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EXECUTIVE SUMMARY

1. Purpose and Background

1) Background

= With an increasingly diversified and complicated modern
society, disasters have become more extreme, more
commonplace and more complex. This has ultimately led to
forecasting becoming an almost impossible task. Therefore,
uncertainty as well as the ensuing social and economic loss
has grown rapidly.

- In particular, making predictions based on information from
past experiences has become almost impossible, which is
exponentially increasing the amount of uncertainty as well as

social and economic loss.

- The COVID-19 pandemic is a prime example of once in a century

extreme risk that the world must confront.

= The oceans and fisheries sector also possess a number of

social and economic risks as it struggles with natural disasters

Xix
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such as red tides, tsunamis and typhoons along with industrial
accidents and man-made disasters including ship accidents

and workplace accidents.

Risks that took place in South Korea include the Sewol ferry
disaster, Sea Prince and Hebei Oil Spill cases, and the bankruptcy
of Hanjin Shipping.

The Necessity of research on future strategies aiming to
prepare social countermeasures has been highlighted in
order to minimize the damage resulting from unpredictable

risks.

Representative cases include studies conducted by the OECD,
the WEF and Finland.

According to a survey targeting the general public and
experts, risks are occurring with increasing frequency and
intensity, while the level of risk management is assessed to

remain stagnant.

To be specific, those who responded that the frequency of risks
taking place has increased in the oceans and fisheries sector
within a recent decade reached 75.9%, while 74.9% responded
the intensity of risks have inclined. However, those who
responded that the level of risk management has increased

recorded a mere 44.5%.

Furthermore, those who responded that ‘the risk management

in the oceans and fisheries sector is important” stood at 93.8%.

There is a lack of research for systematically analyzing risk



EXECUTIVE SUMMARY

factors and coming up with countermeasures to enhance the

robustness of the oceans and fisheries sector.

- With an insufficient amount of preceding studies, most of them
are focusing on the development of policy measures for risks
that have already been put on the table, rather than discovering

future risks.

2) Purpose

= The purpose of this study is to identify probable future risks
in the oceans and fisheries sector and to develop a scientific
model for analyzing the socio-economic impacts of these
risks. This study ultimately intends to spread research on
future risks in the oceans and fisheries sector, laying a solid

ground for applying results in establishing relevant policies.

- Research methodologies were reviewed including those for

future risk identification and impact analysis

- After selecting representative risks from among identified risks,
social and economic impact was reviewed by taking the

probability and urgency of risks as well as its policy effectiveness.

XXi



{Summary Picture 1) This study’s purpose

Establishing a methodology for Establishing a methodology for analyzing
identifying future risks the impact of future risks

Identifying future risks Ana|y%g3%:2?ign|;]s{)80t of

Setting up a methodology for studying future risks
in the oceans and fisheries sector

1
2 Supporting the establishment of maritime and
fisheries policy considering future risks

Source: Prepared by the author

2. Methodology and Features

1) Methodology

XXii

(Establishment of a methodology) A variety of literature was
reviewed including reports and academic journals. Considering
features and conditions of research in the field of the oceans
and fisheries, this study includes consultations with experts
as well as brainstorming with researchers for the purpose of

establishing an effective methodology.

(Risk identification) A big data analysis was conducted
utilizing topic modeling in an effort to review an extensive
amount of literature, academic journals, and news. After

conducting consultations with experts and brainstorming
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with researchers as well as a survey targeting the general

public (2,000 people) and experts, this study extracted a final

list of future risks and the priority in each sector.

= (Impact analysis) After delving into analysis methods

conducted in preceding studies, this study utilizes a number

of consultations with experts on analysis methodologies

befitting to analyzing the impact of specific risks. In addition,

this study further elaborates on the analysis methodology by

conducting lectures with experts, joint research,

consultations with experts.

and

{Summary Picture 2) Detailed contents and methodology

Table of contents

Detailed contents

Chap. 1
Introduction

— Background and purpose

— Contents and methods

— Differentiation from
preceding studies

Chap. 2
Review of research
methodologies for future risks

— A methodology for
identifying future risks

— A methodology for
analyzing the impact

— Deduction of research
methodologies

Chap. 3
Identification of future risks in
the oceans and fisheries
sector

— Identification of
preliminary risks

— Deduction of final risks

— Deduction of the priority

Chap. 4
Impact analysis of future risks
by the oceans and fisheries
sector

— Selection of target risks
for analysis

— Drawing of a map of
risk impacts

— Result of impact analysis

— Deduction of policy
alternatives

Chap. 5
Conclusion and policy
suggestions

— Summary of results and
conclusion
— Policy suggestions

Source: Prepared by the author

— Review of domestic and
foreign literature

— Review of domestic and
foreign literature

— Consultations with experts

— Brainstorming with
researchers

[
— Review of domestic and
foreign literature
— Big data analysis
— Consultations with experts
— Brainstorming with researchers
— Survey of experts and
the general public

— Review of domestic and
foreign literature

— Consultations with experts

— Development of an analysis
maodel (lecture by experts)

— Quantitative analysis
(quantitative model by sector)

[ ]

— Workshop with policy
consumers
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2) Features

= Primarily targeting the whole sectors of the oceans and
fisheries, this study not only includes potential internal risks
but also contains risks taking place in other areas but having
a potential impact on the oceans and fisheries sector.
Following this, the priority of risks was extracted based on

the possibility of occurrence, its impact and controllability.

= Together with traditional methods such as literature review,
consultation with experts, and brainstorming with researchers,
major methods undergone for this study include big data
analysis utilizing topic modeling for deriving preliminary
risks. After conducting a survey of the general public as well

as experts, this study was able to extract a list of final risks.

= The impact of these risks were evaluated with a scenario-
based quantitative analysis such as System Dynamics, text

mining, and Data Envelopment Analysis (DEA).

{(Summary Table 1) Features of this study
Category Preceding studies This study

* Encompassing the whole
sectors of the oceans and
fisheries

* Including areas other than
the oceans and fisheries

¢ Focusing on specific issues in
Scope of the specific sectors including
study maritime, fishery, shipping and
port sectors

* The majority of preceding studies | * Applying methodologies
Methods of risk | being carried out by selecting of preceding studies
identification risks in advance and conducting | * Survey being expanded to
the analysis without the process | the general public other

XXiv
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Category Preceding studies This study
of risk identification.

* Applying methods including than experts
literature review, consultations | ® Conducting big data
with experts, survey, workshops | analysis
and modeling

* Centering on qualitative analysis | » Conducting quantitative
Methods of | © Partially conducting quantitative | analysis such as System

impact analysis | analysis such as System Dynamics, Data
Dynamics, input-output analysis =~ Envelopment Analysis
and spatial data analysis (DEA) and test mining

Source: Prepared by the author

3. Results

1) Summary
(1) Identification of future risks

A. Process and methods of identifying future risks

= The first list of preliminary risks was extracted based on big
data analysis utilizing topic modeling — The adequacy of
keywords was reviewed based on consultations with experts
as well as brainstorming with researchers. — These processes
result in extracting the second list of 30 preliminary risks
were derived in four major sectors in the oceans and
fisheries. — A survey targeting experts and the general public

produced the priority of final risks.
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{(Summary Picture 3) Process of identifying future risks
in the oceans and fisheries sector

T » R S

‘ Oc%e}ga"-ﬁgg |CEJ,¥ the)lrjr;]agylonal ‘ Integration of similar words | Keyword by sector |
/ Elimination of redundancy
‘ Analysis of SNS at home and abroad ‘ Review of appropriateness | Keyword by subject |
Removal =
Keyword classification

Analysis of research papers ‘

‘ (SCOPUS, academic journals) Review of appropriateness

‘ Analysis of preceding studies

Supply of relevant data and list of journals

» @ Extracting preliminary risks » @ B/S with researchers ‘ @ Consultation with experts

\ Keyword by sector ‘ | Review of appropriateness ’ ‘ Mesetings by general + by sector ‘

’ Keyword by subject ‘ | Editing ’ Review of appropriateness/
omission / editing

Review of appropriateness

» 0 Clustering Keywords » Conducting a survey ’ @ Extracting final risks

. Experts 100)
’ Clustering by sector ‘ /General public (2000)

Top 10 risks in general
/ by sector

/Integrated analysis

Review of appropriateness

Deduction of final risks

‘ Clustering by subject ‘ ’ Comparative analysis ‘ ‘ Extraction of the overall priority ‘
| |
|

Extraction of the priorty by sector \

Source: Prepared by the author

B. Results of future risk identification

Potential future risks in the maritime sector include risks
related to deteriorating marine environment and ocean-originated
natural disasters. In the fisheries sector, the issue of
contaminating marine products resulting from wastewater of

nuclear power plants topped the list.

Potential risks in the shipping and logistics sector include the
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risk of paralysis resulting from global competition
surrounding global logistics and supply chains and natural
disasters as well as environmental pollution. The ports sector
is expected to witness potential risks such as global
competition, natural disasters and environmental pollution as
negative impacts of smartization such as declining the
number of jobs and cybersecurity were among upper rank

in the list.

