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ADF ZE(2ZE []7|123 Z%): Augmented Dickey Fuller test
AHP(HAZEA): Analytic Hierarchy Process

Al(R1Z X|5): Artificial Intelligence

AIC(O7I0]H HE 7|&F): Akaike Information criterion
AIS(MEIRFSAEA|ARD: Automatic |dentification System
ALPS(CteEX|7AH]): Advanced Liquid Processing System
BDI(HE2QX|%): Baltic Dry Index

BOT(AIZte] SE01 MHE SENX A|ARO| ML HE AEH): behavior over time
BPA(SEASITEEAL: Busan Port Authority

CAWI(RE3HE M2 X|0]| 25t 22121 ZA}: Computer Aided Web Interview
CCT(BZSIEMeMES): Compensated Gross Tonnage
CLD(QI1}#=3tX|E): Causal Loop Diagram

CONCORMHHAE 0|25t 12X S SHHH): CONvergence of iteration
CORirealtion

COVID-19(Z 2LHI0|H A ZHEZ): coronavirus disease of 2019

CPTPP(ZZN - MZEIN S HAAMSHIXIEA). Comprehensive and Progressive

Agreement for Trans—Pacific Partnership

DEARt=2 =2 M): Data Envelopment Analysis

ESG(EHE, Atsl, 7|1 RIHITLZ): Environmental, Social, and Governance
EU(REED: European Union

EWS(E7|4E ANAHED: Early Warning System

FFAGHA2UME AHz2H): Forward Freight Agreement

FPE(Z|Z0|Z22): Final Prediction Error

FTARFR 2 & H): Free Trade Agreement

GARCH(YgH X7 | 3|9 =718 0|24+H4): Generalized AutoRegressive



Conditional Heteroskedasticity

GRDP(X|HLHZ M4 Gross Regional Domestic Product
GSCPI(Z2Y 22U YX|$): Global Supply Chain Pressure Index
HUG(FE=A|ESEAD: Housing & Urban Guarantee Corporation
HQ@HA 2 7|&): Hannan-Quinn criterion

IAEA(Z MK 7|7): International Atomic Energy Agency
ICT(HEEAI7|2): Information & Communications Technology
I[EAEHIOILX| 7|71 International Energy Agency

IMF(=Z2H| £} 7|13): International Monetary Fund
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JCPOA(E N Z=ZH &l): Joint Comprehensive Plan of Action

JDC(HIF=ZMAHR EAIZHEMIE): Jeju Free International City Development
Center

KIOST(St=alY sl 7|=®): Korea Institute of Ocean Science & Technology
KMI(BH2aH Q4= A7HEr): Korea Maritime Institute
KOSIS(Z7}EA L E): Korean Statistical Information Service

KRISO(MESHUFZ HE HA): Korea Research Institute of Ships and Ocean
Engineering

LA/LB(ZAOHAY A /ZH|X|E2H: Los Angeles and Long Beach
LDAEIIHA C|2|2 &9): Latent Dirichlet Allocation
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MERS(E=5E7|5%7): Middle East Respiratory Syndrome Coronavirus
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MPI(HIAIX] M QIE{TH|0]|A): Message Passing Interface
NGOH|™EE 7|7): nongovernmental organization
NLP(XIH 0| XM2|7|&): natural language processing
NLTK(XFH0{ %{2| TH7|X|): Natural Language Toolkit
NSI(sA A2] X|42): News Sentiment Index

OECD(AMIZ=I71&7]72): Organization for Economic Cooperation and
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RBA(RI&7|8t MZ): Risk Based Approach
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UNZXAE): United Nations
UNDP(R2 7Het A &l): United Nations Development Programme
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VAR(HIEIX}t7|3]H): Vector Auto—-Regression
WEF(MIAIZHEZ]): World Economic Forum

WHOMIAIEZ17|7): World Health Organization
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EXECUTIVE SUMMARY

A Study on the Identification of Future
Risks and Impact Analysis of the
Oceans and Fisheries Sector (I1)

Chan-Ho Kim - Eun-Soo Kim - Seok-Woo Choi - Se-Won Kim
Dong-A Park - Na-Young Lee - Young-Hoon Kim - Heon-Ju Jo
Dong-Lim Lee - Su-Jin Heo * Hyun-Jung Ha - Ho-Choon Lee
Gun-Woo Choi - Hee-Young Ryu * Sung-Jin Cho - Ji-Yeon Choi
Hee-Jung Choi - Mi-Ju Kim - Hee-Jay Kang - Jae-Ho Shin
Jin-Sung Rha - Chang-Hee Kim - Sung-Ki Kim - Young-Jun Kim
Seong-Tae Hong - Kang-Hwa Choi - Chang-Kwon Chung
Jae-gun Eom - Hyo-Sook Yim

1. Background and purpose

1) Purpose

= The complexity of modern society and increasing future

uncertainty results in growing social and economic costs.

- The impact of Covid-19 shrank the world economic growth by

more than 3.1% in 2020, and the world trade volume declined
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by more than 8.2%. (IMF, 2022)

- Following the Covid-19 pandemic, the Russia-Ukraine war has
posed a series of threats to the global supply chain which has
led to the global economy mired in stagflation whereby high
inflation, unemployment, and economic recession unfold at the

same time.

= The ocean and fisheries sector is not only largely exposed
to uncontrollable and destructive events (turbulence3)) such
as natural disasters, but also possesses a variety of deliberate®
events that may interrupt ocean and fisheries related

businesses or cause human or financial damage.

- The Great East Japan Earthquake forced the shutdown of 16 ports
within Japan in 2011. When the Ever Given ran aground in the
Suez Canal, more than 200 ships suspended the operation in a

crucial East-West waterway for global shipping.

- On top of that, a variety of risks remain which include; accelerated
global warming, creation of super typhoons, increased ocean
plastic wastes, radioactive pollution by nuclear wastewater,
China’s preemptive investment in global logistics infrastructure,
paralysis of the global supply chain resulting from infectious

diseases, damage of logistics infrastructure due to natural

3) Represented as turbulence, frequent changes in uncontrollable external environments
include unpredictable demand, fluctuation in currency and prices, geopolitical crisis, natural
disasters, technological failures and infectious diseases.

4) Deliberate threats imply intentional threats that may disrupt business operations or cause
human or financial damage such as terrors and interference activities, illegal copy and
robbery, labor disputes, special interest organizations, industrial spying and product
responsibilities.
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disasters, an increase of environmental pollution at ports and

the vulnerability of cyber security at ports etc.

= Despite these risks faced by the ocean and fisheries sector,
there has been a lack of research on developing a response
system to enhance resilience through capabilities such as

absorbing power, adaptability, and recovery.

- Discussions on formulating preemptive response measures have
been insufficient by forecasting an unexpected x-event or

developing a scenario on how an event unfolds.

= It is necessary to forecast a variety of future risks that may
occur in the ocean and fisheries sector, in particular,
predicting the possibility of the occurrence of x-events,
analyze the resultant impacts, and then secure the resilience
(absorbing power, adaptability and recovery) based on the
analysis. Such efforts contribute to the establishment of a
venue for discussion to promote the sustainable development

of the ocean and fisheries industry.

2) Purpose

= Same as the 1st year of the study, this study aims to analyze
the impact of a variety of risks by discovering probable future
risks in the ocean and fisheries sector and developing as well

as utilizing a number of impact analysis models.

- Through several conferences and joint research related to the
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ocean and fisheries sector, this study intends to establish a venue
for relevant discussions by spreading the research basis for future
risks.

A variety of research data were secured to support the establishment

of ocean and fisheries strategies in response to future risks.

With the comparison between the risks discovered during the
1st year of the study and additional risks found after the 1st
year of the study to now, this study analyzed the change in
public awareness of potential risks that may occur in the

ocean and fisheries sector.

After selecting highly important risks from the risks
discovered, this study applied the advanced version of the
analysis model utilized during the 1st year of the study or
a new analysis methodology to deduce the spillover effect of

risk occurrence.

Methodology and Features

1) Methodology

XXii

(Literature review) Future risks related to the ocean and
fisheries sector were collected centering on literature data
including domestic and foreign policy reports, academic

articles and news reports etc.

(Big data analysis) In order to systematically classify the data
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collected, a topic modelling-based big data analysis was
conducted to extract the first list of preliminary risks. For
the purpose of verifying and supplementing the first list, this
study conducted expert advisory meetings and brainstorming
with researchers to produce the second list of preliminary

risks.

(Survey) With the second list of preliminary risks extracted,
a survey was carried out targeting 166 experts in the ocean
and fisheries sector to draw the risks that reflect distinct
characteristics of the ocean and fisheries sector. Following
the survey on experts, this study conducted a survey targeting
the general public (2,000 people) to deduce the final list of

risks and the priority per sector.

(Collaborative research) Various forms of collaborative
research were conducted with external specialized institutes

and experts to improve the quality of the research.

The big data analysis for extracting preliminary risks was jointly
carried out by the Korea Productions and Operations Management
Society.

Commissioned to Hankook Research, the survey was utilized to

draw the priority and the final list of risks.

While strengthening the analysis capacity of internal researchers
through 7~9 rounds of educational programs per each sector of
ocean and fisheries, this study carried out a collaborative study

between the academy and research institutes to develop an
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analysis model and analyze the spillover effects.

Research results were shared by holding a future risk seminar

in the ocean and fisheries sector

2) Features

XXiv

Targeting collected literature data (91 reports), academic
articles (592 domestic and 3,917 foreign articles) and news
reports (29,824 cases), this study utilized the big data topic
modeling to comprehensively extract keywords and topics of
risks that may potentially occur in the ocean and fisheries

sector.

Moreover, a survey on risks per ocean and fisheries sector
was carried out targeting 166 experts and 2,000 people from
the general public in order to discover representative risks
of the industry. This effort provides a solid ground for
determining the awareness, the possibility of occurrence and
the impact of a risk as well as the vulnerability of the industry
itself.

When analyzing the spillover effects, a scenario-based
quantitative analysis was conducted including text mining,
Support Vector Machine (SVM), SD, and Vector auto-regression
(VAR)



Classification

Target risk

Research
scope

Method

Content
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{Summary table) Differentiation of this study

Preceding studies

* Selecting specific

risks

Focusing on the
process of finding
risks and case
analysis

Mostly an expert
survey

Partially utilizing SD,
inter-industry
analysis, spatial
statistics analysis,

DEA, Test mining etc.

Survey

Drawing solutions by
analyzing the causes
of specific risks and
categorizing the
causes

Studying triggers of
specific risks, routes
and scenarios
SD-based strategic
assessment in
response to risks
Risk assessment and
impact analysis
methods

This study

* Discovering comprehensive future risks
encompassing the whole sectors of
ocean and fisheries through big data
analysis and surveys targeting experts
and the general public

* Estimating the level of risks considering
the possibility of occurrence, impact and
vulnerability etc.

* Discovering comprehensive future risks
in all areas (shipping, ports, marine and
fisheries) of oceans and fisheries and
analyzing the quantitative impact of
representative risks

¢ Utilizing methodologies of preceding
studies including SD and text mining etc.

* Adopting new methodologies such as
Support Vector Machine (SVM) and
Vector Auto-regression (VAR)

* Survey (166 experts and 2000 from the
general public)

* Discovering potential risks in the four
areas of ocean and fisheries (no
specification before research)

* Presenting the priority of risks by
analyzing the awareness, possibility of
occurrence, impact and uncontrollability
(vulnerability) per each risk

* Analyzing the quantitative impact of risks

- Changes in shipping market conditions
resulting from global supply chain risks

- Changes in traffic volume following the
risk of the global supply chain

- Changes in the demand of marine
tourism resulting from the Covid-19
pandemic

- Changes in retail prices resulting from
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Classification | Preceding studies This study

psychological strategies of Pollack
wholesalers following global supply
chain risks

Source: Prepared by the authors
3. Result

1) Summary
(1) Discovery of future risks

A. The process and methods of discovering future risks

= A big data analysis based on text mining method produced

the first list of preliminary risks. Following this, this study

reviewed the appropriateness of keywords through

consultations with researchers as well as experts per sector,

selecting 167 topics in the four sectors of ocean and fisheries

(44 in marine, 48 in fisheries, 39 in shipping and logistics

and 36 in ports areas). After this process, a survey was

conducted to experts (166 people) to narrow down the list

into 30 topics in the four sectors. The priority of the final

risks was extracted through a survey targeting the general

public (2,000 people).

B. The result of a survey on future risk awareness

= In overall society, the frequency and intensity of risks has
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inclined while the importance of risk management is
recognized. The awareness of the risks in the ocean and

fisheries sector is similar to that of the overall society.

However, the increased level of risk management in the
recent decade has been assessed to be lower than that of the
overall society. As for the awareness of whether or not the
risk response system has been strengthened in the decade,
the ocean and fisheries sector was estimated to be lower than
the overall society. These results indicate that the ocean and
fisheries sector needs to promote the ripple effects of risks
and the importance of the response system, boosting the

awareness of the general public.

