10.73 174
X5 -1.49 22.67 -68.10 72.32 174
X6 1.81 3.96 -11.84 10.22 66

6.24 5.65 -17.50 35.50 114
X8 2.98 6.79 -17.55 18.94 173

0.47 5.75 -20.44 25.05 173
X10 21.45 89.16 -92.46 506.26 174
X11 5.86 31.17 -33.67 195.24 174
X12 12.17 55.60 -88.70 208.10 174
X13 13.28 65.37 -75.12 426.49 174
X14 20.40 80.90 -91.95 429.97 174
X15 14.56 60.56 -75.12 330.99 150
X16 8.39 41.44 -58.3b 109.21 174
x17 -0.35 0.97 -3.22 1.27 174
X18 15.72 56.51 -62.17 298.59 174
X19 8.16 15.27 -42.92 50.48 174
X20 13.93 86.56 -62.89 406.58 174

F1) FEXHY 0|2 232 7|28HY
2) 22| ALY E(XIT)2 HAS7| tiH| 5E
A= KA ARY
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e 271geAA Y 7% 05

N,
el
N,
1o
%
H
rin
-lO[i
T
A,
|
rlr
o,
=N
)
o
|
AN
r\:‘
+
N
)
fﬁ
s
B
FN
j:;
3

AR 285 &3l FEARIE f710] dish e Ao s TP =
A TRty ZF SERAETE AARE Holg 4, o At Aes T
AAZ1E AR Mttt AR S SHA|E QI dS=o] ¢
SHL AL o] gl8) 54 TN olFoixltE] B AT 7 F
HIHO| FIHoA AR 5%} 5H9 5%E A et 7oA AARE EA
SHRLE 24 AR A5ES Siskehs WdeR olFolX=t, & A

L gigiEet oo Be ISRl Lu(2012)9] U usitt

B 5-6) Z7|46A14 SEAE 55 QX U AS-HSH|E
wg | 22| 5 oizie o= g8
25 UAH|X| -ASH|IE

X1 + -0.43 0.54 0.34 1.23

X2 + 0.64 0.77 0.81 0.25

X3 + -0.70 0.58 0.23 1.32

X4 = -0.15 0.65 0.44 0.87

X5 - -0.03 0.50 0.56 0.88

X6 - -0.03 0.50 0.56 0.88

X7 - -0.57 0.60 0.16 1.40

X8 - 0.09 0.54 0.51 0.91
115) 22 2 SBAIER SHEOZ 1274H0M 24702 M6t QLY.
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o= I me

U ws o de = SUETIE:
X9 - -0.20 0.46 0.18 1.78
X0 - -0.21 0.70 0.58 0.59
X1 - -0.24 0.50 0.41 1.17
X12 | - -0.46 0.55 0.43 1.05
X13 | - -0.10 0.21 0.55 2.10
X4 - -0.36 0.70 0.51 0.70
X15 | - 0.25 0.29 0.77 0.80
X6+ 1.11 0.21 0.93 0.34
X7+ 0.80 0.21 0.83 0.81
X118 + 0.15 0.64 0.72 0.44
Xx19 | - 0.11 0.20 0.50 2.50
X20 - -0.28 0.46 0.57 0.94
1) AXMUAARI= Liu(2012)Q] LA X| AYuHs IS
2) HZE(sensitivity)= A 217171 DMsIFS I, ST LMSH L. S0|=(specificity)= 1717t
B 9IS T, RS} UAH 2 B2 ol
3) ts-F3H | 2 (1-50|%)/21d=E LIEHH
4) & *—H*‘.:.’%E ﬁ%—*lgﬂlgol 180 222 90|