{Summary Table 2) Results of identifying Top 10 future risks by sectors

Rank Maritime Sector Fishery

1

Radioactive pollution of fishery

Acceleration of global warming
products from nuclear waste water

Change of distribution in microscopic

2 Generation of super typhoons organisms resulting from sea level
rise
3 Increase of ocean plastic waste Negahve Impact on the fishery
industry due to climate change
4 Increase of transboundary marine Decrease of aquatic organism
waste species
5 | Increase of marine and coastal waste Sharp decline in the produc’uon of
coastal fishing
6 Occurrence of large undersea Mass death of farmed fish
earthquakes
v Deterioration of water pollution at Damage of fish habitats
short seas
8 Coastal urban flooding due to sea Damage of the fishery industry
level rise following oil spill accidents
9 Environmental change of the Decline of endemic species in inland
northern sea route waters
10 Increase of underwater deposit | Decrease of fishery resources due to
pollution illegal fishing
Rank Shipping and Logistics Ports

1

China’s prior occupation of global | Intensive competition with Chinese

xxvii



logistics infrastructures ports

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

Insufficient capacity to respond
against climate change

3 Damage to logistical infrastructures | Increase of environmental pollution at
resulting from natural disasters ports

Decline in employment due to

4 | Increase of ship—emitting pollutants smartization

Paralysis of inland logistical
5 networks resulting from natural | Port closure due to natural disasters
disasters

6 Outbreak of infectious disease on | Advent of Blockchain-based large
ships logistics platforms

Outbreak of infectious diseases

7 | Sharp decline of ocean freight rates
among port workers

8 Increase of ballast water-led Increase of port costs and declining
pollution economic viability
9 Increase of ship biofouling Heightened financial difficulty of port

operators

10 Heightened financial difficulty of

shipping & logistics companies Vulnerability of port cybersecurity

Source: Prepared by the author

= While considering whole sectors including maritime, fishery,
shipping and logistics and ports, the top 10 risks are listed
as follows, taking the possibility of occurrence, impact and

controllability into consideration.

- The acceleration of global warming topped the list in the
maritime sector as the risk is considered the most likely to

happen, most uncontrollable and poses the highest impact.

- As for the ‘increase of marine plastic waste’, the possibility of
occurrence and its resulting impact was higher than that of the

‘generation of super typhoons’, but sat on the 3rd spot due to
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its low uncontrollability.

- The occurrence of a large undersea earthquake is listed No. 1

as the most uncontrollable risk.

{Summary Table 3) Top 10 future risks in the oceans and fisheries sector

Possibility
Rank Future risk of Impact  Uncontrollability

occurrence

1 Acceleration of global warming 8.70 8.80

2 Generation of super typhoons 8.43

3 Increase of ocean plastic waste 8.63 8.49 4.66

4 Increase of transboundary marine 838

waste

Radioactive pollution of fishery
products from nuclear waste water

Change of distribution in
6 microscopic organisms resulting
from sea level rise

Increase of marine and coastal

waste
8 Negative impact on the fishery
industry due to climate change
9 Occurrence of large undersea
earthquakes
10 Deterioration of water pollution at

short seas

Footnote: The darker the color, the higher the rank
Source: Prepared by the author

(2) Impact analysis of future risks

A. Selection of analysis targets and analysis methods

= Preliminarily considering the result of a survey of experts

and the general public, this study finally selected the analysis
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targets after going through brainstorming of researchers and
consultation with experts on the necessity as well as
possibility of analysis.

The maritime sector selected ‘forecasting the damage of the
marine environment and the ecosystem following a large maritime
accident’

The fisheries sector selected ‘predicting the stock of fishery
products after the discharge of radioactive waste water’ as an
analysis target.

As for the shipping and logistics sector, ‘factors affecting the
container freight rates and its predictability’ was selected for
the analysis.

The ports sector selected ‘assessing the effectiveness of port

operation following a risk at port security’ as the target.

This study adopted an analysis method suitable for quantitatively

analyzing the impact of risks selected beforehand.

The maritime and fisheries sector equally applied System
Dynamics (SD).

The shipping and logistics sector utilized a text mining
methodology, while the ports sector selected Bootstrap-DEA

(Data Envelopment Analysis) as well as Tobit Regression models.
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{(Summary Table 4) Subjects and methods of
analyzing the impact of future risks by sector

Sector Analysis subjects Analysis methods

Forecasting the damage of the marine
Maritime | environment and the ecosystem following a | System Dynamics (SD)
large maritime accident

Predicting the stock of fishery products after

Fishery the discharge of radioactive waste water System Dynamics (SD)
Shipping Factors affecting the container freight rates -

and . . - Test mining approach
loqisti and its predictability
ogistics

Ports Assessing the effectiveness of port Bootstrap DEA model+

operation following a risk at port security Tobit Regression model

Source: Prepared by the author

B. Analysis results

= (Maritime sector) Based on historical data and scenarios, this
study forecasted the frequency of maritime accidents,
pollution of tidal flats, and the impact of fishery resources

at mudflats while predicting the impact by policy.

- Due to an increasingly growing budget allocated for accident
prevention as well as continued guidance and monitoring of
maritime facilities (by marine police under jurisdiction), the
frequency of maritime accidents is expected to decline after
2021, and the frequency of the pollution of tidal flats showed

a similar pattern.

- Fishery resources at mudflats showed a continuously increasing
trend while displaying a sharp growth around the time when

maritime accidents began to decline.
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{(Summary Table 5) Forecasting the damage on the marine environment and
the ecosystem following a large maritime accident

Category Impacts

It is expected to decline after 2021, due to an increasingly
Frequency of growing budget allocated for accident prevention as well as
maritime accidents | continued guidance and monitoring of maritime facilities (by
marine police under jurisdiction)

Pollution of tidal | It shows a similar pattern to the frequency of maritime
flats accidents

Fishery resources showed a continuously increasing trend

Fishery resources while displaying a sharp growth around the time when maritime

at mudflats accidents began to decline
Category Policy implications
Marine spill As marine spill accidents increase, the pollution of intertidal

accident and mudflats also increases. If the budget for disaster prevention
budget for disaster | grows, however, the pollution levels started to decline and
prevention stabilize after a temporary surge.

When the effort for environmental preservation for boosting
the resilience (time for recovery) of the ecosystem of mudflats
combines with the effort for appropriate disaster prevention,
the health of megabenthos (the number of species and
diversity) is expected to grow fast.

Budget for disaster
prevention and
time for ecosystem
recovery

Source: Prepared by the author

= (Fishery sector) This study forecasted the inventory of fishery
products under the assumption that the accident of
discharging radioactive waste water takes place at the point
of ‘0" and the duration for reproducing the negative public
opinion as 2 months.

- At the point of 0, when an accident takes place, the inventory
of fishery products sharply increases due to declining

consumption and increasing storage. Around 2 months after the

accident, however, the inventory starts to decline thanks due
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to the recovery of consumption decline as well as the sales

volume surpassing the storage.

- A balanced recovery is available when the government purchases
as much as it can in a short period of time to absorb the shock
from the declining consumption and increasing storage. When
the purchase policy coincides with the consumption policy, the
amount of government purchase can decline by 60% than only

when the purchase policy is implemented.

- In the case of mackerel, the policy is much more effective when
the government adds the policy of a closed fishing season
compare to only when the consumption and purchase policies
are implemented. One month is enough in terms of duration

for the closed fishing season.

{(Summary Table 6) Predicting the stock of fishery products
after discharge of radioactive waste water

Category Mackerel Pollack

Impacts At the point of 0, when an accident = At the point of 0, when an
takes place, the inventory of fishery ' accident takes place, the
products sharply increases due to | inventory of fishery products

declining consumption and sharply increases due to
increasing storage. declining consumption and
Around 2 months after the increasing storage.

accident, however, the inventory The inventory starts to decline
starts to decline thanks due to the | around the second month after
recovery of consumption decline as | the accident due to decreasing
well as the sales volume surpassing | the amount of warehousing

the storage. storage, and reaches the lowest
point at the 4th month after the
accident.
Implications | A balanced recovery is available A balanced recovery is

when the government purchases as | available when the government
much as it can in a short period of | purchases as much as itcanina
time by absorbing the shock from | short period of time by
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egory Mackerel Pollack
the declining consumption and absorbing the shock from the
increasing storage. declining consumption and
When the purchase policy increasing storage.
coincides with the consumption When the purchase policy

policy, the amount of government | coincides with the consumption
purchase can decline by 60% than | policy, the amount of
only when the purchase policy is government purchase can

implemented. decline by 60% than only when
It is much more effective when the ' the purchase policy is
government adds the policy of a implemented.

closed fishing season compare to | It is necessary to implement
only when the consumption and the consumption as well as the
purchase policies are implemented.  purchase policy

One month is enough in terms of | simultaneously.

duration for the closed fishing

season.

e: Prepared by the author

(Shipping and logistics sector) After collecting new articles
related to containerships, this study conducted network text
analysis by classifying them into 6 periods after considering
points of inflection for increasing the container freight rates
from January of 2020 to July of 2021.

Starting from the first half of 2020, the impact of COVID-19

has increased the uncertainty of global supply.

Centering on the United States, revenge spending began from
the second half of 2020 which sharply increased the demand
for container traffic volume. As it coincided with the shortage

of containers, ocean freight rates have skyrocketed.

In March 2021, ocean traffic rates recorded all-time highs due
to a shortage of container boxes, congestions at port terminals

and a deteriorating work environment for port workers, coupled



EXECUTIVE SUMMARY

with the blockage of the Suez Canal after the grounding of the

Ever Given.