{(Summary table) The awareness of future risks by the general public

Overall society Ocean and fisheries
Questions
Yes No D9 23 Yes No Lo i
know know

Whether or not the

frequency of risk 857 6.5 79 77.7 85 13.9

occurrence has increased
in the recent decade

Whether or not the
intensity of risk
occurrence has increased
in the recent decade

Whether or not the risk
management is important

Whether or not the level of
risk management has
increased in the recent
decade

Whether or not the risk

87.3

95.7

53.5

35.2

6.3

1.9

28.1

43.7

6.5

2.5

18.5

21.2

76.4

94.6

41.8

26.7

9.0

1.5

31.9

44.3

14.7

4.0

26.4

29.1
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Overall society Ocean and fisheries

Questions Do not Do not

Yes No Yes No
know know

response system has
strengthened in the recent

decade

Source: Prepared by the authors

C. The result of finding future risks

= Taking the possibility of occurrence, the spillover effect and

the uncontrollability into account, the marine sector evaluated

the most threatening risk as ‘acceleration of global warming’,

with the fisheries sector being ‘microplastics in seafood’.

While the shipping and logistics sector pointed out ‘China’s

preemptive investment in global logistics infrastructure’ as

the most threatening risk, the port sector evaluated ‘the lack

of response capacity against climate change’ as the No.1 risk.

{Summary table) Result of Top 10 future risks by ocean and fisheries sector

Rank
1

xxviii

Marine sector Fishery
Acceleration of global warming Microplastics in seafood

Marine pollution due to Japan's
release of nuclear power plant
waste water

Radioactive pollution of fishery
products from nuclear wastewater

Negative impact on the fishery

Creation of super typhoons industry due to climate change

Change of distribution in microscopic
Increase of ocean plastic waste organisms resulting from sea level
rise

Decline in the diversity of marine | Safety of seafood due to pollution of
life resulting from climate change the marine environment



Rank

10

Rank

Marine sector

Occurrence of large undersea
earthquakes

Increase of transboundary marine
waste

Coastal erosion caused by climate
change

Increase of marine and coastal
waste

Coastal urban flooding due to rising
sea level

Shipping and Logistics

China’s preemptive investment in
global logistics infrastructures

Paralysis of global supply chain due
to the outbreak of infectious
diseases

Damage to logistical infrastructures
resulting from natural disasters

Paralysis of inland logistical
networks resulting from natural
disasters

Port closure due to infectious
diseases etc.

Outbreak of logistical crisis
resulting from strikes in the
shipping industry

Increase of ship—emitting
pollutants

Wild fluctuation of ocean freight
rates

Decline in ship orders

EXECUTIVE SUMMARY

Fishery
Decrease of aquatic organism species

Sharp increase in the damage of
fishing villages and the fishery
industry resulting from natural

disasters

Change in consumption patterns
resulting from the spread of infectious
diseases

Sharp decline in the production of
coastal fishing

Damage of fish habitats

Ports
The lack of response capacity to
climate change

Intensive competition with Chinese
ports

Increase of environmental pollution at
ports

Port closure due to natural disasters

Decline in employment due to
smartization

Advent of Blockchain—-based large
logistics platforms

Increase of port costs and declining
economic viability

Insufficient response system for port
disasters

The government’s strengthened
regulations on safety management
such as the ‘Serious Accidents
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Rank Marine sector Fishery

10

Punishment Act’

Failure to conform to the Decrease of competitiveness
international standards of carbon | resulting from the stagnant growth of
emission reduction port traffic volume

Source: Prepared by the authors

Compared to the result of the survey in 2021, a number of

changes have been made in the ranking.

In the marine sector, ‘acceleration of global warming' ranked the
No.1 in both last year (2021) and this year (2022).

In the fishery sector, ‘radioactive pollution of fishery products
from nuclear wastewater’, which claimed the first position, went

down to 2nd place in 2022.

The shipping and logistic sector has the same 1st to 3rd ranking
in both 2021 and 2022.

In port sector, ‘intensive competition with Chinese ports’ and ‘the
lack of response capacity to climate change which were 1st and

2nd ranking respectively in 2021 swapped their positions in 2022.

{Summary table) Comparison of Top 10 future risks by the ocean and fisheries

Sector | Rank 2021 Survey result

sector (2021 vs. 2022)

2022 Survey result (ranking
change*)

Acceleration of global

warming Acceleration of global warming (-)

Marine pollution due to Japan's

Marine | 5 Creation of super typhoons | release of nuclear power plant
waste water
3 Increase of ocean plastic Creation of super typhoons (})
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2022 Survey result (ranking

Sector | Rank 2021 Survey result -
change*)
waste
4 Increase of transboundary | Increase of ocean plastic waste
marine waste (1)
5 Increase of marine and Decline in the diversity of marine
coastal waste life resulting from climate change
6 Occurrence of large undersea| Occurrence of large undersea
earthquakes earthquakes (-)
v Deterioration of water Increase of transboundary marine
pollution at short seas waste ()
8 Coastal urban flooding due to | Coastal erosion caused by climate
rising sea level change
9 Environmental change of the | Increase of marine and coastal
northern sea route waste ()
10 Increase of underwater Coastal urban flooding due to
deposit pollution rising sea level (|)
Radioactive pollution of
1 fishery products from nuclear Microplastics in seafood
wastewater
Change of distribution in Radioactive pollution of fishery
2 microscopic organisms products from nuclear wastewater
resulting from rising sea level (1)

Negative impact on the
3 fishery industry due to
climate change

Negative impact on the fishery
industry due to climate change (-)

Change of distribution in
microscopic organisms resulting
from sea level rise ({)

Decrease of aquatic organism
species

~

Fishery

Sharp decline in the Seafood safety resulting from
production of coastal fishing | pollution in the ocean environment

Decrease of aquatic organism

6 Mass death of farmed fish )
species ()

Sharp increase in the damage of
fishing villages and the fishery
industry resulting from natural

disasters

7 Damage of fish habitats

8 Damage of the fishery Change in consumption patterns
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Sector

Shipping
and
logistics

Ports

XXXii

Rank

9

10

1

5

~

[0}

10

2

2021 Survey result 2022 Survey result (ranking

change*)
industry following oil spill resulting from the spread of
accidents infectious diseases

Decline of endemic species in | Sharp decline in the production of
inland waters coastal fishing ()

Decrease of fishery resources

i o e Tt Damage of fish habitats (})

China’s preemptive
investment in global logistics
infrastructures

China’s preemptive investment in
global logistics infrastructures (-)

Paralysis of global supply Paralysis of global supply chain
chain due to the outbreak of | due to the outbreak of infectious

infectious diseases diseases (-)
Damage to logistical Damage to logistical
infrastructures resulting from | infrastructures resulting from
natural disasters natural disasters (-)

Paralysis of inland logistical
networks resulting from natural
disasters (})

Increase of ship—emitting
pollutants

Paralysis of inland logistical
networks resulting from
natural disasters

Port closure due to infectious
diseases etc.

Outbreak of logistical crisis
resulting from strikes in the
shipping industry

Outbreak of infectious
disease on ships

Wild fluctuation of ocean Increase of ship—emitting
freight rates pollutants ()
Increase of ballast water-led | Wild fluctuation of ocean freight
pollution rates (})
Increase of ship biofouling Decline in ship orders
Heightened financial difficulty Failure to conform to the
of shipping & logistics international standards of carbon
companies emission reduction
Intensive competition with | The lack of response capacity to
Chinese ports climate change (1)
The lack of response capacity Intensive competition with
to climate change Chinese ports (})
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2022 Survey result (ranking

Sector | Rank 2021 Survey result -
change*)
Increase of environmental Increase of environmental
3 . .
pollution at ports pollution at ports (=)
4 Decline in employment due to Port closure due to natural
smartization disasters (1)
Port closure due to natural Decline in employment due to
5 . S
disasters smartization (})
6 Advent of Blockchain—-based | Advent of Blockchain—-based large
large logistics platforms logistics platforms (=)
7 Outbreak of infectious Increase of port costs and
diseases among port workers | declining economic viability (1)
8 Increase of port costs and | Insufficient response system for
declining economic viability port disasters
The government’s strengthened
9 Heightened financial difficulty regulations on safety
of port operators management such as the ‘Serious

Accidents Punishment Act’

Decrease of competitiveness
resulting from the stagnant
growth of port traffic volume

Vulnerability of port
10 .
cybersecurity

Footnote: [ implies removal from or new appearance to the Top 10 ranking, (1) ranking up,
(1) ranking down, (=) same compared to 2021
Source: Prepared by the authors

= Targeting the all sectors encompassing marine, fishery,
shipping and logistics and ports, the top 10 future risks are
shown as below by taking the possibility of occurrence, the

spillover effect and uncontrollability into consideration.

- The risk that the most likely to happen, highly uncontrollable
and having the highest spillover effect is ‘acceleration of global

warming which is the same result to 2021.

- In terms of uncontrollability, ‘creation of super typhoons’
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ranked the first place and evaluated as the most vulnerable risk

in the ocean and fisheries sector.

- In 2022, risks including ‘microplastics in seafood’ and ‘decline

in the diversity of marine life resulting from climate change’

have newly entered the top 10 list.

{(Summary table) Top 10 future risks in the ocean and fisheries sector in 2022

Impact  Uncontrollability

Possibility
Rank Future risk Sector of
occurrence
1 Acceleratlon_ of global Marine
warming

Marine pollution due to
2 | Japan's release of nuclear | Marine

power plant wastewater
3 Creation of super Marine

typhoons
4 Increase of ocean plastic Marine
waste
5 Microplastics in seafood | Fishery
Decline in the diversity of
6 | marine life resulting from | Marine
climate change

v Occurrence of large Marine

undersea earthquakes

Radioactive pollution of
8 fishery products from | Fishery

nuclear wastewater
9 Increase o_f transboundary Marine
marine waste

Negative impact on the

10 fishery industry due to | Fishery

climate change

Footnote: (1) The darker the color, the higher the rank, (2) The ranking of each sector was
calculated down to 3 places of decimals of the average

Source:

XXXiv

Prepared by the authors



EXECUTIVE SUMMARY

(2) Analysis of the spillover effects of future risks

A. Selection of analysis targets and analysis methods

= Preliminarily considering the result of surveys of experts and
the general public, this study finally selected the analysis
targets after going through brainstorming with researchers
and consultation with experts on the imperativeness,
importance and policy demand of analysis. The analysis
targets under the 1st year of the study were excluded.

- The marine sector selected ‘forecasting the change in marine
tourism resulting from the Covid-19 pandemic’.

- The fisheries sector selected ‘forecasting the change in the
supply and demand of major seafood caused by supply chain
risks’ as an analysis target.

- As for the shipping and logistics sector, ‘predicting the change
of shipping market conditions resulting from supply chain risks’
was selected for the analysis.

- The ports sector selected ‘outlook of change in port traffic

volumes arising from supply chain risks’ as the target.

= This study adopted an analysis method suitable for

quantitatively analyzing the spillover effect of risks selected

beforehand.

- The marine and fisheries sectors equally applied System
Dynamics (SD).

- The shipping and logistics sector utilized text mining and
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Support Vector Machine (SVM) methodologies, while the port

sector selected a vector auto-regression model.

{Summary table) Targets and methods of analyzing the spillover effects of
future risks by sector

Sector Analysis targets Analysis methods

* Forecasting the change in marine tourism <sD

Marine resulting from the Covid-19 pandemic

Fisherie | * Forecasting the change in the supply and demand |, D

s of major seafood caused by supply chain risks
Shipping |, Predicting the change of shipping market * Text mining and
a-nd- conditions resulting from supply chain risks Support Vector
logistics Machine (SVM)
Port | ° Outlook of change in port traffic volumes arising | ® Vector

from supply chain risks auto-regression

Source: Prepared by the authors

B. Analysis results

= (Marine sector) Targeting the tourism industry in Geoje city,
this study forecasted the demand for marine and coastal
tourism by establishing scenarios relevant to past data, the
demand for marine and coastal tourism, policy capacity of
marine and coastal tourism, receptive capacity of marine and

coastal tourism and attractions of marine and coastal tourism.

- This study estimated the time series trend of marine tourism by
connecting stock variables such as potential tourists in marine
tourist spots, tourists in marine tourist spots in coastal cities and
loyal customers in marine tourism spots in the form of a cascade.
The result showed that the demand for visiting tourists fluctuated

reflecting seasonal characteristics.
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A stock is a quantity which is measurable at a particular point

of time

{Summary picture) Comparison of real data and simulation result

3000
200,000
400

2000
150,000
200

1000
100,000
0

2018-02 2019-04 2020-07 2021-10 2023-01
Date
Tourists of marine tourist spots in coastal cities : current ———————+———
Economic effect of marine tourist spots in coastal cities : cument ——S—s—f—i—
Attractiveness of marine tourism : current >

Source: Prepared by the authors

- Following the change in the number of tourists, the economic
impact of coastal regions have accordingly fluctuated but shown
an upward trend. While an influx of tourists may bring about
economic growth, it can also result in an accumulation of marine
waste and a decline in ocean cleanliness, diminishing the appeal

of marine tourism.

- The increasing popularity of marine tourism destinations can
lead to temporary congestion and a decrease in attractiveness.
However, the growth in tourism also typically drives economic
growth in the region, leading to increased investment in
infrastructure and amenities related to marine tourism. As a
result, the overall attractiveness of marine tourism is likely to

continue increasing.