b) 0|2 25 2t FEX|HL 97|7te| Aol 5t 0|24 Watd S LIEH
KHE: KKt &R

FEAR &Y AP B F 127114 A 77} ARt B
A EE ZEHEO Mut olwEk x2), ARA 7HA(x4), 214 71 (X5),
Z 370 Mg AEQloH, 3R EL 28 55 A4(xe), =T
i & S5F()o] AHE. 29/7HFE2 471 WsE, BDI(X10),
Bt @A eel(xi4) 283 B Aol sel(xi5)e] A=
H]-8HZ2 AR 7HE(x16)0] A=, F6-2 LIBOR a8](X17),
VIX(X18), sid25A F7HA5=(x20)7} ﬁ%ﬂﬂ%ﬂk 27 EAP 14
A& F HEA7 HE53 22 EFTASE vlolH FHE 7hs AHEEH

7WEEstel Aeg AERSS Bt
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(O™ 5-3
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I},

B 5-7) si2d

INESS

LIBOR 22|
VIX

e2SY T/l

o
T
% gl 2714

ARXZ]
SEAITE AT

e FIAAY 715

X782 X FERIE WS

22 7y
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X14
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(13 5-3) Z7[QERI40f QRIS

LS

7
x4

T
2007 2009 201 2013 2015 2017 2019 2021

F 1) Y2 UHS HPIIIFLXLE 0150, HE LS BRI

2) £49 Ho|S Si3f DE vi4E BESIY S
3) 244712t:2007M1~2021M6.
|-§ X-IXI— I}‘A‘l

2713 HA = AHATE 1~671E APshe HEe Holed, ol

" A% 2k DAYBRA 44 AMIME FAT A0S Bk
(& 5-8) Z27|ZE X[ YBKX| 7F WARMEEA AY
AIZKh) -1 -2 -3 -4 -5 -6
At
N 0.59*** 0.55*** 0.5*** 0.46*** 0.39*** 0.28***
A=

1) WYKL t — h AN X7|AEX|4= 7o) A4

2) ***p<0.01,**p<0.05, *p<0.10
NE=RPSIN RS

OpR9ro 2 27|14 HA49] & JARE HAste] ngQ] A3 s 4
okt HA A= 7PEA| 1] &8 AT vR7EA R Liu(2012)2]
HhRo] wek A5t
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see FEAAL 75 05

AP AL B, W, B0k, FAREIEAS] oliH2(AUROC:
Area Under The Receiver Operating characteristic Curve), ZL2|1L
QPS(Quadratic Probability Score)& HFEOZE 0]—‘7——01ﬁ1:‘r A=
AR H2NA AAR719F BB Aot A[sh= Bl&o|H, T ¢
717} SIS W, HgollM e Alert ARt BeE sttt Bolee=
7171 FAsHA] oo, Ao BAYSHA] gk Hlgoltt. AUROCE A=
o QA2 ASBAE st BP9 d&5ds HAScke BRlem
AUC 93o] 19| 7Mh&55 2y dSeo] 2 Zox it

QPS= B+ AlF QXHmean squared erron)Z, 7|73 R A9 AA|

T
OPS— %22(3—}@)2 [4] 5-11]
9 oA pE AEH BEE, [t, t+ 118 Z7|FEASTL Y719
dhat AU ATS WA FES ulRt. & E 5V B A7
wgsiglod 1, 1% %ol 09 e AUk oguselthie
Kam1nsky(l999)°ﬂ ‘IJD“:EE QPSE= 0914 19 HeE XY, 0o 717t

g 23] w2t o7 d= st
0.152 Yet ASATHE B89 2717 HAIL
%

go] sARE Y7101 AEet 5ol e ERI 4+ A7)

116) P= 27|48 X0 AN 252, L34 20| FHIRICE
A&7 ASEaL, h7) At 91717 Ak o] 4=
t = )\]§7], \:ﬂ—xgﬁl_ rﬂ—o] ES
117) HISAAS T MF6IHE QPSE HaA0I3C(371E=0.13, 1271&=0.15)

-
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T 5-9) MSHAH X7|HEA|ARIQ M
=R Mt oizte E0|= AUC  ZX AR QPS
SH2Y | 87.36% @ 88.24% | 87.26% 0.88 1.08 0.15