Classification

2020.
Jan ~ Jun

2020.
Jul ~ Sep

2020.
Oct ~ Dec

2021.
Jan ~ Feb

{Summary Table 7) Forecasting causes of changes

in containership freight rates

Major keyword

* China, Coronavirus
Pandemic, US, Trade,
Effect, Supply Chain,
Capacity, Demand,
Europe, Terminal,
Government, Cma Cgm,
Dp World, Operations

* Terminal, Supply Chain,

Trade, Us, Singapore, UK,
Beirut, China, Hong Kong,

Capacity, Cost,
Coronavirus Pandemic,
Maersk, Demand

* Asia, UK, Us, Capacity,
China, Cost, Trade,
Demand, High,

Equipment, Supply Chain,

Terminal, Congestion

* Us, Los Angeles, Trade,
West Coast, Coronavirus
Pandemic, China,
Terminal, Production,
Maersk, Crew, Fuel,
Demand, Singapore

Issues

* Intensifying trade conflict between
China and the US under the
COVID-19 pandemic

* Increasing uncertainty of global
supply chain

¢ Changing operational methods of
major shipping companies and ports

* Logistics issues of major ports

* Declining China’s export and
decreasing transshipment of Hong
Kong terminals

* Earnings announcement of major
shipping companies

* Difficulties of retrieving containers
compared to the traffic volume
bound to the US and Europe from
Asia

¢ Surging ocean freight rates due to
heightened congestion and
increasing consumption

¢ All-time high level of disruptions in
shipping supply chain due to the
shortage of empty containers

* Deteriorating demurrage at LA and
Long Beach ports

* Raising the possibility of recovery
following the retrieval of a certain
amount of containers

* Delaying logistics due to the
infection of coronavirus as well as
self-quarantine of port works and
sea crews
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Classification Major keyword

* Coronavirus Pandemic,
Demand, China

Issues
* Maersk hitting the record high Q4
earnings

* Causing a backlog of ships in the
Suez Canal due to the Ever Given
running aground

2021. , _ . . _
Mar ~ Apr | Capacity, Supply Chain, Exacerbating congestion as ships
Us, Order, Ever Given, flocked to ports
Seafarer, Owner, Crew | * The shortage of empty containers
and containerships
* Raising the possibility of supply
chain disruption with the increasing
* Coronavirus Pandemic, trend of freight rates going on
2027, g?sﬁilgtif):algyrc?eimgt?icrj{a * High ocean freight rates due to the
May ~ Jul US, Yantian, Capacity. partial closure of China's Yantian port

* Prolonging impact resulting from the
closure of the Suez Canal

* Increasing reports of port workers
infected with COVID-19

Ever Given, Suez Canal,
Crew, Seafarer

Source: Prepared by the author

= (Port sector) This study estimated the impact on the efficiency

of port operation when each risk to port security takes place.

- According to the result of data envelopment analysis (DEA) on
26 Korean ports, the efficiency of 9 ports recorded 1,
positioning high ranks than other ports. These 9 ports include
Gohyeon Port, Gwangyang port, Deasan Port, Busan Port,

Sokcho Port, Okpo Port, Wando Port, Ulsan Port, and Jeju Port.

- Utilizing Tobit regression analysis, the study utilizes an analysis
of the impact on ports when each port security risk takes place,

and the results are as follows:
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{(Summary Table 8) Impact on port efficiency
following the occurrence of a port security risk

Category Detailed item Positive impact Negative impact

Ships being attacked while ' Loss of life, Public

at berth safety Symbolic impact

Influence : :
Loss of life, Economic loss,

Outbreak of riots Environmental impact | Symbolic impact

Harbor facilities Availability
Outer port facilities Availability
Loading andlc.ilschargmg Availability
facilities
Relevant facilities Easy accessibility

Vuinerabiity  Pollution prevention Easy accessibility
facilities
Distribution facilities at

hinterlands Easy accessibility Availability

Facilities designated by the
decrees of the MOF

Vessel traffic control room = Easy accessibility

Easy accessibility Availability

Footnote: Includes in this table only when p<0.05
Source: Prepared by the author

4. Policy suggestions

= (Identification of future risks and advancement of analysis
methodologies) It is necessary to establish a risk identification
methodology applicable and effective in the oceans and
fisheries sector and find risks on a regular basis. Following
this, impact analysis methodologies were established by type

of risk and then build relevant data into a database.

= (Promoting the awareness of future risks and analyzing
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changing patterns) The importance of studying future risks
should be continuously promoted, while considering potential
risks in establishing governmental policies. In addition, it is
important to change the perception of risks as well as to

monitor the priority of risks.

= (Building domestic and international networks relevant to
future risks) Research methodologies on future risks should
be advanced by holding an academic conference or joint
study among future risk-related research institutes. Relevant
organizations should promote exchange by sharing information
relevant to risks while enhancing the communication between

operators of early warning systems.

= (Setting up an early warning system regarding future risks)
It is necessary to develop an early warning system after
setting up the priority of risks, and then gradually expanding

and integrating the system into relevant fields.
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A2 WHO COVID-19 Dashboard(ZAA: 2021. 10. 18)
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traffic patterns and ship
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Oz 2jA3 A+ YEE 4E

H1E o2 2A3 T= YHE BE

1. Oj2 2|239] 4

1) Dl2HH=e 7HY H £4

(1) ‘DA | JHS

L Foll A= TForesight’, ‘Forecasting’, ‘Future Research’, ‘Futures
Studies’, ‘Futurology’ & "IHE B oh= &olE0] B2 TS &1
Ut I o]F N2 AR Qu|7} HEe] R E7 | Eit= EEEH]
S&Eo] AR = A7 titkeo|th o] ¥ ‘Foresight' <= v|#] tigt
o&of A2 F7) £HtEl= Ho) JLAAQl EFALE 2= Jjgog,

B4 BN A% BgH}. E3), Foresightol= A7AH0]1 Zojx9l
o8 jejo] et FRE - BAlste] F47] AL A B

u
So] Z3HHrES)

8) Miles. and Keenan (2003), p. 13.

23



0|47 A4 AT oulshs Foresight = 19904) o] 4
5, 2A717, 719 59 AAA crae Ads) et gaEes
4e) B850} ek, Foresight] 48 FHHol= B 744 o) 24} &
Shelo] Slt. 3, A71Hel Al - A4 714 W Uz gt 7
shel AW, B4, ol olsiARt 7ke] ABAE 9 o, A, Az
Al VESIR B, IR, AEES WENT IHIH BT 5 9l
H1A 94 Solch. wrebd ek meelTe] Je JAFYAEA 4
Bo] 3} 240 7ol ek, Hold Q4T B Aze YEYL
£ HEsHe Aol ofd olg2 TEstE 4] Z Aol mlgjelT

AR Holge 4 Qle $8% EeolHa & 4 A9

v e AFEAY ALOIA A5 (predictstAL S
(prophecy)sA| gk=tt. @3]3 27} Aok VS F=s] A% =
T4 Ve I 1 £ 99 oAz AEA v, 9
“}h Yo olFoHz ¢ 3 s/de AT webA vl

© I 9 @AY FhI ARE VIR AR YY) BT Ejb
(mSIght)r:: &ste, Hoks mHE we %1% AL ddE AA
Aoz dradle Y]l ZoH.10) o] Ay wIHAFA ] JAHEHS HE
+ Hl dxokes viEidte] 7= dAieh Zol 52 Helske Al
Fed Aol EEA o & 9uE 7.

>
i)
g
o

il
rlr

kA w|g A (Foresigh) 2] E&S & o AWEH o33 2}, AA,
AP FH(action oriented) oltt. T<=oHA mlo] sl EASHAL v
ALS] mgoll sl 97 AAlsk= Zi% HolA, AS] g o] viEE]
gk HjEALR]E T 7k As AAIF SR st Aol 4 HZolrh
webs] viAgE vgE vET] At FAIER] FE Age] =Eo] §lo]

0]

9) £Z=(2009), pp. 14~15.
10) B1H24(2012), p. 11.
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=5 7Rset vlfi(possible future)oll thet 2424 AE Y3t 1]
A future study)= Z2 L84S F 25 st Wk
A-HForesight)} +HETHI & 4= QIth1D

2
A
B

A, TFAA(multidisciplinary) olt}. A=F4 nlEiate] ZEA|A
£ E7F Hsty Qs FAY njge] =S dappF oz SlstAL
SoHA FASHA] et BHE BE HeEE 2

HeeS SAFCE 13T o
A9 AAE F o AHFHCE olsfd 4= Qlokal W=t} o] ol mlA
T9] HANA ALSE EXAA-S A ABl(complex adaptive system)2.2
dsl= olfol7|% strh12) &, ke HIs dol EA AbrdAa
AIAE AR B o' 5] {8l vt Ald Alzks AAIShs Aol