- Looking at the impact of social distancing resulting from
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Covid-19, a policy variable, as well as the investment ratio of
amenities and infrastructural facilities, strengthened social
distancing was analyzed to have negative impacts on long-term
tourism demand and regional economies. However, the
increasing ratio of investment to amenities and infrastructural
facilities is estimated to raise the attractiveness of marine

tourism and the loyalty conversion rate.

= (Fisheries sector) This study forecasted changes in the supply
and demand of Pollock in accordance with the strategies
taken by Pollack distributors who import 100% of their
products in responding to environmental changes such as

global supply chain risks.

- System Dynamic Modelling was carried out after the correlation
of the Pollock supply chain was constructed from the
perspectives of producers and consumers, and then applied the
categorized strategies of wholesale prices and distribution

volumes of Pollack distributors.

- The result usually unfolds in the following order: a shock to the
supply volume (decrease) — increase of wholesale prices —
decrease in consumption. During the period of supply volume
shock sustains, however, the market finds the balance, though
temporarily, between supply and demand.

- As the expectation of distributors for excess profits dissipated
12 months after the supply shock disappeared, the wholesale
prices declined but the demand was expected not to increase

sharply.
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- Even through the supply shock disappeared and a certain period
of adjustment elapsed, wholesalers have not immediately brought
down wholesale prices due to the expectation of excess profit
by maintaining prices.

- Therefore, it is important to devise distribution price stabilization

measures in accordance with the strategies of wholesalers.

= (Shipping and logistics sector) This study analyzed major
issues that have an impact on shipping market conditions
through text mining while forecasting the ups and downs of
shipping market conditions based on issues with a high
betweenness centrality as well as a high degree centrality and

an SVM methodology.

- An analysis of shipping market conditions identified ‘Covid-19’
as the most frequently appeared issue, followed by keywords
such as ‘supply chain,” ‘raw materials,’ “The Russo-Ukraine war,’
‘containerships,” ‘traffic volume,” and ‘logistics disruption.’
These terms frequently appeared in articles discussing risks in

the shipping and logistics industry.

- The analysis of degree centrality identified ‘trade conflict
between the US and China’ and ‘supply chain disruption’ as
major risk factors in the shipping and logistics sector. Our
analysis of betweenness centrality revealed that ‘Covid-19" was
a significant trigger for various issues, with keywords such as
‘inflation,” ‘laborers,’ and ‘supply chain’ exhibiting high
betweenness centrality values.

- These issues were classified into topic groups as shown below.
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{(Summary table) Result of topic modelling analysis

Major issues of the topic group Related keywords
1. New cold war between nations | ® The US, China, supply chain, severance,
(supply chain restructuring) bottleneck, Ukraine, Russia
2. Demand-supply imbalance * Ocean freight rates, logistics infrastructure,
(change in traffic volumes) inflation, accumulation, congestion

3. Accidents (including political
and social issues)

4. Management risk in the logistics
industry

* Covid, laborer, infection, suspension

* M&A, ESG, digital

5. Management of port workers | © Strike, cost, automation

Source: Prepared by the authors

x1

- While utilizing Lloyd’s list, a daily news service specializing in

shipping and shipbuilding, this study ran a freight rate forecasting
test through an SVM methodology with freight rate-related issues
that were included in major keywords. The result showed that
major issues were analyzed to have a significant impact on the

Container Composite Index.

(Port sector) This study discovered a variety of indicators that
examine change in the supply chain in an effort to directly
and indirectly analyze the impact of a change in the global
supply chain on the level of impact to port traffic volume.
With these indicators, a quantitative estimation was carried
out to examine the impact of these variables on port traffic
volume based on a VAR model.

As an indicator to examine the change in the global supply chain,

this study selected the Global Supply Chain Pressure Index,

maritime transportation-related index, Port Congestion Index as
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well as Industrial Production Index and Retail Sales Index from
economic indicators.

- According the result of a VAR-based analysis on the impact of
the Global Supply Chain Pressure Index(GSCPI) to port traffic
volume, the GSCPI had a negative impact on the traffic volume
at the Busan port after two-time lags. This impact persisted for
up to five-time lags before dissipating.

- Based on these analyses, this study forecasted the traffic volume
in Busan port by 2024; in 2022, the traffic volume is expected
to see a modest decline due to the impact of rising GSCPI and
will be recovered in 2023 and 2024.

- In all indicators in terms of transportation, production and
consumption, it was analyzed that, in 2020, the change in the
supply chain were distinctive resulting from Covid-19. However,
the impact is more noticeable from the perspective of
transportation rather than from the perspective of consumption

and production while taking place more continuously.

4. Policy suggestions

= (Development of an early warning system for supply chain
shocks) The empirical analysis on the impact of change in
the supply chain on the sectors of shipping, ports and
fisheries should be continuously carried out, rather than
one-eff event, to establish the policy direction required for

preparation and response. For this purpose, it is necessary
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to develop an early warning system which is able to monitor
a variety of indicators relevant to supply chain shocks and

diagnose a shock in the ocean and fisheries sector in advance.

(Advancement of risk analysis methodologies) In order to
advance the algorithms to increase the reliability of
short-term forecasts and enable mid- to long-term
forecasting, the data secured through short-term forecasts
should be built into a database thorough which the algorithms

should continue to be advanced.

(Continued survey of risk awareness in the ocean and fisheries
sector) By conducting a survey of risks in the ocean and
fisheries sector targeting the general public, the changes and
vulnerability of risks should be investigated. Such effort is able
secure the impetus to implement policy measures for

preparing and responding to potential future risks.

(Establishment of preemptive policies through a risk spillover
analysis) This study established a variety of scenarios to
analyze the spillover effect of risks, which can be considered
policy scenarios to reduce the impact of risks. In the future,
it is necessary to establish a variety of methodologies and
policy scenarios to analyze the spillover effect of risks, which

can be utilized in formulating policies for risk reduction.
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Computational Linguistics
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Pt Bobg AEOR sz 26749 9] 4 Ado] Ad =2
Sust By 2l 1Ee Beste] BAsT 1 2] 29 A,
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AL 39 International Journal of Forecasting 146
HICHSt= o et3]) 27 Long Range Planning 61
St=toietd - o L X[ats|X] | 35 Transport Review 88
YA 10 Fisheries Management and Ecology 65
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o &, o] 79 BAY fAMEE EdlE Tolg IFSsHA st ol
HolMs 719E =Eo] A= ojok gt

gurA o g 7|9 =X TREO] BIE, term frequency)@t TF-IDF(EHo] B1%
-9E4 Yl term frequency-inverse document frequency)s ©]-&-3]
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restaurant, menu, bicycle, cycle

water, nutrient, nitrogen, phytoplankton, organic, coastal,
matter, dissolved, surface, release
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NE
o

Eol 7|2=
sediment, concentration, risk, metal, water, source,

AME Q9 . MIsK, |
44 ali= 28 pollution, ecological, index, value
on HlQ vehicle, problem, proposed, cost, solution, algorithm,
45 =S H'o H i
network, sharing, transportation, solve
146 UNE innovation, technology, digital, development, firm, industry,
7|= g4l technological, economic, growth, economy
o cycling, owned, usage, oxygen, sardine, emotion, virtual,
47 A 25 :
anchovy, during, volunteer
48 _ decision, approach, making, technology, process, risk,
information, framework, paper, management
49 | oot KA(3l=) airport, resilience, at.oll, cogstal, response, regime,
ecosystem, intensity, toxicity, char
50 _ diatom, agricultural, pco2, number, fire, bloom, agriculture,

dinoflagellate, acidification, scallop
Rrz: XA 2

(H 2-22) {4t 20k Of|H] 2| AT (Y- M2 2 1N)

END  2py Eg 7|9
1 O 25 011, 0K, 2%, G2, AlR), 4, X9, B4, o101, o}
2 ROIGSHEH| SOIT H4S%, BH, 20l EA, XY, X%, IE, M, 71
3 HofE 701, O, THE, 012, KIS, AfR), 8, EA|, 41, MEf
4 erow OFF, B, B, st AL, A, AfHIA, 0K, AL, 75
5 | WIZRE | 29 WIS, M|, TS, HS, AL 471, 77, £, Fal
6 | ooy | SR, AW, Of 0fY, M, 33N, 3, B, IS, Tl
7 ERANYN | H3 QA AN TS, S, A, B, e, 2e, 28
8 | IRX M | Mup e 32X Mgl 0N, S, 7HE, s, GHOL A}
9 | wgo OFF, A8, GHAY, AYL, 23, 37t 2K, AP, 2%, 0/
0 m2Es He, BE, 75,712, 22, X2, 88, W, 05, AHIA
11| S2ENAAY | EX| Y2, SO, AAR, Y8, 45, 75, D8, Yot 3|
12 | M0 A4, 0121, +A1Z, OfF, M0, §%, 01, 5, Zat, M
13| ZERAME | FEY B ME, SN 05 AR, 0, Z3t U4, 42
14 SRIMEEN | K, MEH, 2R X9, 85, 4 42, §E, 2, oot
15 | ORI A Afgl, 441, K|, 0194, Of2iLt, 75, 2k, 39, 7|2, 28
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Z sttt olof] wit s AlFlofAl= S 5T SHolA Juto] glAdd
AuLt FORIAE S4ok= It 2 B7HPort Vulnerability Assessment)
£ B9l ol& siZstaiat sttt s AtollA e et FHd B7t
LA T= 52 Tl 7l 8 kS AA| 2ARE AR BFE B3l A5t
At ST A= ©eo] sk PRt Fof YAFE RARRE Zo] ofyet,
olg] ZATE RS o]F Yhlslelo] Bk T YHUAE TWEAL, ol
7IHto g F=9] st tolA WAok= HAAE Brboke AR ATE s

q—oo c:)_}: —1% oOoH o1 U
o, ol f5f she 35S B8 I5HL F83 ol Holtr
o AT T 749 B A BAT Aol ozt 20019 W

9-11 ©l2, 200299] u]= A9t gt #H, 20034 =F wn|2 QI 3=t
Fr2 QIgh Pt QPAALLL 5 TRkt
FE Y gt AT disf oFa St o] whet ot Y FEHY
ok Ao igt #H EAES HESIY, olE B9 9] 50 A

&) A AFTE ThRt RS I gAaao
et B7F AAZE AREL, 71E T JNFE AT FS H7ERF 7Y

WS ) 2ge

T
5
O 0
10
por]
iuj
Mo
(W)
(@)
—_
—_
e
™
¥
o
=
o
)
>~

=

=)
-,
e
18
oX,
o,
N
N
M,
A=)
1o
o
9,
N
N
X or
>
Y
=
il
i
il
12
ox.

177



(23 3-10) &+ = de3

Step 1: Preparatory phase

Port vulnerability measures in hierarchy
Membership functions

Fuzzy rule base with a belief structure

v

Step 2: Vulnerability estimate

Input distribution transformation
Weight for a packet antecedent

Rule combination using an ER approach

v

Step 3: Vulnerability synthesis
Aggregation of multi-expert judgments
on each vulnerability measure

!

Step 4: Ranking and interpretation
Utility values

v

Step 5: Validation of the proposed
framework

Sensitivity analysis

A= Jiang et al.(2021), p. 3.
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et
(% 3-11) Global Supply Chain Pressure Index

Standard deviations from average value
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Aol A= —’"éxﬂ”é}ﬂ ‘ﬂ1~Er l ol& P71 H 5 35T &5,
]_

Congestion Index)2} H—%'%-rr

Al B3 £A49] g E sl oy, Holg 7t 47t 2016Lq 20171"1
201995 Alg=]o] —Erjfw o] &8e Jr2 FEI AAE A=rt GHEA
oo} A &jskaitt.

AT YO EE VAR BHS Z8390th VAR 232 thi 2713
EFoz s Holo] mhE FFEA Bol ARgske 2ol dEgt
[2] oJsf YFEAS Alohs 2Fo] ok ©do] AT, AA B
= AAE AEE i EEste] Y2 THAT= HolM gt A
ks %401] 1 9}51131‘3} E, 37:“*01"5:* < &5to] g W4o] M3t

o

VAR LR Qo [4] 3-7]3 Zo] ekl 4 ik o714, 4,2

¥,k A9 A9 kek HF2 eI 4 @Ol
0, B4to] 0*Ql k AH) We}o] WS (white noise)e RIRtet. E 4
AALG Az olRold nx 1 Felth
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T wEo] PuEEe] A Fg] Ut A7 ok ol WA
oot stz AW 79 0|2 A8}

ol £% 33 WS
42| vebd 4 Sl delASE gl AR0R, B ATolA HrE of
74 7t B Bl 3l ool im0 BAjsor S Al
VAR RS A4 PR 850 Yug Aojd 2ot} UG AFeRe
YO, B AT 2L BAE a7 A8 1Y AYF mYoltt
E3 B ATOIA HHT FFY WES sk A ES0| YuHEE]
WX FeA ool Halo] RS, B AT BaS Ao 71

A0 28 AAE Are 7 dYEHI2YNA AlE3= GSCPI
Aot ZeALEA XM AlESh= SCH, THS Markitoll A Al5-sk= -2u
2, S5, =2 AGAAA e} v z]e Solnt. BE HlojEs ¥
Aol o= 20099 10858 202249 797149 15271 %, ol 7H&gt
tlolel S AlA|ES] Zol7} 7Hg &2 SCFIof 5t Zofth. 3HH RE 242
A 2219 RY HA WA R 4.2.12 &85t

H 3-24) 7|=EAH

b
e
N

A ESich = x| A
Ha o EEHR  Sdu e

Tk
GSCPI 0.4 1.2 0.0 -1.0 4.3
SCFI 1363.6 1069.0 1017.8 4141 5066.8
La|Li2t AR 103.0 7.0 101.7 84.5 121.2
La|Lt2t ADHEOIKL | 104.3 12.7 103.4 76.3 128.5
S MR 104.0 26.2 103.8 56.6 156.8
S ADJEHOEX| 101.7 31.8 102.3 435 165.2
Ol= AR 98.0 4.1 98.6 84.2 103.9
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oAt 20pd Dl 2lA3 Igen 24 03

o w3 | BREA | oy | Hhu A
O}Z AEOIKS | 1050 | 186 012 | 767 1633
SNSSEETEY) . 1574 | 272 1610 810 | 2017
o101 3152 | 538 | 3100 = 1880 | 4350
=SH(UTEV)
%%L’%{(LDE%U) 1345 | 214 | 1301 914 | 1919
XI2: HA} X

(E 3-2H)= 400 AR F8 AAIE AR 7|2 8AF w= UErd
Zlo]H.