X 1) NETRY B X

>

=1
=

L Ly
AR 2712t 2o *'27} 2o

2) Heee= A H20|A = HIgS 20|
3) DIA=E 717t “aé)ﬁf 2 M, 20N AMSTt UMSt ZL
4) E0|== 7|7t LA | UUS I, ZHOAME MS T LMK 242 AL
5) AUCE $=AIXH E4 M9 Ot2fHE(Area Under the ROC curve)

X2 KA R

ABHTHE B3 2/14RAATL 87.36%9) LS Horh. Eof
(872609 NAEE8.27%) HA 80% Ve Bk ol
2 A0 2714RA2do] A 9710 el w2 clZee Aus
Ao slolsf

o
AE T e=E ,Kl Sii

>

(28 5-4) H2Z7|ZEX|%

20‘07 20’09 20‘11 20‘13 20‘15 2017 20‘19
F 1) A2 22 a7 |EEXIRE 0|5, 2 EHM2 EA UAX|

2) £4712t:2007M1~2021M6
INE=RPAIN RS S|

T
2021

HL5710] that HBAEE ulshs 271 FHASE 7] B4 64
o A AT WA AL AT
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I HEAAY T

13
=

A

9719} 2016

2
oE HAth
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jm}

s

Aol HwE 3

H, 20209 COVID-19 dd]

3

Ho]

o0

B8P 9

O
=

S0 thug

2 Aolc}. wabA o

S S35t ZI|PEAIAY 75

_ZH_u

ELE
23S TS 2

3

L

Al

Al

22 AY A0R Uehd W5E 85t 2

(E 5-10)3} 2119

AN
T

qJ

71712t

* 2008M11~2009M10
* 2016M7~2016M10
* 2020M5~2020M6

St

Of thet

A
T

Ofl M H|2lotRAct. &

X 27t 4t
S L2 R|1Z2 Anst| srict

S
]

=
=

AHA|

118) M= &
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L 71Z(A7FEZ 380cst)
LIBOR 22|
VIX

X16

HIE

X17

X18

00
o

X20

NSRS RSS!

]

27} Wald $A4% 242 %

K

A

T

e
T

T
A

g

Hr
ol

i

(H5-11)

Aol 2Y

il

HEO= 0n Ct2X|

A7t &

HRMO =X
oo TOo

119) Wald
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ey X7 1HeA Y 75 05

o2t AT W A4 el Ak ot AxAd 3
SIA 7o) @710 e o8 Faot dAShe Ao YERAIR 127
d AR GoA = ol 2 RitiE= 1‘?—;% E%EP —%%1/—?91%91 i
o] A O|EHFZ =

e
>
o
!
of
I i)
o
=
i
L
_,_,
09_,
E

(H5-11) S8+ 0158 44 21

0|2 h=3 h=6 h=12
He o

=k} 8 2 8 2 8 \2
X2 + 0.73** 6.48** 1.34%%% | 14.3%%* 0.46* 2.87%
X4 - | -0.63*** | 7.66*** 0.02 0.01 1.97%%% | 14.38***
X5 = | S1T72%x ) 23.8%%% | =Q.73%*% 7 7**¥ 1.00%** | 8.271***
X8 - | -0.88*** | 12.31*** | -0.b4** = 4.88** 0.25 0.71
X10 - SAN4FE B 2% ] 4 6.19** 0.23 0.74
X14 = SATE*F | 1871 | —1.69%%* | 7.06%** 0.24 0.88
X15 - | —3.23%* | 15.99%** | - 7b*** 7 30%** 0.1 0.05
X16 + | -1.36%* | 11.29%*  -0.36 1.51 0.77*** | 8.26%**