A, ZoA(participatory) o[t o|n] AgG?t AAH M=k w|HA
T= AAGE FATIER A0 HE7F 500 QsiATt 3 E= Ao]
oflsgl, tR1 = FAY ol Bl U= oFEt ols TAR
(actors)?] g FEgITh13) E3E &3 H|H 9] a2 2= ASlY
ohFet HAEENA -8 ofoF 517 wiEol A=4R1 3Rt mEHo]
1S AAA =t

ri; rl

T gEe) A3 wAYE e 71HE A * -
2IASS AR} AR SAtae 14 BER

3} 9 9l] choh 383] olfstiL Qlofof s, ofEA AW 5 Ut
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vl Aol AT Rl 9w o) A2 e ATl AiA
AolE ERlnt. dRHARQl A2 BA - 2ot Ae] 5 574 sk WollA]
=25 Fd4 dlolgof 7|¥tste] dAle] ERErt A1&E AS 7P
=, A AT FHiE HolH, Algdeld 7Rt A d52 E3l
A AYE EEcle b 232 0 WY, v dTY] A 554
£ElE sk ols BARRE (e AEAEe ol o Eok= FAIsH
AL S| ofgrhe A2 AT TRVAI= vlFe] H} Ha
ESE Ao J3u7] offthe AMde AAISIAL trebA 7 B2 S
94 i AGI FAEES BAUR. wekA el dis
= F=2 59 Mﬂli FE= FAE. sk Tl 2 ol
ZAE 7L FREHE fElURte] Bl disAke ARIAEAE ol
ek 24, ddle 151 28 5 FATH AL e FAEAL 9L

SHARE 53] FZole 7€ 53 2% 8, AR AT =29
4749 7ot 22 B4 HigkE aFste] miHdT HHES AE Ve
dEoz HAw ot

b

vgedTe] AT WIS 24e byl YAATS} T Aol S
It vlgfste] AR A HlolE(im Datone v]2elTr} dj2ste
obd TH(invent)h= AYS =3I vl (future)= sHH7F oFdzt
Aeke 2 2 v ek 19 ofojtioje} ulgio] 2] chE L, of
48] et 23} o] bR A ol e} T 219 49
Qick. uhebA] Hlefstolale Se future study 7} ok B4:91 futures
studies 7} it} o)A BIAXS 7|EH 07 AAH= n]ddFs A=
A 7hs et et vEiAE Hojgs AolA Aol g, W] I

14) 22791 AlFA(2012. 7. 24)
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o2 2143 o7 w2 2E 02

ZWA 2L 4 == AlA(time horizon)E ZA A4sHA Heh Hojk
10¥, 159 o] $787] vlgiE efsl= Aolw, M= -Hdy nlhd
7} of7]o] sttt T3 ohekA| 7F HZ Bl *V\E“ ZARES] AAA
Heko] 55F HclER SEY AT sl & AT

Hho] GukAQl HAATe ©r]Hol 1 Algkd MYE AAste] EA%
23 EHE APAY(action plan) £ FAHQ] FAHRES =&
ke AS ZRZ il & 4= 9tk 7129 o] T2 AIHEC| &3t Im
2 29| F8 AAYAEL H|HH AT JHHEol M E AUA|A

ﬂl

AR A 7Hishe 4% Bl 284 Y] $EE EdE
&g AAATY A E AFdke A ol FANS aohs A

=]

[T 7H Belo] pEA XS ok SRE 24

(2 2-1) O|HSITLO| XPEX ST Ao
=42l &3
(Approach, ‘Persuect\ve)

ojajg 7ol

AEH EY

T=F/|IEx

-
’
¥

7| =7 =7 AlAI(time horizon)
(s49-) (s"d-104)(15H0]4h

2oke] x|
(Action Plan)

A= @554(2021. 3. 30), p. 7

27



ol AT7E 7 AR R WAk ol Al Fsfskal A= Hi
o] g5l vl 5= ot 1 A9l g
ghohd, <d off AR 7871 A ol
AAE ARQteE & £ Q= Aotk FAHCR Hk, AE 52 A &
sHio] Ho] HEA] R2E A2FHE 9
. pels vEdTE BHE 59 of 2
P4l S (weak signal)E FHAoHAL, Kol gAY g7 Aol

of Mz E8e 5= Aot

£9] A2 tZ o, Ed(trends, 35 &2 AP 244
ol & Q. EFZ vl ti$3 9 Bl o] 22 2y g4
oA EEH ARloR B7hE ok ¥ =
olfrt 2008 vl= Al 71 AEHA ZRE o= A A
mZo]7] & 510

n
N
=
3
o
2

R

(o]
ot

(3) DIEHGIES fet 712MQl Ul 74X| HEHS| AlLt2]L

vlgietAel A s mlEiel 22/l 4-8she o= vHHaES A
ezt FofRkse] RojA ARRlE WekA7le 3 (driving forces)&
oJsfiataL, ol5°] o¥A AHRlE ¥SZA] dSste o, Aol vk
v S Foke ddel S ekt v S AAH st
eloldistaLe] 4 glol== AlA ZA|9] AltEe] vEidlSse & o of® vl
Ou|AE ARGOREA] et BE JloH, 7t AIE v R (¥ 2-2)9

=

15) B9 31252013), p. 27.
16) 919 &, p. 27.



Oj2 2|43 o7 w2 4 02

2ol HF Yl 719] ow|A &2 Y=3IAHE ] 7412 ulef oju] A= Al A%
(Continued Growth), 5-3(Collapse), Al T+ &2 A}3|(Disciplined
Society), 18]l W] At3](Transformative Society)o]tt. T|igkx;
o|ufoFE2KSohail Inayatullah) FA] o] Y] 7}4] o|u|R]& FARZ O & HHE
He fgos Ayt vh qlrt17)

(O 2-2) FMN MY EO: Ul 7EX] D|2HAILIZ] 2] ZK|

S 83/ 40 K% Z=ie Mg/ =M 2

7t o

o] meel Al 9 ASIZ AR O A ATk AR ALY
Aol WE AR Bt A% Y v Atk
Ads 7o) vlehe skl olze] ol Asle] Bgd G Ul
t 9@ AT 7Pgelol Stk ol Sol A2 v

17) Inayatullah(2009), pp. 81-92.
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o] =t Aol FA), AA|, ABlE WSl SHoE At
=29} SAE Zolof gt AZo] £glo

olt}. =19 209 H mlHE AISTHA
7Hgst71e, o] ulgfolld E w2 ALl B
oA o] nFE ATs|E FARt A 06}71§ 214] ok} 18)

2o Bl A7) 22 B4 gl g ol s o

| @ato] BII= uigast vl S 22 B Sk o FR% AL

At A LEo ol AAE HUSHE AT, ol 91 At
WH7712 gek Aolth. B3lo] vEE of&steid of2o] Aol uje

9] ol Aol 19| 750l ofsto] AekdA] AEE QA EAE A
AgjoF e} 19

-

o] njg= 2 A7t B A Aol SRR AANH AT HAA

g ok 7HgR o] W|FE At AR AHSAHY
o 7Fs(sustainable)s}#] gt} AYZHgkE ‘:} A L] A
EE Tkl ARR]A FAA RS Hi#SHA] &skal QlojATh

Apdo] T EIL ARSI ARlE Z50] AXTH ARRle A&
Ut oA A ARdol wrodH A= W4]e] Hdo] Z 3, HiE
3 29 AL A% 7Fett FEFAE AR Fofst= Aojth.20

o
flo
ol
o

I
7

1>
)

me +» 4o oZ P
i)
N
>
l"l[“

18) B4 ¥(2012), p. 6.
19) U9 2hadt, A2l M, p. 32.
20) ¥ &, p. 33.
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Oj2f 2]A3 o w2 HE 02

ct. Het
o] mle ] AEt TAY BAeks HE The maow uET
7 oh:]— 21) A= sn|29] Ho|Aul AEY 9t u|E o=35)7] &
Sok oz 439 ol SR ol ] A4 2] sheelct 2

42 S AL oL S SRS AR - SIck) BAS) B

Mol A ofete Heiciale] He Ao BEe AAsks bl
olu] A% WYl 4 Bl X|Ho] ZATH Hek. o)y Auia v 7}
A9 vt o Aekd njgelre] Wl Telsiol & Haw
ugAtel 0.0 o] Hrky & 4 gk

2) 3o 2|ATJ(X-event)?] JHE LU EM

(1) 2lA39 714

AN M= A5 A4t lqoﬁe = 891, I8 TAo] Wy
7Fs8 B RS Ak Rt & /\}*9-5—1—1 UoH, EHO R
As(risk), 971(crisis), /\]-_J_(acadent) Qdfi(hazard), At (disaster)
ol AUtk v AT} RITIAE o5 &of 3 FEet ool wet
=] ARBEA] gt o] FollA L7t P AFY A olE HA
T o ARESh Y2 ofme BRI A AHE W2 & = s
ARG A9 gE)o SHe T = MEeE, Ade] digt A5
(anticipation)2 QJu|gtth24) thA] Wal Q1L YejEa Just A
A7} of=t $-27F ol FA1 AdEiol W Ve S T3t A

ojch. 18|l ESAGT B0l FEBR g AltiolA YE

l

4 o

0| 227, 2019_7 P2ii= O OIS RoH=7},(4Y: 2021. 5. 15)
MO_I 9_|._9‘_O|. or0| XH . P. 32.

[ X p. 32.