(1) 32Y ¥is XE =4

7t 222 38T LHX|(GSCPI)

GSCPl= & A 2804 Hists 3539 AHE 7457 gt
A A detatet 719 9 AHApE 22 3399 A% olsfst|
HrE U= Aot GSCPl= 3+ ¥4 €oluil Sl= 33%
A= FHE UErd7] Sle A AlA AR 25818 S5k fIgE A #L
BDI, #AHolY €475 YElE Harpex index, U= &2 §535H=9
U YBUE vl =58AT F3EAS, Tl TR A(PME:

’_[1

Purchasing Managers Index)2] 4| 7}#] glo|€& &-83}3l Qltt. PMI+=
Jo B} B A 4P HERAE Bo Uehle A2 A2de]
AA &&= UErdth GSCPIA+= PMIQ] Y& 5 359 A JF2



v

i

Uehfle YE A 7H(delivery times), 7190] &S AB5HA] F3t FE
et W2 TI(backlogs), 19 £ AL g Uehl= Fafet A1
(purchased stocks)®] Al 7HA] A #5 Z-&3tct. GSCPIZF =4 Uehdtt
o7 599 4o] YAET AHith= AL oulgitt

e o

(O 3-13)2 2001 195E 20224 997k Y GSCPI9] W5 S0l
Uehd Zolek. 2001958 201997 -1914 1 &9 9] WollA
Hl A QPYA Rl A4S Kol QIAIRE 20204 o]%, £3] 2020 2€HH
78 Aolo]l A7t IA| 435519 3 oV SR ofF A stEtegith
7} 20219 3ERE TA] AJ5517] Aldtstol 22 s 1290l 4.3714] 4455
& BRon, 20229 195E A sfslr] AlFteto] &2 8 98l
1.057HA] sterotiet. GSCPIZE A Ase 202049 ARE7|9} 202192
F2U19 "ol 5ol A ¥ FY AVIE H=T FE It
TROF QIS R, S YN BHE QI AA| @A Gol 22 33,

3l &5 A SHAAM 2 Aoz FEsdEe €+ At

A7

(08 3-13) 22 S8Y L5 F0]

I

.01 o (o) Freme PR (o PO [P TN TS [N TP ISP [ERES ST TP (SO T [T TP R ST
650 5650/5650/5650/5650/5650 5650 5650/5650 5650 5650|5650 5650 5650 5650 §6350(5659/5650 5650 5650/5650/5 63
850850 S50 830 830520 L0 50| S0 320 530 S0 50| S0 S50 3L 0 320 50 320 50 520 5 <>

2001'2002'2003'2004 20052006 2007 2008'2009'2010'2011/2012'2013'2014'2015'2016'2017'2018'2019'2020 ' 20212022

AZ: =2 oHIZzH|8H(AAQ: 2022.10.25.)
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Shges, 53] eold 252 A Fe) Z52 2= TIPS Azl
3a% U $Y5k Sitk T & APl Shies A9 usle
Uehiie A5 B 22 Rl 71 243 T3 sl ol

2 Ao Al VS J&?ﬂi A= ZEolvAl Bt
HA A, ﬁEﬂ 9 Ad 54, SCFH Lﬂ 71A] o] .

—_

(12! 3-14) OfA|O}-20| ZAE|0|L4AM T 25F A7t

Xt&: Clarksons Research(ZdAY: 2022.10.18.)

ofAJo}-Fw] 0| A9 :EUH9 MH] 9] FFo] EAHOR UEh]
ARRSE] 291 201999 Bt 2% AIZEe] 20.1¥= YRt o] % 20201
ST = Bt 2% Aol & WEo] UEA] 2gton 20209 FRHEE
571571 Aldkstel 2021990l Bt 30.787H4] S71E As & & U
Hat 27 AR 20219 1€0l] 46.8YUE JHAE 715 6} AL, oI5 FEE

[e)
2]
=

ruE
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A3 B8 FAIE Holal qltt.

(I9 3-15= 20174 195 20224 397049 99 Ago|uAl HAA
Uehd Zolth. AAL AA AH oW F k& ARt ol &5
=23 AHolHA ] &S UEd ZoE, HlEo] 258 PR
50| O]FoJA| 1L th= oulolth. FAZE 20209 FH7HA= 70~80%
Ui9]9] $212 Hol1 glon}, 202049 9YRH 50%HE 3Hstr] AJ&sto]
2021400 Bo] 35.7%& A&HA 30%Hol HF=L lon, 2022
ZR7HA] AgsiA W2 2§ Holi gtk

o tfo

%

(J& 3-15) ZAE0]HM HAIY

el %

20.0
10.0

0.0

135 7 911 367 91|13 5657 91|13 567 911 3 5 7 9 111 3

2017 2018 2019 2020 2021

Xt&: Clarksons Research(ZdAY: 2022.10.18.)

Aol Wt 28 A7t A AES B 35402 20208 FHEE
g o5lE]7] A|Zbeto] 202149 7H £4] &2 A HE Hol1 S &
4 ot o]= 20209 Z2UH9 HYYe] 229 33 5 7o 593t

o

HEZ op7Istgler, o|= QI Fa=9] it
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P A B3 U A 5o et ARdEe] el Sl
342 FAe= 9rdt

ThE0 2 (O9 3-16)<2 2001 1€5E 202249 10€7H4] A AlA Z1E]o]
U Ao 3532 YRl 2otk Al 3532 200195 Al&GsiA 571
FAE Kol glom, IF1H9 WHH o= Qs FFl FZ0] 7l
2AAQ] ¥Eo] UeRd 20204 o]0l A&SiA St et AAE
202049 ¥ Al 357 FA= < 29 7,898FTEURE 20199 29
7,036RFTEUC| H13] 3.2% S7FF AL, 2021 0]= 29 8,992%TEUR ThA|
3.9% 57ttt &, 6H =& AlZto] F7kstal A4 Hl&o] sttt
e AR A 252 Slol AgsiA A 3532 591 glou
T8 4SS XJEE FEM AdiE 2= A2 7ol biol
IR &7 YA e Agolth

(13 3-16) ZiH|0|HM M SZHHTEU)
= MTEU

30,000.00
25,000.00
20,000.00
15,000.00

10,000.00

5,000.00

(18 3-17)2 20094 10¥€5E 20224¢ 9¥7H4] SCFIQ] Wsks Jehd
Jjz=olt}, s 7|7t SCFIE AW EH 20204 o|Ad Xatgto] 20109 749
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1,5720]11 2015¥5-E 201997+ Al&aA 1,000 ©]ste] 3+ Koo
FgAQl A SAEtAL ot 20209 5E FAT] ARssl] AR
T}, 20214 SCFR= A9 tH] 199.8% AF5519.0H, ofAlo-Eu|(AEF)= 94.8%,
OX|o}-8H32 L 408.2%2] A5-S Hrh 2022 199 5,0677H4] 455}
of AHES BHOl & ZFH sl FAE Kol glou obF 202049 349

37 durts 94 £ A5E HolT gt Aol

ok ok

(O 3-17) &fo10] AH|0|Lf 2X|s
600000
500000
400000
300000
200000
1.000.00

0.00

Xt2: Clarksons Research(ZdA1: 2022.10.18.)

Footo] HS o, Eloly % AP A&AR] A Fdolke Bkl
2020 thoFst ¥Qlol TE 207 WAISH 23 A7t 7ot AAA

R o o
Stz Qs Aut =80k T I Bt @0l SHaHA Rl gler, o]z
oI5 9 E3 FAW 45L Holk Agolth. AT LUX5T} ol A
A
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Ch. 2t SRXI2(PC)

PCIE Feazel AAoIA vlmH Aol YA AAT A+Z, AlS
NES 7o b ol d o8k Gl Ao Aelol] B TEU
B2 ekl ik, T B9 SA7t 245 JulolA] Aot Rokn
A5k Gk Bl B ojulz, Yue) EFES BYAHOE & 5

9= A4olct,

(I 3-18)2 20169+ 20223 10¥71A9] PCIE Yehd Aolct.
PCI= 2016WEE 2019¥7H] 2 HEL glo] uju]gt Z7} 24E Holx
ANCH, 20199 FHHEE o]Aof H[s| AT F7F FAHIE Hol7] AlFkek
t}. ZElo|y A Bat 27 Azt A, SCH 59 A|#7F 2020 SHEEE
HAT WMol Yer] ARt A3t vlastd PCle e oY e
T A4E0] vlg) APst= Aez B 4 Q.

(23 3-18) &2 28X

EA9]: #BITEY

Xt&: Clarksons Research(ZA1l: 2022.10.18.)
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Z10]tt. FoFAloF A Hg At e AGoM FE3] s FA
om, 53] 20199004 20219714 &u] Al A5A7F &
g Utk B k2 2021904 202240 A ASFIRoH, S
dollA 202090 A 53T

B 3-25) I F2 X2 HR YO STK4 £0)

E19}: #BITEY

=
A HA sose soke gz SO 3=
2018 6.84 0.45 0.35 0.78 0.56 1.80
2019 7.16 0.48 0.35 0.77 0.59 1.86
2020 7.97 0.47 0.43 0.78 0.60 2.33
2021 8.47 0.65 0.83 0.96 0.60 2.00
2022 8.92 1.00 0.67 1.20 0.55 2.18

Xt&: Clarksons Research(ZA1: 2022.10.18.)

2t GNX|E

TEY U2 e AR Y £ = Utk £ Aol o
BAAANRE F 337 B0l JPH s JFe W= AAAYAA S (industry
production index)?} AUjTufX|<x(retail sales value index)ol| tHet A4S

Agetgon, Selteiet 53, nlae] 28 3R] A4S thgoz s

AJBAIA = 17t A 9] A 5RE GEE Aol 9 AR
Uehd Zojcth =71e] ikes2 22 337 At WAV 7] whEol,
FEgl 7R AL BAASol| S mAA "ok (O¥ 3-19=
20099 1958 20229 7970 S2Ue}, S, vl=e] AFgAY AR 4= Hat
Zol5 Yepd JgZo|t). FolE AHEH 7far BF 2020 E ZH~FHt
o gk 9] BARIS skt A} A&t on, 1 & A7 THA|
ASHE BotdeS & 4 Qltk o] 2020 0] ¥HAget F 219 Heo]

il
rlr %0
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(a8 3-19) LMAX|
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0.00
mmmmm P C RO TV VIR -V VAWV VD= I0D = 10D = 1D
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~— South Korea = China(mainland) United States

K= IHS Markit(ZAMed: 2022.10.18.)