X17 +  -0.97*** | 15.3b*** | -1.05%** | 17.26%** | -1.04*** | 17.56***
X18 + 0.89%** | 13.69*** = 0.5b*** | 6.65*** | (0.78*** | 11.55***
X20 - | -7.43%%  16.01%** | -2.69** | 589** | (0.71%** | 7.58***

F 1) pE U 2RRH A0|H, )(2L Wald 710[Xl& SAS 20|

B A2 94 ANE seow, et g A 7K BEe 7
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logit(y,) = By + 8,X2, 5+ By X4y 5+ B X5, 5+ B X8, 5+

B10X10; _ 5+ B, X14, _ 5+ 15 X15, 5+ B3 X18, _ 5+
B X20, 5+ ¢, [5—]1 5-12]

10git(yt) = By T B2X2, ¢+ B5 X5, ¢+ Bs X8, ¢ + (19 X10, ¢+

BraX14, o+ B15X15, ¢+ B3 X18, ¢+
B2 X20, ¢+ ¢ [&' 5-13]

IOgit(?h) = By + o X2 1y + B16X16, 15 + B3 X18, 1 T € [/_k_]' 5-14]

(512 2ARY] 24278 thebic. o)A (VDL 3712 A
Auo] Fvjole], (IS /Y AP B ANE ki (3)
g2 12719 ARmel 2% Azl

H5-12) 232 4 21

o h=3 h=6 h=12
(1) ) )
X2 -2.46** 1.19* 0.59*
(1.11) (0.67) (0.34)
X4 2.79
(2.10)
X5 -4.61 2.30
(3.34) (1.45)
A8 -0.64 -0.30
(0.88) (0.83)
X10 2.39 15.88
(7.95) (9.69)
X14 -5.66 -23.21*
(9.52) (13.43)
X15 -1.81 -0.39
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X20 -9.63** -7.19
(4.62) 4.79)
Pseudo R? 0.674 0.478 0.274
Obs. 146 144 162
Z 1) 2A2Y 8 At
2) ***p<0.01, ** p(0.05, *p(0.10
NN IW Iy
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H5-13) 28 MYE

23 e U= £0|= AUC E5 AR
281 94.52% 91.67% 94.78% 0.98 0.18
242 81.61% 32.56% 97.71% 0.82 0.21
2d3 93.21% 70.59% 95.86% 0.81 0.29

1) DYE M 2 21, 2 2, B 32 42 AAPE 3, 6, 1201 SRS LHE DHE 90|
2) HE-e= A BE20IM QHI 712t 2| MSIt UX|GH= HigS 20|
3) DU = Q7171 YMGIAS M, ZYOIN MESTt 2MSH 4
4) E0|== 7|7} L5ty | &*9{‘5 I, DSHAME AST} LIMEHK| 2 AL

5) AUCE £AIR} 5% M9 of2H=E(Area Under the ROC curve)

RH2: K{AF &HA
HeEl AAREANA A 7] BAholol Ay ofR7} A
298 Srisiel, MR S/17h AL 1 BYIAE SYT AT
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8 - ou3
S T T T T
T T T T T T T [ 0.00 0.25 0.50 0.75 1.00
2008 2010 2012 2014 2016 2018 2020 20} 1-specificity
c. B3 d. AUROC

1) 28 ¥ £ 97|YMABI AUROC
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B 5-14) MY 2 2X03 17| A AR Mt

o3 xate ki E0|= AUC EHAAR

NeE2Y | 87.36% 88.24% 87.26% 0.88 11.08
2RDY | 94.52% 91.67% 94.78% 0.98 0.18
1) ASHIY 3 AR HE A

2) Yl HA BR0I U $7]et 280 {50t UR[SH: HIgS 20|

3) BIUEE 9717 HGINNS O, DHOIN MST Lust B

4) E0|== 917171 st | ?.f%t‘é I, ZHUAE MSTt LMK U2 B2
5) AUCE #=AIXt EM 2M9| Of2iHE(Area Under the ROC curve)
X2 KAt EHA
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