7536._(2020) p. 31.
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ol fEGE EoHA|LL .

oldz o= riske WA FA =A5IHto dare) Z= 2JUIE Ad 271
ojgtZloto] ‘risicare’ olA FAEH=H, ol 2o 2 AR
R A 7 2h= qm|et o] Stk BAl FEASNA A9 Bk
2 Riths A2 dFE 2G4 S Hsfof sk dolgly] whie

ojt}.25) 2719 91 A= YutHow H%E/\h-A SE XA EA
ool B & s ]Eé}%ﬁ‘r. Aol A gt

V\E\ﬂ_i/ﬂ 04"41 /\Mﬂ sk e 24 —Frxﬂcﬂ TS AgsH
Aot 53] 197999 2utd 3 A WAs FE ARLet 19861

Az 94 Fuvt g 2vhY AnE AHEA AL ASlAA
23 B AT 9 ATE U WIS uA "rko

Ulrich Beck(1992)2 @t ASlE AR = 45k A7}
At F2E5 AAtshe 72t A3 A wiEsHA =022 A#st
At T Aol ARl et B AAE ZEACE Al Aol & E8
42 A7IstH 531, 71e4 et ohdzt ARlE fldel 42 A
7A1oF 9+ Z3Eet vt Qlch.27) 1990dtE AFsto] AT ArglstA
lt«lﬂﬂ AZEE QISR L 0|3t QAo B RE Skl 9FZ0]
u], 41E AAe] Sdieh g3l AL QIR Y A 52 AAR
%jiﬂﬂw JﬂVéBl dF =0 72 S43 =9k HYshe Aot %’46‘4
Atele gt 9 Bl S7F S AuishAl gheth 2%k B0l 7

A

25) Bernstein, Q1712 H9(2008). p. 19.
26) MK 9/(2014), pp. 4~5.
27) Beck(1992), pp.1-260.
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71€2(Anthony Giddens) T3 YgFolst &ol= ZHiet kAol H|=
A S NFoRE QIF7F AI71A] sk =

AR QIR HI|Eohs 15 A9 &5} A7) Qs dojxl AoR
olsfish= 72t vt Nd S At vh lr}.29)

A B2 S40=2 2 o, A B (risk management)2] J9L A
Holgk= 97] Aol HhE FAlo g ARt BhAY o]x o] #e|e) 059
|2 LEET30 EAFA fdo 249 97 494 theTt 2}
WA, A @S A (prevention)stal, $17] Aol tigh BAI H
H](preparationAAIE =51, Ad WA Al tiH|skal Ql= AluE] Q0]
gr5eo] AEsHA 7153 t-8(response)& E5to] Aldo] ZHsh= Hsf
£ Fasholal, 4 & HofE E-Hrecovery)sh= BE S 2T
Sk Aotk o[ XY 99 e, 7|, Ad B ZEAIAE Y]
712, 1717t A2 WHsts dAo e 23] &9 a3 I
HlwstH (9 2-3)3 ZAt}.32)

gl

)

28) MXIE 2|, ¢l & p. 4,

29) EME{(2007), p. 20.

30) HX|IH-Z24(2009), p. 31.

31) A2 2/(2011), pp. 58~59.

32) ZB53(2020), p. 27. Molg: HX|H- 2424(2009), p. 32.
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A I90A & 4 A=l A9 d2 7FsA9 ulE 7L e
o| 24} "HoHIRE) A AH' = oFF] {7|= AAstE AE7F oty ] wiEel
Z2)9] &5 52 BAA AE7E FAEE, oln £4]9] &5 9
Hoke 9 &5 (prevention)s FFL 4 Utk LU ol A
3GE Fo] od 9l 2%U(hazards)¥t s 20| 7HA|AL Q= FHM
(vulnerability)oﬂ ”4'3} A7 (crisis) 2 XsFobA =, ojuje] 7= &
o] ﬂ"e] AAH &9 o= o7t 7hssitt. o] AJHollA

ot J Z A =1, 9 o] 9719 S £718A S5
}-7519] &5 o S FE2 o AN 18R] Rt 249

l

| L LY

5 SEe FAM AstEn A% Aoz APt

33) MX|(2009), p. 64.
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Oj2f 2]A3 o w2 HE 02

o|& Qtofl= FH2 &3} A LEo| c]— o o}U:] F—é}o}ﬂ] 11-501-1;]. T
'c'):l' oﬂ]’—]X]/\]/\Eﬂ ﬂ%/\]./_\.E‘ﬂ, ;S]E%/‘\l/\]_/_\_li‘ﬂ:ﬂ]— ET_‘ 7']‘_417]EA]./3-E£%
Uido] 2Hsks 7|4 Q18] B 7195 AZE YEYD A2 Astst

flr

L FoIth30 YEYZ ASolAE ol 7 TolA WG Mt A
WEATE S Aol whe ek Tt 9o) 2wt W
B A7), WS &SI B oA T Q7] HEe] WajE Ha
sai tieke wAjs}A .

(2) ST DA JHE & LA 23t RO

AT =di= 22 S0 WA 7ol A9 |itkar
A RO AdES SEskL Qo of7]of Y 7eAde
W 1S vA e 98 AR AFE50] UEhal it AR st
ofuzt Bt AlSle] EJ/do] Ajtslo] dHtA o= At o Qe
£ Hoido] HaEe AdEs WIS BXskal Qli= Aolth30 53] 2
EU19, 38971, FFAU 94 AL 5 22 S84 ARIES 71E9
A} HlolE 2+ 343 I RTE 7S] e, ougt WekoA
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Az £ML 9(2019), p. 23
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oFe] AlutE] 22t shejete %gagg OW 7]7% ‘:‘H ol Al @A) A&
Aol st A1 e ]telA 9 Aue| el Aotk A& S0 1970
of Add FFANF 49 A, 2um|z Qe mIE %] A 1
Aol A TAYE Hejo] AW ATE 7L 37l 10me] WS
Bl 1 FARAE FA Ay s aEet dAEAL T ¢ Qo
24 2011 39 L& FAMS HHRL 955 Aol AL, 14mAE]
sdo] SolgHS e Srder 3T Sl /IdH39)
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& XoHIEZ} Zh= ngE9] 4719t ¥l RS S0 0l 5]
==t ol= /\}94“’}‘3} A-gEo] 27| HH*E‘O]‘:}- wEba] HEA on]
oflA oJH7IR]|7} XoHIERIAE Hgs} = W% ojEnh &
St XO[H E= ofwgh /\}749] ZFAQ1 Eaglo] & Byt of} A7HY -
A 0RE At grfiEo] & AIEE AESte] o= YEEoRE
28517 gt 40) A= Xo[HIES] A 7Hs S =ole AAA 553
Y5 (Enabling Driver), A& Aslol= &9 Q9l(trigger), 12]al A
A8 A, =98 = AEAAPT = ol FHaRt oV, &, ARl et

(social context)©o] A5 Z-835t0o] Xo|HEE A5}

o

39) BBCA F2|0K2021. 3. 11)
40) Casti and lImola(2012)(ZAAL: 2021. 8. b)
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(23 2-5) ST D[HALA(XO[HIE)2| M| 7HK| 719 24

Social + Enabling + Trigger

Context Driver

v
“X-event’

XhE: 88(2021. 3. 30), p. 22
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2ol AN BES B9 St AUl mlHE A £ 94 F
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2ol geig 4 9tk

(H 21

N
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02

TS Sofl A= SEX D[2HARI(XO[HIE) of 2|0]

o
=
U

XO[HIE (extreme events) = ARO[t 217H0] QJsh KL=, Ll 7t5d2 Of
AU AYH e s Ald ARIS 2[0St oA 0=

—_

Tt PO MEKS|= 0L Ol AlZIS] 2A 7K 2 T2 ETte) 37|
OF 1917} AFS| B0 T2 ZHQE7| HEQIE|, 0= A3|0fC LS 2D 2o
xto[0j| 7|QI3tCY,

- 2|7 LAt 32 X110 QOJ0[3HXOMIES| R Al 2L FZLHO, E3AI0}
AT AP, 2EAIATIO| 21/0} SR, HAAE 52 4 ULk XOMIELS ooyt
THAT 2 Q18 AAIS RAHSH= HA FIME0HOIL|2H SHN HIHE Fe ARITIX
= 25 TEBICE XOMIES S2K02 S AZ19] §010] 57| 510, AJZHY-
TIEOR ARHOZ BHE|0] B4 ARISS YOT|= USHOR XB3h|T
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XOIMIES| 715 2 SRS 371 (rarity) Ok T2th] B3t 0150] 27
05 S0 22 X (black swan) = AIRIS0| UIHOR 03+ U=
20l ETHRICE A2 01124 L2 WOl FREAIS B i Ao

It D243 AI0| L3 FZ7H GIU0 B 2 OfF| Of SN oS el
54 %% 4 22T W2t OF213t Ol ol 22457 forecasting i

[mn
—_

fMr > s oF ofr
rfr rlo 4o o
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o
ro rx

* XO[HIET} ot LI Tige a7t LERZ|7HR]9) 712k2 378X (benevolent)
XO[HIELF 2ZX XO|HEL0| et 2 X0|E E2IT= FHOIC. HAt 0=
SO ZR0H| Hiol &2y 717t0] E¥l AL}, KIS SO M- =7t 7|2 0fA SL0]

LEILEZ 7Rl = HOIM =2 1H0] AQ7F 4~ QUTHOH|: DHES2H). SHAIZH I}
ZQIXO[HIE = AALYOM TEE 07 F LEH = 712H0] Z) RITHOY: = A

1, ML) §)