ARl 48] FFZ Hofely] ¢k A BE AE L] Hied
FArete] sk BAR, 3EY WEo] &H ] K
3 dopr]of At Aot (O™ 3-2002 U, I, =
o iR FolE WeRd Aotk JARl Fol= 9
01\}0}741 UebS-S £ 4= 9lck 20209 24t9] I214H9 WY
it A= AR et A 9] HisoHA deh, Al STo)A 9

ﬂb}ﬂ’r@r USEG S50 F © 2 Yeidee &
Jotolr] Bz Asf ARl E2t slEElR oL, i AR
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Xig: HS Markit(Z44: 2022.10.18.)
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it 2OFE O] 2|23 Mgad 2

AR5SHE 37 ek giek Afstolaat LA/IBRS] A9 20209 Sz}
19 W3 Al7]o B5e st} Folt FESRA ek HolAd, A1)
A9 e 7Rio] 2 Skehilg BolA) eRech. Egt Aslolast LA/LBYIA]
L 20214 23l F71408 Uehi: AR 89108 Qs i} Bold

= 329 WY A7lo] Lehgd 5 SA0 It slelo]
SR et BAroz . #E 2 Slok oA Hslolil i
20224 Z30] A 2 BES sk Aol UERteS & 4 glom,
ol A 29102 A ek ATl A2 I o] AN 2

T

Pl

=t of

sefo] ekt A0 348 % ek,
B 3-26) AT 22 HASSYRTEY) L HYE%)
=R 2ITEU, %
HA} ABt0|3t LA/LBE!
L3 = HMEH o A o S |
=58 “gyg 28T ymg  EE gng
2009 1,198.0 2,500.2 1,181.7
2010 1,419.4 18.5 2,900.3 16.0 1,409.5 19.3
2011 1,618.5 14.0 3,163.3 9.1 1,400.2 -0.7

2012 1,704.6 53 3,257.5 3.0 1,412.3 0.9
2013 1,768.6 3.8 3,350.5 2.9 1,459.9 3.4
2014 1,868.2 5.6 3,528.5 53 1,516.1 3.8
2015 1,946.9 4.2 3,656.9 3.6 1,63b.3 1.3
2016 1,945.6 -0.1 3,713.0 1.5 1,563.2 1.8
2017 2,049.3 53 4,018.0 8.2 1,688.8 8.0
2018 2,166.3 5.7 4,198.5 4.5 1,755.0 3.9
2019 2,199.2 15 4,332.0 3.2 1,697.0 -3.3
2020 2,182.4 -0.8 4,350.0 0.4 1,732.7 2.1
2021 2,270.6 4.0 4,703.0 8.1 2,006.2 156.8

KI=: Port-MIS(ZMY: 2022.8.26.); 32U SR SH0|X[(AMY: 2022.9.10.); LA SH|O|X|(ZA
2:2022.9.10.); LB SHO|X[(ZAML: 2022.9.10.)
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E 32002 F8 A N B9 A ST Ad HiH] 4EES Hetd
Aol Al 7 & % 3540z 2019d7 202040 AW oju] AFEo
T Z0F sltoty o AR 2020900, LA/LBE- 20199°f lo]uiA
IES 7155190t FARY) A9 aHEE 53 A BA0A = 2020400
2 3=t FAPE HolA] igkont, A diH] JFES -08%= UEh, ©7I%t
steto] opd &2l 5tk A7 et 22 & 4 AUk ok Al A OJ
T 202189 20209 oiE] 2 F9] 57 7P UEY 53
F2UH9 W9 9] FFo] 202100 AL ARFALL 3E7]0] eSS

nFof] & & Sl

_

2) VAR B2 28 452N 23

= FFol sl A sk
VAR HEE &-8slo] #42 AlFsh7| Hsisle WA AAE A= /4ol
tiet A7o] Hasith A ofFol diet miele A vr|Ee 7“4(ADF
A7: Augmented Dickey Fuller test)= 3] ©2] ZA)
Hr2lo 2 AJstgict. ADF A% 23 GSCPISF Al A ?%hl‘“ OE‘: ‘?iérOﬂ
LT 9ol EAcks A o= WHEQIH: wEtA ZF HeE A
= 7] A8l AHES Al & SeES A & A BF g AQl
AAGE BAHE AT ESF VAR EFoll= A4 ARk 7o) uf-¢-
ok AIRRE WA AARITH Ao A7 g ST, 2419 aa/do]
stetety] wiEoltH AR - HF2, 2015). (& 3-27)2 GSCPI-FARY,
GSCPI-/d5toI3}, GSCPI-LA/LBRE] Al 7HA] H3gof tigt &4 AlAME 245t
7] S5t R R H| 7HA] HAES ARt ATE FYt Aolth. B4 24
JrEfste] Astolk A7 AIRRE 3AIAMR, LA/LBYE 1A AR

N

P
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silaAr SO D2 243 IEED 24 03

aEste] 24| A= Attt
T 3-27) GSCPI2| M AX} 24 21}
= AIC HQ SC FPE
GSCPI-54t} 4 2 2
GSCPI-4810[} 3 3 1
GSCPI-LA/LB 1 1 1 1

Z: AIC(Akaike test), HQ(Hannan—-Quinn test), SC(Schwarz test), FPE(Final Prediction Error test)
A= MKt E

<Ti -30y2 GSCPIS} 4} B5FBU)O] it VAR 29 24 Zi}
247 250 da 249 20E e Zolt.

(X 3-28) GSCPI-5AMSto| VAR 239 ES52F Hoka A At
B HZ HZQX} p-value =2y
GSCPI(-1) -0.292 1.575 0.853 FOISIK| L=
BU(-1) -0.598 0.079 0.000*** 29
GSCPI(-2) -3.916 1.568 0.013** 29
BU(-2) -0.244 0.080 0.002*** 7Y
Constant 0.984 0.595 0.101 FOIoHX| 4=

R-Squared: 0.300, Adjusted R—Squared: 0.280

e (01, % p (.05
RPN RS

AYE AwEH 242F 49| GSCPI2F 1-2412F Ao H 6& =5%°] @A
SARE 5] 05% FOSEAol ROl e Fi AoE UERo
o, Al40] B5l mE nlolyiaoltt & GSCPIZF AAsdithd 1 $70]
AR} 9] FAR) S5l F84%0 FakE k= = ST 4= ot
E5t o) 27]9] AR} BEeF0] S7hE WA Bakg BE] HAHe
o5
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oAt 20pd Dl 2lA3 Igen 24 03

oy
N,
1o
u
N

1€ B4 H, | Z2HAL F4L2 S} FEA] Al
oulSchE A<, 1997). 4 A} GSCPIY] dl&0a) FHARS- (.1400]2.2,
o]9] AELL 0.3747F Het. wkA GSCPIY] Hsle(REHS)0] | BFHX
0.374(37.4%)% F5ettd, FAR E5% HM%@—EH&#M Llncy
A (& 3-299 Zo] Yepdtt,

iy
Lr'fﬁ

ﬁ

[-'O

H 3-29) GSCPI9| 248t 2SO thet 5493 Al
IR 2R BMA 4NRE | BAIR
243 S5
o e -0,109 -1.409 0.738 -0.065 -0.156

(3 3-3002 VAR X3S &85t 9 FARF £ dSAE dnER
HARE Aoltt. dl= A}, 202299 EF3 202140 l H 0.4% “43oh=
glol 21X} 202393} 202499 AW diu] BRAES 47 5.5%%) 3.5%=
UERsit) o= 2022L4°ﬂ% ﬁ% %@Z]#A g eA=] 016} Tﬂé Ql Oﬂoolol

e
oIz
£58 2 Ol HEE()

2018 2,166.3

2019 2,199.2 1.5

2020 2,182.4 -0.8

2021 2,339,5 7.2
2022(011%) 2,348.9 0.4
2023(01%) 2,478.1 55
2024(011%) 2,564.8 3.5

PA=ED SIS
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o= Huwel Agotoldt LA/LBRl et 245 :
3-31)> GSCPI9t Astold 25 (SH O tiet VAR 29 £4 2% &
stold EEFol Wet 9T +4 AdE A Aol

H 3-31) GSCPI-A310|&2| VAR 23| S5 F=A 21t
s A= HEQXt p-value wod
GSCPI(-1) -1.168 6.021 0.846 FOISHK| 242
SH(-1) -0.743 0.081 0.000%*** =79
GSCPI(-2) -3.767 5.852 0.521 Q0|5K| ke
SH(-2) -0.357 0.102 0.007*** 79
GSCPI(-3) 19.598 5.933 0.002#** Q9
SH(-3) -0.225 0.085 0.009*** w79
Constant 2.047 2.225 0.359 SOI5HK| o2
R-Squared: 0.434, Adjusted R-Squared: 0.411
FEn (.01

INE=RPAIN RS S|

A AmEE 242 A9] GSCPIR} 1-2-3412 A 9] AJslo|g EFao

—_

A2l AJotold 25l 99% FrelEsolM Fefuldt Y2 F= A=
LERAT. ol AlRRe] Astold E5doel dAlY 25Tl Fe T2 BF
ofoju Aol 3ARF A GSCPIZF = I AFs EF2oltt =,
GSCPI7F 5@ttt 1 F40] 3AA £9f Astold Eadl 44
TS e Aulolth. E2h, W5 SARCE FolohA] ¢k o= e

U 1242} x%.OJ GSCPR= &5 #4291 J3ks 1L it} o= §
E5FY FANSEAA Uerd At |ARsE Aol

r
o
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oAt 20pd Dl 2lA3 Igen 24 03

(323 3-22) GSCPI2| ZAHSEAM ZIH(H510/Y)

Orthogonal Impulse Response from GSCPIA

SHA

-5 0 5 10
1

GSCPIA

-5 0 5 10
1

95% Bootstrap Cl, 100 runs

Rz KA A

(1% 320 Astold BEol et GSCPIS F4WSEA Ang
Upeb Zlolck. Jeo] e SARIS] B9t A9 SARRT S0 Gl
L4 07 A&5jo] A9 10437 o] o

E5F 2719] $429l Ggret 379 394

19

)

(& 3-32)%= GSCPI®t LA/LBY &G (LA/LB)ol Hgt VAR 23 A}
% LA/LBY &5l tiet 24 A5 A3t Zoltt. B4 A, LA/LBY
E5%F BAHCE Fou|dt JFS F= Hees 1413 A9 LA/LBY
E5%°IH, GSCPIY ¥F2 F9otA 2 Ao & Yyt o= (Id
3-23)9] AU Ao A= FAH YRt I18S 2 GSCPIY
AL LA/LBRl A9 @3S A %= 2= Helth
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(H 3-32) GSCPI-LA/LBQ| VAR 2&2| 252 Ja=A 2t
- A= HZ=QXt p-value Fod
GSCPI(-1) 0.048 0.080 0.602 SO|FIX| LS
LA/LB(-1) -0.007 0.003 0.007%** 29
Constant 0.018 0.030 0.607 SOI5HK| ke
R-Squared: 0.052, Adjusted R-Squared: 0.039
FE 0 (.01

INE=RPAIN RS S|

(23 3-23) GSCPI| 3AHESEAM ZIKLA/LBY)

Orthogonal Impulse Response from GSCPIA

LALBA

-10 00 10

GSCPIA
-10 00 10

ISP RSS!
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oAt 20pd Dl 2lA3 Igen 24 03

54219l 9olo] HlA|g A4 A= i—m}% sEA7EE wdog s
SEeS ASA7)E AQlo] D 4 itk AL oudtt The, 1 g

Doist A4 Aol the et Aol

A Y s}

GSCPIZ T8 F3Y W5 JPLY By PALS B 99
27bel $492 AXBHT) ¥ GSCPIZ} 1] qlsen|Lado] BEat
Vg A G FEY W50 oe 4ol A, A%E 299l BDIg
WF 5% GEIE 29 5 /MOR B 5ol7] Y] gl
S50t JFS LHPIONE AP %2 4 Uk ol HHS
B8] 915} GSCPEE THAIR Rt A %S Agstol VAR 1Y BA2
ATt AT W 25 ZH0 WSS SR SCEL, A4t 2
BIEQ) AR, Ar) Zelo] WEQl Avjalase) 4] 7ol B
o Al M ZHY WES YEF 4 b WSES Aol T Tt

ol Hs
—‘I‘Oﬂ/ﬂ ey Heo] FEsel vixle FFl Hl At A 5FA
A et AR eE F7ube B TEA YERYY]
, -orﬂ‘)rﬁ} ARBAAA e 2R eE B8, TS =530

Aystect. AALY ol oA B

ZF AAE A=) B dS Lot Y3 ADF A4S Al 23t SCH,
AFAAAA| 5, &) gl R]aeof] B Tlo] EAjshs ACE YERT.
EbA AL AAL R Ws] s 24 AALG A= =S FHokL
12} 2R2sto] ARt A3 B ARl AAER AR BEes,
A AR A A B 2HE (E 3-33)] FEiskt. Astold>

< A0 242 7E 2 H]) Ao yergou, FARIT LA/IBY2 27
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AL 2/ IR T2 et AR B4 71 wo] &85
AIC 7185 Farsto] HE oAl 2A2H8 A AJRlE A7sto] Z1¥st3
o}, E3F olg 7] H4E B85 VAR BE BA4L AP AL, |9
<A7h AR TS v S AHEHEE - EEL, 2015). wEbA] W]
QA7 o5& wtetotr| Qo) 1A A3 (Granger causality test) S
59l W0 £AE Aot ERE, 1997), A8/d0] 3t SAHE AL
A, AmjEf R, BAR) 25%F, SCFIY o2 X¥g& 453t

(B 3-33) MY Az 24 2t

o8 AIC HQ SC FPE
A 2 1 1 2
oJot0[gf 2 2 2 2
LA/LB3 2 1 1 2

Z: AIC(Akaike test), HQ(Hannan-Quinn test), SC(Schwarz test), FPE(Final Prediction Error test)
A= MKt AR

Gt 339 Hl 7K 45 283t VAR 2F 84 43} F FAR 255
et 74 23S At Aot 23 HwHEY 1-242F 9] 74
59 1412 £19] SCRIRto] A9 Fiked &8l 95% frolEatollAl
FoAve JF= F= A2 YERE O, A Fos T oy ioln)
ol 1-24A A9 E5d2 FA S5l FHAA dFL nidde
Sfujoje}. EQt 1A} 9] SCFle A =53l wl-¢ et #A44
Y& "Rl A= UERdT. AR 8- 2E AR 53
2784 FF= mIAH, 1ARF A9 AvfuiRlaes FAHR] FF=, 24%F
e 384l IFe viRle Aoz ZAHUY, o] IF2 s8R
FosHA 2 Aow yetyth. diaog, SCH9| o A 5301
AR Y= A, AR} v A e] GFL FAXCE
HSEA &det



oAt 20pd Dl 2lA3 Igen 24 03

(H 3-34) 4l Ha VAR 2YO| 24 25T JEEM 21t
SES ;1 ES EZQX} p—value oy
AQAAAX|(=1) 0.260 0.324 0.424 IO =
ANOHEHORR|S(-1) -0.282 0.227 0.216 ROYSHK| 4=
Bt

sza(1) -0.571 0.084 0.000*** 72

SCFI(-1) -17.167 6.712 0.012** 7
MRIMAIKIA(-2) | 0.106 0.324 0.745 QoI5| %S
ADHTOYR|(-2) 0.184 0.228 0.423 R2l5HA| =

mgg(ookz) -0.199 0.084 0.019** =9

SCFI(-2) 0.556 6.853 0.935 ROISHA| 43

Constant 0.965 0.614 0.118 7OIoHX| %3

R-Squared: 0.317, Adjusted R—Squared: 0.279

_7'(_: ***p< 01, *¥ p<05
INESPSWN RSS!

g0 i 242 99 Alsloldat LA/LBY S50 el et

3 A% 242 AN (E 3-35)% Astolge] fat B4 Ane
e Aolw, B3| A0} AT AI 47} ABtol BBl
H 3 A% 1AAI01A 95% SEsto] EA R SejsA Yepos),
Aceo] Hpgke EajAoltt w3t SCRIe] WisjolE mloluAo] ko2 FAA
on foluld AL W Aow Uehirh 2, Aololae] BEL F2o
AL, 2], 9 Zui0] JFe LR ) vHeth o]z, Raauie
Tk B4 Zab} ek ol Asiolgle] 35 BEE0) PR, APl=9)
o] quto] Aol 97| Yoz meal

(2 3-35) Ul 4= VAR 22| Yoi0le 23 I 21

SES A HEQX} p-value 2o
MAMMX|2(-1) 2.563 1.189 0.032** R
ADHEHOHK]S(-1) 2.198 0.665 0.007*** R9
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s A HEQA} p-value 7o

Y310 85(-1) | -0.689 0.083 0.000*** {0

SCFI(-1) -73.148 22.825 0.001%** 29
APAMALX|2(-2) -1.097 1.107 0.323 RO kS
ADHTHORK|4(-2) -1.217 0.803 0.132 FOISHK| 242
A5l0|8t 252H-2) -0.096 0.085 0.257 FEIGIK| A=
SCFI(-2) 11.149 23.275 0.632 FOUSHK| 42
Constant 0.927 2.135 0.664 FOIGHK| A=

R-Squared: 0.532, Adjusted R-Squared: 0.505

= KA S

TROR, ( 3-36)2 LA/LBYl tiet 24 23E A3t Aol &4
A3}, 142 A9 LA/LBE 53 2413k 9] SCFIRto] 95% =& St
SAXCE FORt I A, v= AAABAA| L} Al A=
LA/LBY 25300 SA4CE Foldt g2 vAA = A= Let
ole FAR) Vg 243 FARE Atout, FAkJolt Astole) F4of HlsiA
239] A9 (R-Squared)e] ¢ & Ao = Yeht, LA/LBZ Higt
VFE THP] A= & o ohdet W] digt 12j7h Bast Ao
Heloh,

(& 3-36) Yl H4= VAR 29| LA/LBE =5 Je2A dut

A A= BEQR} p-value QoM
AR (-1) 0.392 0.520 0.451 Q0l51X| ke
AOHEHIRIR(-1) 0.270 0.367 0.469 D0|51K| &2

LA/LBSt 252K(-1)  -0.258 0.082 0.002%** 29
SCFI(-1) 10.071 10.691 0.347 QO|5tK| et
AAEMR|(-2) 0.194 0.518 0.707 QOl5X| ke
AOHHOIK|A(-2) -0.284 0.366 0.438 D0|51K| &2
LA/LBE 25%(-1)  -0.097 0.083 0.246 Sol51x| o2
SCFI(-2) -22.869 10.740 0.034** 29
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oAt 20pd Dl 2lA3 Igen 24 03

LIS p:[ES HZx} p-value fod
Constant 0.614 0.986 0.534 ROIoHK| St=

R-Squared: 0.063, Adjusted R-Squared: 0.010

_7'(_: ***p< 01, *¥ p<05
PNE=EPS WY

thA] 2kl tist BAlo g Eolrl (17 3-24)= BAL E=ako] tfgh

vl 7HA] #e] SA4RSEA 23S UEhd Aot AR o] 4

F SAIR} FLHA, AR AR JEARA] o] vEdH, 1
I

T2E 002 sHTT. Eot 27]0ls ARl 2R BiztolA| vSst
L 242} o] Fols AvjgiR|o] o wgsHA HESshe BdE EUH-
=02 SCFIo| $40] 7}3 G 7 3
HESS Hou, 3AAF o] 3R El= REgo] A9 AlRbA 022 33t 1A1R}0]
A gt A HES, 24 = At 3 A ]l Rie2 Hole A=
4ot &, AdHlold A7 A9, e 719 22 WS
HESote] siEohAlE, Atk 7lole A=l 82 Asf B E5T°
Foohe 82 ERltkes IR, ol FUEET 87T BeAle] &3]
tzo] Yehts 5408 Held. 2¢o] Assiaintal OHH 741 HH ’“;}
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Orthogonal Impulse Response from RSKA

Orthogonal Impulse Response from PIKA
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oF 24 Adof|A= GSCPI7F &5% ¥aoll A9 JE vAA = A o=
Ueh, 357 #so] JEsEol nAle 92 dd =7 22 357
£ 702 Holt}, rhdog

|, &5 SHY 35 e 4249 &= LotEr] f1sf SCFI%t
SFeuet ARBARA |, ArjuuR]47t FARY Esol vIX= gl sl
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B B4 AE7H1667) t1e] Blaa QA RAPIME sl Lt
S5 (119, "SHFHALZ/ 2ok 294415 T Q59), HEAGLeR ]t
SFAEA ALE"(G190) 5 WF v ETO] T ZRHEJTGCE 2-23)
A1), 104 vl HAaa ddle ZER] ZPAR, AT 2ot #gel
243 nje A2 ASH R =ofHAL Jlon, T Z2H19= %t
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20194 11¢¥ S FHo1d S3hAlolA |z B =1HY(COVID-198=
20209 1€ 20 FujollA] A& &7t @AYt o] 5o 2022 8¢Y =
SRR} 271 AA| A7) 39%0] Dot 247 HAFEA} 2,570 B)S xItsh
o AL SAAIZF A&E L QUek43) IRV QIFE T AR BA -
3} 5 A Hokoll AAA Uehton, A Sk 9] figk AlEE AR
22z 53] WA Zgtol] & W3kE 7Skt SRS B
of W= 44 20219 AR F8 IFAE B FEY $E 67 o=

43) AR F(HMY: 2022.8.10)
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oAt 20pd Dl 2lA3 Igen 24 03

A 59 ] oF 43% gastct B 99
AV 43%, WD D A 479z 3A gast 2 e
20% FHS9AE. TEUH09) a0z wyAe] WHEs} tha, ARk
49e AEshe B EdSe) sl A 2ne fHEc,

=419 Hﬂtﬂf”_i ?JOJ 3’&% Ef“—i_-J Holes IAE F21H9 A9

oyt AT 252 93 A8 JAYLS mAT e o] ork. ol
H401A 2 AT Rzi199 2 A PAdR g Sl
SFFAAE Bt AAH AAES EEFuA et

2. FAF AR H HlAA

1) s Z0F 2|23 Al

(1) SIHIO|ALIHE ARIESAL

7h MALJHE R Ojel edE
20074 124 6% Xl AH @M SJ3 A T-52)9

dlEo] ZJet vl AeEwA IHJLAGH 12)°] Hds: d5H e

A ouhE oA B Fold A LU HolAY 32 FESIA

T, 1 A A2 96717 shEeA So] ST 2,547 07 95
ot suolAms 5| A Agieh e FRE 1Y 3-259 2t}

olot

44) A

U-8AH(2021), pp. 110-111.
45) 5143|

EX
243(2021), pp. 50-52; ZE3/(2021), pp. 113-114; EIX42K2020), pp. 21-25.
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(32 3-25) S{H|O|ALXS At Ze(et L5 72

82 23 6Al

2K
oz A

B 5{H[0] ATZE SO MIRAS At Hid |

aito] AT2|E

EfQr 2H2|ZE SAZ 10km AP 94%| e oM A2
12+ 500k0 /=Y 5035k0
sig3Rl S5 AfL 2421 A= Et=

A2 AE ols

MY, YUY, 0FVIEM et ma  U4F, 0y 7IEM
12+ 6500k YHFE 1300k0

% YR £F2 20007'H2+ 1995 H|w

A= MS4E(2007.12.10.)(AMY: 2022.8.8.)

GA AR REE 7152 19959 A ZHAT GEF0] F H) o] g
S Fojpolch & AR Y 14412 glo] St Zo2 wh2A| §Yxlo]
QI sfitoll Egstaion, 484 ol g™ Sit7HA] & 70km 7H7Ho] 2.°]
Hst). sielolks 715 BolE] Az fEeH, YHAE HE dH=
Hsto] siFE whet oot

20084 28 7| GA ALz Q1% 5] ffRe SEI AeR g FAR
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ol 2Opd Dj2f 2|23 IEEa 24 03

oF 30t 4,000hac]l Bk, o] 29 38ut Mo 77} WshE Holth A
FEE U HigtEo] SHHAEA & Akidgo] Fasto] QI AR
AT F7F HhF HARSIAIL, ool FushAIHA ool JE7t A FAFA ol
AL FFS 713 20114 71& FF2A0s) FFFA] A7} 4=
ol o] ErF. I Hiol= of Ayt FFY w2 It AGHI YT P4,
|S95R1e] A B gAY 2 A9 BEo] 219K Aol Aeisirt.40)

N

Lt Ak2 CHEAA

] AT 542 ,
SRUTAL 44, L5l YA Aol AT 0B A7
2 58 AAS ZASGc o BT A Azt 3 B Ags
HES T QUUAS ATLT, FEA HFHIML} FAGF LR
N & HohEA WA B BAstel AmA Lot g oS
A5oigict. 129 9% AT G249 B3 RS ST Bk, WAL
9T AURAAE EAH et

ARl o] %o SYFFLAAL g2 AT A= o FES SHeE
THEAT AA, 27|08 2ok 7S HsiA e EE2 3,0008F
TEE| tfY WA GRS, s ARSAAE Y S
Sttt TS, AAAY] Pl TES FFA717] oA A E I S(SCAT:
Shoreline Cleanup Assessment Technique) T2 13-S EQJotal, A&
R} 2] A Seslt. B4, Siken o) 2 SRRA A Axist
2 o9 4] BUE @ B 22 SHea, 08 Ao FHlel A%e
3 A} A, IS Pl dn e e 52 T3]
Aot AR, gafulld 5 BH ALE W] AN FRLAEYE
S AESHL, G55 AYAM] ARt gefEld A5 A%t FHAILA

do

46) ZEE-0|58(2012), pp. 205-207.
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7h ML JHE R Ojol i

2022 749 4 AAEFAI Y= 20119 SUEAAE FAlo]] =ol

o
2 F7A} ALY HeARE YAA7)7] o) ASE YRS Sl
W= Age AAlow QA DAL Aol 7% el x5
H Ao% FHHAT, QR ARE o] Fuo] G 257 Q@SS
s 5to] 43t RS ool Wt ST A S FT Souete

A1 o], ] ol AARE A517] 9I8) oS FUsta o,
QELOfA] AJSlp7HA] FRlE]o] FAEE LA A WFOlA] sl X 180
7FF QA7 AL Qi Aol = AFFA(EYR), Ale-134-
137, AEEE-9) 507 A4EZ ALY dE EZlo] TlE| o] Qith dE
JE= AHEA| A H](ALPS: Advanced Liquid Processing System)&

o83 1Y B% BUL AT, B2 IAjElo] slriel ST Aolct

AOA% WEe) 4l BAL ALPSE AN TekE ARogsold 45
wtebA] Sjogel Q@S PESH A9l virte] et
W=D, 5447t QAO] EEE DNACIY B HEHOL BgAA $3
A gt AT BAE GoA 4F TS FEAL AY15S A

b
rr
oL
i
EL

47) M85 - A82(2008), pp. 61-67.
48) 2245(2009), pp. 409-416.

49) iEA7} QUM HEEQ! 45 LOJH 0% HIEKIS YARSIHM afE44A7t AEOZ HITE
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2 9l AR S AKIOSTIS F7AI 94 0 G471 WEEw
Sujege] A4 ol & F oli® Axwet Ad] wge &
HOITh 19 3-262 FTATH GHAT A9 maS tehd Ao

=

(2 3-26) SFAIOLM|T HXZETA AL A

At&: BBC NEWS Z2/0K2021.4.13.)(ZAAY: 2022.8.8.)