Az EH((2012)S HI6H0] KA} &

(3) ST DIfALO| CHEE Z=HIS 712%U= EHHE

XolHES] 553}, s} FAE 7IEste 8RlE=2s ol A
ok AR} Extd, TAB) 7el H 52 & & Atk AlAE A
HEQASIE S AT 114Ugt AAE 22 et E3F o= jHo: 7
Jol =2 25 XoHE: gt A4 ‘:}T: ARBlE Hi- HE KR
Tﬂ;@] o] ShilEe A Hth wEbA ofd A7 AR S

2] et 22} A i7] E3Ksecondary market mediated effects)
= & Ao R gk WA HAloh 1™ fEe 9 ofAds] Xol
HES S85l= AlFo] ofd ohF=lo] AL LAfoF HIZ24 7iEA] He
A7 IRL thgt 22 ofF 7HA] &3t s3eo] dEd w1
i

41) Casti and llmola(2012)(ZA4L: 2021. 8. b)
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=, 22 WA |l FAVE A& R gf-TE AoR V|
517 H]],E_o]]q‘. A& ARA, Z2Es}o] Algl ApulZ=Z0]o] SHAE
SelEl2, AEUY) B, FEe] Z2d JhAe} Avda] 48, A
3l ] 571, oA 719) 571 A7 evst 95t oy 0 52
A= ool EAfcke @ S0 tek 22 Alde] ARsol=tL &

2 L

=

A, $27F ARE st BEE ZIAAR olsfste ST HAA A
ZHof A9 WMol 552 wAA sk 848 AERIth Rt FRE0]
THERE ARt A Bt 0= A3 aRgshe ARRIE SAIE 21004 &4

[&3h= A2 E7Fs01th44) o9 - SHIA T2 AJAE 2HU9] o]
SIS 7tzek=th

d, AH] ‘f@E UV‘] S dSshs WHOR olsfd & Utk 22
gt} 713elE A i B sl FES HlolH 4, At 55 Sl
7FsSt ARRtoltt. 12yt 9hA &3t 'unknown unknowns' 9] FHoA =

ole} &2 W o= o&sl7]7t E7sstth45)

Thl, ol Eeh Ul S FAIRE ST A Mol Sue W
O o

W

_Q,

\l

b =
sloh 5 2o] A5t YAL ol Uelo] gl AXNY A HHE 7}
92 o|E3} Ur|zzle} o] Yo AAHO Y ATE S
42) B2l 2, 4o & p. 51
43) 219 M, p. 51,
44) Qo M p. 52,
45) 9|9 & p. 52.



g $E 940

oA, ‘BH(equilibrium) FA° FEE= Aol Ut YA A%t
oA} 7ol Abd WA 3 HtS]H(mean-reverting) A3 Holx XO|
HET QAT 197 gk F9L HIHsI}47)

o, %2 B9 S5 WA HEokal FoiFor Uy
(optimization) =& 5t7] dzoloh. B8] WHERS o AltE
< AR £O] FAF AHIE Zod o & A /gr?%}q] o=
TE5Ste He B Audth B3 dRHoE A B -Fo7t A%
H Z0= 7|fstA|qt o]52 Hakd FHtof| §itt49)

oFF, FE& FRA7F sk E2A HHSHA 452 Astal 4o] 517
o]t} oFX|gt o XoHEE 1 Al%to] T Eojuk= ‘WA (silver
bullet) & & 47} girt. ol@ shto] o] 23} S Xo[HIE AAE
Hohd 4= Qltke &olt}. wiizol] thRt HHY HdES Stk A

1

o] Oﬂé_‘x—iod gijtoltt. o] &2 1T S8 TV XOHIES

46) 2|o| # p. 52.
47) 219 M, p. 52.
48) 9|o|  p. 52.
49) 9|o| 2 p. 52.
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3) Oj2f A3 A9l 9|9

(1) O] 2jAa3 Aol Se4ut 2l

AT FHE 48, A, 7|dstAY 2 ¢ 1,

|4 AAEATS] 075 BAIAIZE HEd AFE BRIt o2+t
= Aot JEE A9t

Hog ZgotA He AAH AH(heuristics)olH 1 ¥HE(mental

shortcuts) TRt QIA14 HAS THEo] W, AW o= o]2et FH

2] a2 Tt 94 AAE ok dolle 8ot Bt B39t A4

AN A4 EE 3ol vs] Fdf 2 A FHE T ¥ 27t A

t}. o]Ao] AZst EAZE € 4= Qe olf= Al A AlARRR ZHz:

247} BRA2HY PR RAST ek Aol

)

19

‘B (complex systems) & &2 9] 4 Q4E0| ASAES &
s 48 84 shushe] EA4T= AR HE AER BE YEid=
BAO] 1 &4 oj' AME BHolF= AA ot B (complexity)>
5] Bt complicated) Adbe FEEE Jigolth. BT AlAH
(complicated system)2 Z} 7+4 847} AR T2 IS slHA 71Y
SHA| A= o] UA|TE A 24 7k A-Za} vkg-9] A2 Qict. wEbA
A o] 93 SA|E L oS TSt BHE, ERAE WEI AL
A= FAAE 1 F2AGoA A3 vkgo] YEhr o] mEwS
HRAIAIA 22 TE9] A emergence) 2 A2 25K self-organization)
T of7|Rt. of¥ ¥idlk= FAR|o|AY o1, BA H dl&0]
ot} wetA EA A= B RS Q1Y BAE o= sk [
Aol At ARl HES 71 & giA "ok

= AESEAC] 2lH]5](Liebig)e ‘F AT HAl(Law of Minimum) ©f

pd
[e) —
A Z9 Ro] oRe] FRow 1Y 2G0T EASE B R BE
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Oj2f 2]A3 o w2 HE 02

she 4120] A%0] ATHHECHE Waith50 et Aok Bt Al
oA 2L el o] Hssith WA 24 & A F okE At

soltgiete A4 LejolA & 3 A7k 715 WEE ALY WA o

ST} A AAH R F15] SISIE ojust Hiolet ol

A o sl Zolth, Jejng o7]X] B4 F2o] ZIAS o, 4A 9

% % M okl 3e(weakest link) o] thg¥ 77} A4d mu

g 295p] HrksD 2, d 8 Eio] ok, BE 2471 I

2% gA81E 5 Y= A2E o] Wl Holdt,

271 vl A FHoA 2AIE HiEREOLoF Sh= o] {7t of7]of
Atk AT A e A Yol AlA" AAo) 2= FAA mhEs AL
g o, S Ao AdE= As 7] 9t J §_—4 _,_u]7} 8
5t7] wizolth. 599 AlSl= A%t Blu e 4
1 B (complexity) ©] S713F A|ARICR ‘:}OJ%}—TL 9% &7kt
A 845 4 Qo 53], Z2uH199} ol e fle &1t
of AAACE H8d 4 U=53) =7 AHele] A4 m|F A= F3f 9]
& E7Fs Blade] it AR S48 Aok 5 Qe A4 7HhG
ool ©Qasit,

N

Ak ASlolA v %7k Mol MR Aol that BIHUS njo]
SEHOR A L BT o1 2
AAHQ B 7]9he SRk Ho] FolRr} Fastchsd By ol

¢

FF oVI71%, ZAPAl Wl mE ARA 915 5 TRt 2ol 2A4
7|&0l oAl x5S el 1 Aol Thstt &0l A= §71
50) EIAE2|(AMY: 2021. 5. 15)

51

|

0} | = —TL 4(2016), p

2) ol £271, "F2LN9 %MJ OI% 2| ARI0] LIEH MZ2 AL2IRHY), (FAMY: 2021. 5. 15)
S5 |&7| 2T H(2021)

H51(2018), p. 14.
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(2) S8 02 2230 R 02N HK

I Sy | — 1 =

R3] A1) A SE7F e wzPo] AR 214719 AT
ol24} &AM (postnormalcy)’ ©| A7]ek= EHof| AWHslal et o]
E0] A7k M=E FEHY] fEE2 2= S == d(uncertainty)’
of 7]Qlstc}t. x]2]9] SHAZ Q5] AR AelE A&kl o|fsl= #o] of

PHIAR, el 25} o) sk Al st e T iy
of Wag A ARl B2 Aol AskEli Q7] wEolh50

Gtz o g o] E7FssAY R4l w7 A
F= 244 8(stochastic environments)©] At 7 Q-of wrAysIch
W2 =0l EFEA9 FHSE AlEsiAH. 53] HElX(De Vries)
gf_’_ EIAS AT A 759 ‘mlE A A(indeterminacy) .2 91
o EAEA BT Ala 249 AFoIA HIRH QIAEE EE4
Jo= ERSIUET, o] B2 WA AL nldf E2 TF5 T4
BE9} vE "410} Oﬂzo] ojgL ‘EYuIA] H|REY|E Sty H2
WZ(Black Swan), ‘“H< #7|8l(Black Elephant)’, ‘A< dfta|(Black
Jellyfish)'= R dxﬂ/l oAM= HolA| gkont TS A, F{ofet
X ~elo] AW 2AZ AAMLL oJusks 29d Faol Zo|t}57)

roo=2

)
flo
)
PN
rlr
N

153 B2 g 7ML IAY ol WS "ol
55) et ael &7 |2lg71A(2021)

56) 2X%4(2018), pp. 39~40.
57) Sweeney(2015), pp. 107-123.
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7 = T AR Aok gojoltt. H2 MR g 1o
A AR == EA5HA FaL A SolAAY 2ok AZ vEhd off AR
ot EFHoIQIESS) Ty 169749 YEHE @97 €8d & By
(Willem de Vlamingh)o] LAEH A[olof|A] 7]&of QA HL o