Lt Al THEAIA

20219 LE0] A Ao @ W o] HRE ofF, IRgde
Zt T I FLFAE SAILGAE7IFHIARA) AR 3, 3G HARs
HAAA =, SATE A3}, L2 oibE 3 U 15 A PAks
AAE sk, AR BA & 59 HiAlE TR0

50) HZI-FHOIF- FAH(2021), pp. 3-4.
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(1) =L At

139 4320200 TEUHIR QI3 =uiQ] A ABHS vlE3 Tt
o] ARG AR T, PRAIRIS] 971E FBal] gt tigro Atels
50S PPl Woke AN FAH o, AE F B 57
A A2 MICEQ] 9X|9} A YA #3472 24, Ta By
7] A& ARA vH, w3 FOA| 4, IFA] SAR
Are] S71e] mE W w9 58 TARIY) AdslEsie e Ak
wetos AQksigie.sy)
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=
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1

ok Al

3

Q& Q] Y(2020)> ZEU9 o]Fof HF4
slEst7] 9%t ﬁ% eS| sl Z=199) 2
Aol B A= 81 Tobstitt ARk 22
EUE 24199 EHOP 913 ZH54)3} 2}7) &
oAl HX|= FF= 461G 4] 2%

oL
e
At
b

ulz}e] of Al
3 A1 el
AH350%) Ahe
55)0] 07| 913 7] 7kt
. F2Uh109} TgAe] e
JABAZo] £24E WA PRIAO] HHH JFL v1H| 1, ¥
B PRl P AR feuld FFS Gk AR Vet
(29 3-27 F2). whebA] Az A JERE JRATL B Aol
#3540 IS 489 5 glone SR T2 HY S 1
49 A 2 IS0 ol 2UC02, QY- ol
222401859, o2H-0]71 501759 5 SAF BTN 24T Ao
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of
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52) 17| 2|50 FNEIR 3|58 4= U= 3l= 40t HStE SHA0) M Sot7| I HSMs ENE 7] 01
SO LR AEI2 YA e 5
53) 5 W&=~(2020), pp. 514-515.
54) /&2| E40|LH Z=0l| THal| 7HRI0]| AZtok= FHAQl Tt
55) £ ME0|M FO0Z URIS LS 7HK| 1 HFHO 2 ol o UCh= Xp7| A
56) 20|<- 20|(2020), pp. 102-104.
57) Z2412(2021), pp. 258-2509.
58) QHAAl- X0 B24(2018), pp. 224-225.
59) 0

0|8%-017|5(2017), pp. 57-58.
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61) HIXHR, Al M, p. 26.
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(2) =2 AR

Gu et al.(2022)9] A+= T4 JET7) =2 4 B4 7iL=HSIDS:
Small Island Developing States)®] ZZW19 I3 HAS ¢t AT
ST 3-30 FR). AA= EHE A 9E R Ay so|&
(TPB: Theory of Planned Behavior)oll T-#3t A8 A| 23} 5] x]of w2

71 Fasto] WS B4 A3, = ﬁ
HShA7)s 7hg mabeel Pakigoln, Eak HEhio Qg HE
B A N BAH TS AHA, Ao AHA sEo] 2
A AL A0 UEptehe)

(O3 3-30) 2& =2 HAANQ| QK|

[EYe)

M o
®
S
o
o
=
N odl
Hu)
[

{Risk perception) {WoM) (Risk perception)
(Resorts Quantity)

Subjective norm (Security level)
(Pollution index) ~ attitude towards v
behaviour Perceived ——
behaviour control ¥~ Feasibility o
\Tourist behaviour traveling time Aver;gset;?ngth

Actual travel time

intention \
\ comsuption index \
=

Tourist arrival from

: Tourist arrival from July 2020 price index
Policy on uly Goods and ¥
Tounm |2017to March2020 asgnd Demand and
N Tourist arrival rate Tourism Sector) Supply Balance
o . o] Number of >
Tourist arrival tourist Tourist departure Number of visitors  Required bed
Goods and in Maldives — capacity
Service Tax for WoM
Tourism Sector
\ -
. ourism {
Goods and Service Tax & expenditure € (Average length .A\/ecg{agfa\iﬂglh

from the Tourism Sector of stay)
(TGST)

{price index)

Xt&: Gu et al.(2022), p.1489 (Figure 4)

62) YS2(0f Cigt 42 HRTt U= =7MI2| Y= Z2|S HRGE M=

o

63) Gu et al.(2022), pp. 1499-1500.
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silaAr SO D2 243 IEED 24 03

Li, Ma, & Zhang(2022)2] d7-= #Hjote] I 2149 kS
Ao TFA S48 IRt A dicks ©As| Yo SDE -85kt
e & A, WG 7o}, g Ei}-i], AF HE %A S ot

EE
Algdold 242 S8 L2119 ALt WBAT Aol ZHAl FH
ik vla, B7RstAtH I 3-31 =) OH it & w34 BRoxx|e}
G0 §9 Aot o] F=21H9 AR TF7iEe] 7P el o=

715 9iet60

%

(O3 3-31) Z2LH9 HAZX|QF HEIHLO)| TS QK|

/T’ Exposure +

Tourist activities in the
fight against COVID-19

Number of — Total population of
+ tourists + domestic transportatlon

The number of
international flight

Shopping, catermg and

entertalnment activities Employed

populatlon Domestic
transportatlon bans

Tourlsm income
International /_ + Enterprlse |nvestment

transportation bans  Government + in virus prevention

+ |nvestm:g(t:t|8rmedlcal Government subsidy /_;

Government for virus prevention
investment in virus
prevnetlon

+

+
Preventlon level Quarantine

policy
Transm ission —"

Rehabilitation rate

\ Number of g2
|nfection cases

XtZ: Li, Ma, & Zhang(2022), p. 8 (Figure 3)

64) Li, Ma, & Zhang(2022), p. 8.
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Roxas, Rivera, & Gutierrez(2022)2] A= A|AE] Akal(systems thinking
approach) 71d<& A&3 ZEH9 o]0 HAE /3tot= HRte R
RIS SRAE BERSHUTHIH 3-32 =), ZV} EARALE 39
F2UH99F A H7A|, 13 WA=, 2= 2FHY] Aol gt
AIA=E Ao, AHA = oA TFAIS 58 X734 359
et of2] A A, & 7HA RS (value chain)®] AEA|, AR HES
9] HAg}, WPl e] Wt 52 AQFeEIT.65 o] Qo= Sedarati,
Santos, & Pintassilgo(2019)66), Chen(2004)67), Lola et al.(2019)68) 5 &
AFollA SDE o]&ste] I 24t AU 24 At L2(RIHAE)E
TFgstaL, Qi 25 EUE (A WARIY AT 2S4S R ek
B7leta AAA A S A A6

nol'

(J% 3-32) Z=ZL4199t L0 T Q1K =

/ Experience v\
LocaITourlstS \ / Satisfaction Tr“St\
/ Commendation Safety

Profits of Tourism 0
Enterprises

B1
Tounsm Products
and Services Pandemic
\ Susceptibility
0]
Local Economy Tourism Density /

\ \-> Sustainability
Local Jobs /
\ Conservation

Xt2: Roxas, Rivera, & Gutierrez(2022), p. 91 (Figure 4).

Forelgn Tourists

65) Roxas, Rivera, & Gutierrez(2022), pp. 86-101.
66) Sedarati, Santos, & Pintassilgo(2019), p. 17.
67) Chen(2004), p. 111.

68) Lola et al.(2019), p. 268.
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29 5L elago] Be Paele) tgas 2 U
AL

T ATAE BN e AAES =SS A, 2RI
QAT YA ke B7] S A Tk WAAel] Siek ook
A7} AREIR. B4, TR0 Q1% GRS BaARlzele] 224 as

g

ool B BAX U BF 5 BY PAH@FINAYS A
WY 203e] Yeln WHEFAL $E TRRDL, of
AR B o] LT A, B B2 A 22O

ol Wete WY EAC(GHFA AT, HAATY %)Oﬂ e 234
BAsle. 2 AL ool ARl =2 AN
ATt SHFTFS) FTFS B 91T A B Sl 15 Aol wgsiiet

o) It
£
A
o, 1=
2 > J
L %0
e

3. B4

1) AMARCHOILHA(SD) He

SDE= AJAH] #iEo] WEa] 9] o 2 HE HAStth= WA & (endogenous)
BN A" R = WiA HeiAle d A=S A" 294
24 9 4 AR 7o B g oz olsstal, A|AF Ay} Hat
S AFH 0w A Ystr] {3t &4 WEolth. SD= A& H(system) 2t
tholHig A(dynamics)7t FAZ oz, ALFL Tt Al FH_ AR
TE BH ]Okﬂ T20|3L, HolEiAas AR 550 wE FEiE AlLH

o

o] HMsht W5 FE(BOT: behavior over time)e &4)517] Y3+ Htoltt.
714 F2 % m=d 22X (feedback loopye SJulsti, WE e SHA
Pe] ¥ (dynamic pattern of behavior)& Qu|gitt & SDE 7|29
ARIEAAES] AT Ay} 9|9 DA ALRAlE A E
Tt Qe oH AIAR 719 AT f713 0] 1 gHA Rl FE A A

lN
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aste] AARE FRY Al4CE viEtEE S Wit

PgsletAY AE E FAlshe BheS Rk 29 3EH FI(negative
feedback loop)ete] F+ZoHH Az FARITh ol B° A AT 49
EAAGT B]ele] 24 29 TASE Alkldtth ES SDe F&IHH
QA & (CLD: Causal Loop Diagram)s EHE &A| o2 ol chyst
AU Q A4S st A7l mE e H3E A level) T} FF(How)
719k} HFE AlEgolA(simulation) gttt T3 SDE Tl of2{sirhd
(What-1f) Fejo] FAEAE o thget A AR E EEetho9)

SDi= BTherst AL] FEAI 2N Tol ik Bstshe 2ol
B2 olsista ek mAeh] Sistel Al Abw jue] A 24
St Ao} Zlute] b B4 upe AR A7 iRl ofeiet
SD 37 A4, 299 49, A9 A 59| Aslaehy st ohe,
BE w9, oA @ 3, A B4 59 Adaisto] o) ol A,
S oabay, WA Feoist 53t 2l HololA] BT ek

v

(1) AABICIO|YZIAGSD) 241 Rzt

SD rEEe 94 2

Ql AAF S B8] 44 B4 A RS et theow e
o (0]

B4 7o A Wl F4S A5 o ATT PHES AR

69) ZABH-QAR(2016), pp. 42-44.
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70) Choi(2018), p. 137.



39| sffoltt.

E ABAE FASHE T2 U5 710 494 QIS Bk

Q.

2 0w Mo 4 gl HEkd XS £2517] 93 ApmAlolrh
E

S 9B AAlS A YRR a0z

AR = drbx o2 thefst AJAH U¥(system archetype)e T4k
Aok HrkEA ARFYAClH(Pegasus Communications)oll A 2
Systems Thinking Toolso|Al&= A|AEl AkAL 7]HES] QITA| &= Y-S A
738} AA(reinforcing engine) 7|8Fe] &3} HEAHGrowth and
Underinvestment), 4472} $HA|(Limits to Growth), &A% H]={Tragedy
of the Commons), 18|21 ¥19JH] EolX(Syuccess to the Successful) 52 &
FEolal, #9 ZH(balancing corrections) 718t B3] #F(Drifting
Goals), %5 A 7KEscalation), A%2] Afj(Fixes that Fail/Backfire), 18]
1 3=9] 34(The Pitfall of Addiction) 59 ¥Foz FEs}L QJrt.7D

71) Kim(1995), pp. 13-21.
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(B 3-38) A|AH! A1QF AJARICIO|LHYA

T NES= PN AARICHO|LH A
2= QItX|=(Causal-Loop-Diagram) | XNZE-SZ=(Stock-Flow-Diagram)
e | QMG EMHE(Soft Methodology) | 74118t M 2(Hard Methodology)
2471 HEH(ntuitve) £4 T niaton) o4
ZH(qualitative) 24 X (quantitative) 2A
TERET AbAlO| LX 5} AFA] 1O S4A} HI7
HA ti=X(general) 22X (expert)
== 2217| E37 A5t gl Stella, |\T/2|r?ski,mP"oX\;(;r|§ngtudlo,
X2 KA R

AR A= A2 4 AR Odet ATEQ0lE E-Eoto] AlAFHO]
WA A& o] A(system dynamics simulation)& F=o1l, ASEAS
Aldgst= @At} o] @A A= SD AlgdoldE +55H7] Yol =8
HEEZ AFEA A B8 L&t 38 A HeES AF-73E
(Stock-Flow Diagram)@ Z}/dstt}. ESH AA| EA0] " Q3t H 719

S4=Al(equation)} H4(parameters)S A4 gt} ]Eﬂ 3t AF-oFre
T A3 TAERAE TA, © AFGtock) HE, @ FF(flow) B,
® X F(auxiliary) ¥4, 123l @ 4<(constant) E+= %Z—H(policy) g
T=E 5 Sl o] & W M a9 BAS Al 918 2
(lookup) ¥rehs I 45 o83

o|9} 2 DI AHF-FHFLE ?5;5}
(Vensim)o] @loH, Th3 (I9 3-33) Hl
At Fa3F L4 E0t,
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(O3 3-33) A|ARCIO|LHYA FHA (I DSS 9.3 AZEQ &8)