=
2 WristA AL Wreks gojo] ofn] Eak ARl EASH ok A
o4 A3 g 5 QIR Dol A WS Ao WA of
o} ggo] sk, ALSJS}, Aejat SoAlk AL Wxo] W] Wk I

ook AT WS FU Ho] Holstel B APS F) o}
£ Q7 A4 Ak A

ol

onwn=

HARH: BolRE ALgEIIT60

O
il

AL W7t Hop GA4AQl goj2 SASH d AL vl F4; A

711 &2 (Nassim Nicholas Taleb)7} 2007 &718t A4 & 3‘/‘%
(The Black Swan);< B9 A2 Wiz} AAEQES e Zolgta
Aastyl, I a2 S22 F59717F YA A FEoltel) g E
= o] dojA i, A I, FFH oS 75/ (retrospective
predictability) & Al 7H] £4& Ad ARS A2 Wxet Y3l &,
HE Wiz o] EAL2 AA|, UukAQl o4; HQ] vpzof Esk= o]AH]
(outlier)Z, I}A9] ojd FYPC R o5 =T 4= QS T dego
2 dojdth. &4, gt YASHA ARRlol AR S oY, HHIkE &

T et A, 29 oS 4 S9lE ol ALelE BTt WAy
olFol ofg] 7k WA Aol The Aol Fstel A AlgEo] A
Aol 23 4 YR Aboleta WolE2lrke

Z|HA 2/(2018), p. 227.
O A, p. 227.
| % p. 227.
M p. 228
i p. 228.
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94 Fo gt DRt Ajtolztal & 4= et % AlglE A5AR] BA
uf

A9 ool Al MR AL ThoR FEO) L, AH)E AR
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(2% 2-7) D|HOIZ0| 2BE= B YHE +

W HEE= DEHoIS Y2 5=

(1)

Xt=: Popper(2008), p. 70
1) O 2|A3 U= WHES st

A713(2008) HASHHEY FF= A vl tﬂﬂ Bl=, AR
9] o- & 4], A= £FA 5 Al 7HA] 7l wEt ERska Qltk T
& vigtE = "Hkof webi= gAMA W (exploratory methods)¥}
HA H¥H(normative methods)2&2 &S 4= Ql=H]|, AXf= @AY Al
AollA 7hset k82 3 WA 7Hse RS ASstaAt sk AR
(forward)®] E4& A}, ¥hH 2= vt nlE A% & vl
AZoA EA7HA] TR 3H(backward) 22 ofl&3k= 7]Ho]t},

A} 9] o] 8HFA o] uwlElAs oFA viHTl A v o g JHE|lg] oF
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el weto] 7123 A7t 71 oA 34 8 7ol 712800] 1Y
N9 SARNS B 27 71%o] gk o2 ek (1% 2-8)3%
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HES MFsIety Sk 8 8= Wsle] 37] 9 A& Ak 7L
2 34719 HES WPt (& 2-2)9F Z

ME ke M @B ®M sy
EHIAE =1 x|
=E-T] HAE =lEl (o)1=} 0= m—
oold 718 0l
> A2 S|ZEY | SiEfBIA =
sac | mmam o EIE M sy Sejerm =
=49 ATIHO |2 o B
= EdIC T
H7tEAE= = 20| Edlc BE
T AEpOEE o571
caay | AHER AZEE AEFA HHY | ALl
== 7| AL =4 e 7|
A2l
X Hsk '
A R 7|310]
T A QIAZFLL O2fx|2 Aolo]2 et
=do 'l?' tcl>|-té‘| 7|l:é-| oY= (J_ll_l-fél-o-” 9|

51



A3 Tl s 2t i e
SHOIELE)
=S|
lewn S ot
00| ME = EN5HH A|AH o=
E I e o= L ERCA AN (7000 o
RERIl T 2w AR i)
AHEHSHA bStal
x pS| N o= (=]
]Il_la_ll:l_o' xn_-IXHﬂ STEEP A'”XI'_I_jl M§|:rLI (XlI’.I-O-” Ol
B == R 1 e T - =t WEb
24 71 stojS )

Atz =H0242tEI(2014), p. 21

Ji&‘

rulo

Egt Hleel o] ol weh W ES MRSk Dol Bl @
AR B 9 FoA oS~ @MY A9 Y K] §Hom T
4 SIF OS] Sk BAN 409 % 9 A Y94 Ase o
A3% wBshe BN APHoR B8 THsal, $4ES 45
]_

W vl gAago] 3719 AZIE dSske ol &

oﬂ, E ek ol

(28 2-9) DI20)Z 20| 2 =7
| ETETE |

|| oj 2ol 2 |
[ [0l4+2] =01 '
| O 0|37} EXHoH=X| &foI

| BAIE, Olsw MH|0], SWOT 24

TEA= 24 '
[EAHH 24 S|HEM, A S0|M, AHP7|H, HO|X|Qt

= Y

o8, YeEMIIY

IEEETE | [2ALES, B Aol NL2le 71d,
— ME7IE, DAEEES SEH S,
HE7H B G2 U 24 EELG
O A A0 A X
[8EH U8 || saia odan Y, 2EN 2MAe)
719

52



Oj2f 2jA3 A4 YYE

Popper(2008)= 71&24 FHl(type of technique)ol] Wt ujgdl& |}
HE 3370E 23 9(qualitative), ¥4 B (quantitative), THP)FH
W (semi-quantitative) 2.2 FEsIITH A2 WS 233 o)A

o AzEe WHER BHQIAEY, WY 5 Ao e oju] Rojo}
Ag 98] SR FA WL A A2} 2o] A=t ehAo]
e dolHE B9 WM4S 245ty BAH BAL Amshs whESot
HRA|sto 2 BHAR)OFE e ARTte) oot o] W oo by
2 supsel] 9o BEHE PHES EFUI
H 2-3) 7154 HE{O] DJ2{0]= YWHE 27
o5 U BHE) Y

* Backcasting

* Brainstorming

¢ Citizens panels

* Conferences/Workshops
* Essays/Scenario writing
* Expert panels

* Genius Forecasting

* Interviews

* Literature review

* Morphological analysis

* Relevance trees/Logic
charts

* Role play/Acting
* Scanning

* Scenario/Scenario
Workshop

* Science fictioning

* Simulation gaming

* Surveys

* SWOT analysis

* Weak signals/Wild cards

XtZ: Popper(2008), p. b4

° Benchmarking

* Bibliometrics

* Indicators/Time series
analysis

* Modeling

* Patent analysis

* Trend extrapolation/
Impact analysis

* Cross—Impact/
Structural analysis

* Delphi

* Key/Critical
technologies

* Multi-criteria analysis

* Polling/Voting

* Quantitative
scenarios/Smic

* Roadmapping
e Stakeholder analysis
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At ATE Fqsgon], G -olFd-0lE7(2016/= AN
B34 A2 gt FAE vlo]de B A% BAsle] ARl Hohw

g2AE voly 79 Pt HeleEut A2l 7ks Held vlold
73 e vjzoe dolels e 4 9

of 7]z0] WO R ol
PSS dlolsil 28l Asieks 3ol ek T Helef el
24 o] REE0] Hokio] Wolx Aol YL, AHR|tlols §3
98 WoleVT 54 ol e SdRe S B g BEES
AU ikl Blojelo] A4 ol FAV Mtk T E4ei

] W2 =53 55| 59 tlo|HE DBE 5510 AHA
A BA4E 5o v]#E dSshs WoE, 19609 ul= shAlQl Zeto]
A(Price)oll sl =h=|o] ml= ZAof T Let 2H W 5 &I
FY71&S wIoks o E8E7] AR, SEutolss SeaEr]
&7 HAFHo] 2005 FE] A+ Hof gaof &85 AIZFT).69) 27
e Fer|es o A dSo] AAEG oY HA} AHS]- B AIH
olfr= ggE|o] L8E7] AXF

AFPEEA 712 SCOPUSY 22 d9] Ad =& DBE &85}
TRl8E0] ¥ =ES FE01, U8 BA 9 FA: 5ol wet 2 &
gt & ZAHTYE AXgT ERAHY P B9l FAHE
7+ T Hof M7 @E% B 5947 g sk, vt
Aoz 7leAolu AFH 5= Brlolo] HE A7 les Adcke o

AR o]FoixInt. AFH LA l‘ﬂ—% e dlolg oot L 7]
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69) 212 & p. 139.
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B4 B o2 olISk 88 4 9] W] HE AN A
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7k Olf 2909 71¥

o] olE AW o g nefsty AEstr] et HA oA EEE=
W o B= o]mA o] B4, FHAANY, ol Aol 5 W
o|HA o] A (emerging issue analysis)2 BlES Agksh=
oA mlH ] ERETE E o AW vlHo] 2 9= vIE 8%ES
offi7] s EEE= 7IHOE AR £F— 8% B4 i v
YEF' 9] B or o|FojXirt. WA ot AHHof tigh A|&A 2
AL v o R ojMA ol THMS :r“‘qo}‘ﬂ FFE 713 20 4
A 2902 EAsk, AE7Iet od e 9 sfjAS Hg o R FHIH
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70) OISRl HE TEIHHIE SUR2 NSH0 2 R8E = Us ALY AAHQ| LS HOH5HH
N EY Q42N 2E B HE7L 2200M 23t Az HE, AHY, +~HE F7 12t &, ©
Z7HOIMI0], 2 QIAF X 8l 8]0 RUEHZ 9 0iX 7IXIE X
(2007), p. 346.)
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(d8 2-12) WEF(2021)2] 224 2|A3 Y= Ay