+

O Constant 1:
(oscillation pattern
function & value) @
+
fi @ scock .
Level
@ inflow il 0 outflow O constant 3:

(Input) Rate) (Output) Rate) delay time
© Auxiliary 2

+
5
© Auxiliary 1: Table
Function (Lookup Table
g : ) O constant 2:

PN X time-related function &
Constant 4: value)
policy-related

value

+

+

Rt M A

A stock) H4= ol 54 AlX(snapshotZ 71208 SHH AT
2, A& &0 BE 9, A7, AL 2, 29 1, Y 5 Al
Sk Zo] B4 Al A" A 3 Qulshs Aolt i (flow) Blee
U 7|7k 71E0 = mfote W] 5507 o 5o sEhs A
Ao 7S HARE SAE 9 AMEE, B S99 ek AR S5
gt 183} Agolgtes FAF 1ot Bt T2 FEFS Yulditt.
B X(auxiliary) e A e 499 A4S 44 otejd ExFo=
ARgske i e BR BeE, 02
o}, A4(constant) E= A (policy) Mg B4 7170 HoA] g= <
7 SR, WS QAU AU EA4S 3T of A4
wolc}, o] &9, A B dAolA= AEH|o|AE 35517 ol A
AF-FHEE Ao, H 719 AFol 7uhe & 3 IA14] Aol
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-
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YA dAAE SD 2F9] efFAS AZ(validation) ¥ E(verification)
3k AR, Sterman(2000)2 SD 29 EFgAe 37 F2F(structural)
Etd/d3t FHj & (behavioral) BF3/0E F-Eoto] B9 AFEE Eolof
SThL 2t Uk o714 124 egge T2 ey, setulg el
el 3 24, A4 ABYF), 2 99 QBHS BFE Rl
FEA B> A AR, Y B, B ARl AEA,
50 6(1)@]9,] \ﬂ___]- 73;(1] xlx%;ﬂ(oﬂgﬂ) Eﬁ]xl E.H% 7-153].%

gﬁr

R o T o 7/-1011‘4'- Olﬂﬁl
Al B A% mY0 078 Ssa wdlo] ATt A24e
JSst= 9 Qs dAolt,

74—7;(Reahty Check®) EVHE /\]gEﬂOMjQ] A7} 3HA X}i(historical
data)e} 7FY FARIES HE9] Bas0] HAgs 445 Y 1A
9 B (Model Calibration) 123l ARZ S-S W2 A L
83 WMol ol FFIaIA} sk HgEo] FHY sl QsiA drt
UAsHA WgSteAE dE ol&s HFche WA AlEdelA

(Sensitivity Simulation) 5= &9 SD 2389 e}FAS ASolal &gt

2) 24 T

TAAY 4 g2 SEvEtiA F HAZ 2 A AAZ &
AAAE, ST EEdol &6 Qlom, A&CE TP F5&oR
FARGAA et AZE 0] QITHE 3-34 #=x). AAAY WAL 402.3k'E,
201949 129 712 248t H(109k 23 7HHo] AFstal Qiet. 19719 AAH
7} hE ol Sx9 QA=A WAt oH, -2 Mg 45T Y
S XAATE Slo] IFAT} A 2AY0] Lttt
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ARAY AN ERE AA B BHARIT B S3 9 244

IS A2 32.4%(20199 7I9)E AHAISHH, 202049 71& AANE =t
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E
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Atz 0P - 513 - 515=71(2021), p. 218.
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o] A+= 4 YAIE AFHAGsItH HollA w7t A

(23 3-49) MG IISC 2 QIoh it LIGH(ZE)2t AtelH 24 HEHRE)

POIZ)

ARt
ALE %311 3H°@7é‘ 24 H7l EH2 A iRdS AT Y A
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A& 2X(2020), p. 143.
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Yol B AT SD 979 AN ¥ 4 9k SDO o 2H ErjE
RHE 3} SAI0 0] ST Forrester(1961) FEWolA ThEo] HHAjsle
A9l 7] QIO MsHe ofe] E50] 4u M=uloln), o] TH5o] FAA

]
EHbullwhip effec)d TH50] AN AL Wt Te4 Farp st
£ Forrester effectefal = e} 92)

Rebs, Brandenburg, & Seur1ng(2019) Z2¥H FgYo| Z4E g7
gl FoFsetr] whizoll A&7t 35 P‘-ﬁ‘(SSCM Sustainable Supply

Chain Management)2] $8/3Z, *15%‘ ARl oA TR (¥ 3-51)
Zo] AABIYEE. o] mdlo] EAL %1—}%2 EY 719 4 29 BA =
B2 3 A2 AAE o T

r°1'
3
dm
oX,
o
v}

(12! 3-51) Rebs et.al.(2019)9] X|&7+s5t ZBUAE HE T

= Input-ReIated Environmental: Biodiversity and
'.~ Resource Avail. (Material, Water Land Energy)

<€

Pl s Social System

/- - N\
SC-External Social: SC-External Social: '\
\  Employment, Wages, Population, Public v
.+ Health & Safety, Health, Education, +
i Staff Training Community istributic

Income Distribution ¢’

Economic System - - -~ - - - - -
(" Customers ) (_ Top Mgmt )
('Shareholder ) (_ Employees )

Raw <« N-Tier « < Retailer/ < End- N
Material = Supplier - OEM , Distributor » CustclJmer Legend:
L3 LY L] L)
Financial: Non-Financial: TBL Metrics
Cast,\ Profit, GDP  Quantities, Distance, Q/uabry Stakeholdors
Output-Related Environmental: -
Waste/Pollution: Solid, Liquid, Gaseous Sugglly lCham
Some Emissions: Notse, Vibrations clons

A= Rebs, Brandenburg, & Seuring(2019), p. 1276.
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314k, Sterman(20001& TR (1 3-52)9} o] SDE T&sh= 33
T2 YYPg HojEr}.9)

(a3 3-52) HIK| Ael R8Y 71X AH
Delivery
Delay \

Co=——Z—>| Sti?\‘:y > » Inventory >
Order Acqwsmon Sh|pment
Rate Rate

+
Expected
Del|very
Supply Line elay Desired
Control | nventory
Ad]ustment
for Supply
. Line DeS|red Customer
Indicated ~_+ \- Suppl Ad]ustment for
Orders ~— Lﬁ%y Inventory Oreers
Supply Line
+ Adjustment + Inventory
Time Ad]ustment
Time
)
Stock
Control
Dosied” i
Delivery o —
Rate +

A= Sterman(2000), p. 688)

9 BES UYOR B ATl W FFY 72E RIYsigor, o7
FFIHA-5 $Y B0 AARRI 25 BIHL FT] 72
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T3] T3l SD Rl = AA Y 9018 Akl ndlS L35y},

O H o i dl

dl
i

!

93) Sterman(2000), pp. 663-708.
94) Ibid., pp. 537-544.
95) Ibid., pp. 428-437.
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ZAHZ

(1918A8)
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Nz 0l 5 51=71(2019), p. 71.
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w45 AAISHAH.%0)

(23 3-54) ZMIR7t 480 HE 020 F X|F Hat MY 21t

m 7|ZE(centeral)
o7 (adverse)
E7|(severe)

44,086
1,498

012 HAAPIZ(El/kg) |

A 24 23, =A4R7F A E7IRE 7 AlE B9 20229 oﬁOiO*
AL 71 ABA HE] 5.6% ‘f‘z;} &4 o=, duteiHelie o7tAS

51 712 O] W19 9.3% 4E AO2 Ueleh, thgoE FA
5501 SRV A48 B 202  ofzolg MR Tl AR
6.6% HAT AR AFHAOH, olo] ureh YAIIAL 42% 45T
Aog vehdtt

SHA] A& Hiet o] KMI-FOSIM2 tite] #st 8.lo] 4k o]

l:ll:l
TT'__

96) 2I-2 Al 0|F ZHIR7t A4S0 M2 AR HSHEMS 21~ AR 2501 2022 42 Z0i| ZIstst
HOZ, ZHF 2/(2022), p. 52-532 Q2k510] ZHMGIQILCY.
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(1) 282 Hol: Dynamic Problem

(J3 3-55) 2013 1&~2022A 72 HE 0§72 HS}

o) =1 7} f/"\ /
@

00000000+ DOOO0OOO ™+ DOOOOOODF~ OOO0OOO0F+~ 00000000+ 00000000+ OFOOOOOO—+ OOOOJDOO+~ OOOOOOOO-F— COOOO!

0
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

X Stz SUAREME (FMY: 2022.8.26.)

91 (19 3-55) 201395 H7HY e EetAo] Folg Hojz
o 2emol © X} @ P X-olHE GRS WS A7z 27
eiAlotel we) 7 Hao] mE e SAe] FA, 29 At Fo
a0 443t At

9 HlolEeld F52 A2 X-oMIE o] AJ7]e] gH] EujziAo] iAo
2 i P es A -HeEo At HolH.

SD A9 AlZ2 Dynamic ProblemolA AJ&gict, maka] B dile
A © F @ oA =7 L] Halrt dofuls #2AR1 B4 1185
= A3 A, X-oHlE o|Ho] Lufjr}Zo] 43| HYHeE {FAEHIL
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Approaches for Change
in Traditional Sectors:
The Case of the West
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Economic System
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* ItH|H: Foresight Manual * 281Xtz 24
(Empowered futures for
the 2030 agenda)
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Global Centre for Public
Service
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3. £t 20F SD B Equation ¥ Units

2 ME
INITIAL TIME =0
FINAL TIME = 67
TIME Unit: Month

TIME STEP = 0.125

W ZOHEXte] =3F 200 st 7Io] &2 ZEEY

23} $=9lo tigt 7|9 Algl= INTEG (7]t A& #s}0)
Units: 1/Month

71 A Wsk= (9% FE WS-z} 9o oigt 7| A)
/71H A= 23 ARt
Units: 1/Month/Month

74 Qe digt Z1d 274 AlRt=1
Units: Month

A2 sl diat 7Y 24 A3
Units: Month

710 A 24 AlRE=
IF THEN ELSE(
olF AR Rsh=23t ool digt 7|t 4=,
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- =

Units: Month

AF 524 T A-=30
Units: Month

4

AT T4 AA A-=34
Units: Month

ol HH Wsl=STEP( 1, U4F 4 T4 A1%)
-STEP( 1, 4% 54 AA A1)
+STEP(1, €7} A5 82 HA AH)
-STEP(1, 97} &5 821 AA A1)
Units: 1/Month

A7t AR5 89 WA A=62
Units: Month

A7t &S 820 AA AFE=72
Units: Month

B TOHXF 2EHAML| 7HE-+2-85 X 2EY

T 7kE= INTEG (714 ®$},2000)
Units: won/kg
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7}4 W3l=1F THEN ELSE(

Time)=Y7t &5 80 T A4,

(=28 Fgol w2t A== A 7HE-=u) 74)
/7Y8 23 AlZH+Type I 718 5=,

(88t 3ol "t AA=Ee= A 7HE - o) 7HE)
/78 27 A7t

)

-STEP(Type Il 7t4 5=,
Type Il %3 7|t = A AA A]H)

Units: won/kg/Month

Type I %3} 7|t} =] A& AA A|H=46
Units: Month

Type I 7F4 A5%=400
Units: won/(kg*Month)

Type M %3} 7|tf =] A AA A|Hd=84
Units: Month

A 24 Az
Units: Month

7HAo digt 35 ©E4=0.5
Units: Dmnl

7HE dFE 7] A 5T M=z V& 3F%
*(1+STEP(EZF ®3F H9 &, U= 54 44 AF)
-STEP(Zg W3t £9 H|g,
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Type I 23 7|t 4] 4

gl AlA A

!

)

)
Units: kg/Month

Aol ek S8 gelg=-0.3
Units: Dmnl

d &4 olF 8 ©4g=-0.1
Units: Dmnl

rlot

s Wt 9 Hl&=-0.2

Units: Dmnl

of

S/ dere Wl A B W
(uf F42/2HE N1E A
Units: kg/Month

X
oflt

78 A52=0.086
Units: Dmnl

71 23=17000
Units: kg/Month

TR/EE 49 =TRY/TEY

Units: Dmnl

T2/EH ¢¥o] 7t vAE A=
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Units: Dmnl

28 %=IF THEN ELSE(
Time<=¥7} 45 821 T4 A4,
71E 8
=) 7HE /29 71 7HE) 7HE 0 itk =8 ©@ElA,
71E 8
“&H 7HE/2E 71 7)) 34 olF 8 '
)
Units: kg/Month

A 52 WA AR=30
Units: Month

A0
nn

A7t &5 8% I AH=62
Units: Month

ZAE 7|& ME=F%x 7| 712
+STEP(Fz 7|& 712*d9 713 AS5E,
Type I &3} 71tf %9 42 A4 A7)
+STEPEZ 71 71" (1+19 714 BsH)<3 714 5%,
Type I 3} 79f %9 42 A4 A7)
Units: won/kg

Fzx 71¥ 7H4=2000
Units: won/kg
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Az 7% FFF=17000
Units: kg/Month

'FQ /35 #3° FFE F= 7HE U=l
Units: Dmnl
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