Infctious cisceses' @ @ Ciimate action failjre

: @ Biodiversity loss
@ Natural fesource crises @ Human envionmentg| damage

tate confiict | Debt crises | 4 livelihood crisis
i ’vaersecunw failure

Inte

IT fmraslmclure breakdown 4p

Prolonged 1" Social cohesion erosion

35 """ Sociat security coltapse- @ ---=---"= == [otagnation.<<t===zranessonsmtnnsssoniot e annssastat R
H ‘ Involuntary migration H
Average i H 4 Interstate relations fratture
S Asset bubble b rst‘ ‘ Digital power cdncentration
; ‘ R;bsource geopolitization
 Public :
@ State collapse astruct .VOU'E‘
Hacklash against science 4 Geophysical disasters

<> Adverse tech advance

Commodity shocks  : '

; * @ Toch governande failure

Price instabjlity 4 & Muliilateralism collapsp i
Industry collapse

@ Digital inequality |

@ Mental health deterioratian
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E H : ; i
- 2. 3 . 4
Likelihood — Average
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KSR, DEARIZE

HIAIE7IX] &7t 28
° RPM
* LVIE QA2
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22 M) RPM(Robust Portfolio
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SDE A9 AEAl WekE ulaYH weu AagoR otsh,

AlEdold BAg F° Al2"e] ot e 245k ®Holth72) SD
HHES AR o] whE AlAF o] 714wl dgd He) P, = Al

2H9] FEiA JFeli(dynamic behavior)2] HEFe 4 -Af|S5k= Zlo] 5
8 FZolt}.73) SD& S A P H3te] UQlS U5 Atolo] Jo2E
of o3t AAY AEEAQl FxoA Zobx m=wl FE(feedback
structure)E FE 3tk £ Adth74) wahA SD= 24 wfn|H 9
Rt FEEY= AP S0 mE i Wl FHE] ol F55)
7] wEe] 5 Hapet S W] o] QS 2] XRiths 40
9JT}.75)

PO WK uf ARG, - Il T W)
A5 olojd 0 AHgII

QAT A0 FHel B
Sxgt o] W 7] Qg BAS0] shute] HaE B Pk AL
ofmjshr, MW £1E B AR hA U T BRG] Al

)LI‘—*—I(2003) p.
73) 2GE(2017), p.
)t—'.* **1 21(2020),
75) 6),

2.
29.
= p2
042t 2/(2016), pp.
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Az 2EA 2(2020), p. 216

SD= AR S50 e SHAQ Walks A5k, AAE 4 84
=9 WAE &=A8tste] *1“::1«1 AAYES stelshe =
Moz QIsf Aol Abdell digt 7149 A= &2 A Algdold &
Aol tFsHAl Z-8E1 7D

2) dHg 24 =Y

ujg) elaae] AAA Gk B4 PATst Belxel Ao A
HolS o ol ola) WAsks BE ASIAAH e AS T wal
Bo2 Akl STl Bl Aukee e 4A) ake A%

76) Z|7|€(2009), pp. 21~24.
77) BIARI(2015), p. 77.
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F(CGE: Computable General Equilibrium Model)
2 AAFA 9 5‘41—19} Pt At & A4k 240 5S4 AA=
REst] AFH o= L%E EEoh= E"é o|c}.78) 712 /\]xqg R s
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Jr
ne,
rlI,
l"

oftt
Hj
of

ol 7k et 8 Akt sigAtEor 2] AA %

=4 % SA9] 9FE w0 fle Lt sgratEor 2= A
a3 24 BP(KMI-GEM)2 3|Fpat F22 AEstote] Xgs 7531
gom, FAAE Hste] BAA ansg 2Acks ATe2 Al Fee

Alstste] 43t

78) Z=t4= 2/(2013), p. 81.
79) £8H2002), p. 178.
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(2% 2-14) CGE 29| 7% & &M 1ty

rd
H, 4 MoosdukRa) TTTTTT TS
LH"H‘:H* ¥ ~ = oo™
\ i N
\ ¥ b

2 A3 (sAM) BHY 3. WA M 2R
h

4 1
7 Vo= AR ”

Z=(BE?+0D%) Y*

v = Hx"“

4. B38| B3 (Calibration)

~

SAM
Pt

5 SAMel| A HAk
(Balancing)

st 24

2440l

Lk

Benchmark Analysis

-Baseline- Scenario - - - -

(No shock) (Policy shock)

H|i
uiy 4] sl e Yol Achd w3t P
A2:4512020), p. 79
CGE E¥2 & 42 B4l &35 HIpA7|= 40 2T 3

Aze ek Aol 54 2y olde] U v mecks A

80) Z5712020), p. 82.
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oj2f 223 A7
H 2-6) 22 7|2 A =0F CGE A7 At
HARK(SE) M=
7|2 M2 £z F17HHY
0|%-4=5(2018) | & YAt V20| DIXl= Lt » WIS X2 &

Application of computable
general equilibrium (CGE)

to climate change °7
mitigation policy: a

systemic review

Babatunde, Begum,
and Said(2017)

Winchester and A numerical investigation

Rausch(2013) emissions leakage

Exploring the impacts of a
carbon tax on the Chinese
economy using a CGE
model with a detailed
disaggregation of energy
sectors

Guo et al.(2014)

Technology detail in a
Schaefer and multisector CGE model:
Jacoby(2005) transport under climate
policy
Modeling the impacts of
international climate
change policiesina CGE |« 7
context: The use of the
GTAP-E model

Nijkamp, Wang,
and Kremers(2005)

NSRSV RSS!

(2) DEA ¥ EHISIHEN 2

of the potential for negative | © EtAHIS XX

DEA(Data Envelopement Analysis)e FARGE B<AEES 714 9
_]
o

AHAZ7RA(DMU: Decision Making Unit)&2] 4

7] 913k HpHoltk5) DEA YL 7|20 uheh ofe] B8

ey

284S Hle
]_

ZAISHARE o

¥AHog RO FL&AL 7|$9& 3 CCR(Charnes, Cooper, and

81) Z%- 25 EI(2005), p. 215.
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Rhoes, 1978) @3} BCC(Banker, Charnes, and Cooper, 1984) X
ol Att. CCR EPZ o] tigh 252 7MYt 2Fgo]al, BCC
DY o] e £A7PHE 7HESiT)

(J8 2-15) 29 &89 58=2|

NE -
DRS
\
_ VRS
IRS
A =2l

Z! IRSE increasing returns to scale, CRS= constant returns to scale, DRSE= decreasing
returns to scaleg 2|0|&
A= AL 23 7I(2005), p. 218
DEA+ H|2424 7|'¥H(non-parametric approach)2& to] Ak=
Zo| ksl Be TR AAISIHE TR el

(o]
DMU 7te] 884 Hud 4 k= Aol ) At £ 229
o
=

82) 2|9 & pp. 220~221.
83) Simar and Wilson(1998), pp. 49-61.
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=
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2
o

TF2A BHE, JAEAYC] FE AREET dEAHQ] AR
o

EHISAEA(Tobit regression analysis)S & < U}

ENSARAE EN(Tobin)o] AT PHOR, B4 WeTh QB o

Least Squares)S AH83F 79, BO|(bias)7h W 27} 9Irk.80 wre}

=
A aed 24 8902 BAg 1
o

J 274 821 B4 DEAE B9l 3&49 A=E 45, 3
B9l 3849 27 8%1& BA5] w20l 284 EA4H(two-stage
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(& 2-7) diY=LH20F DEA 3! EBIS|HEA A7 ALl

HAARH(AT) H= ZH|
Roll and Port performance o 510} AHARAY
Hayuth(1993) comparison applying DEA ce-ere
DEA models for identifying
Wu, Yan, and sensitive performance .3 S10F AHALA]
Liu(2010) measures in container port A0 FEr Sty
evaluation

Bootstrap—Tobit model for
Li, Weng, and maritime accident
Fu(2021) economic loss considering

underreporting issues

Comparing the productivity
of major shipyards in China,
Chao and Yeh(2020) | South Korea, and Japan—an | ® 2N AAtY A
application of a
metafrontier framework

X2 R} AR
(3) HIAZZIX| HIt 2

£ nljabAo] A Aol ZA5HA] &= Y AEiAY g7
H35l2 odlsl nf 12 013t AL3S Q] HslE 2A51y] YA vIAAE
712 B7PHE A85k= Aol 7hsdith o] £4 By tiAlgolu Al
o] AFFHole st T A% Brlsle AR AT/ HT} 7RSS o]
L350 AJAZ o7 BHrlsls A&AT/|HMog JLESF & i)

ArATT O == ofPHGH I, SleY7HE 7Y, 2ndds 29 5O
At oPu-H7FA(TCM: travel cost model)> HIAPGAIS] o7} .2t
750l Bk 7k ]”ﬂﬂ "ot} =Y 7Ha7|H(HPM: hedonic price
model)}Z YN O & Alof|A] AdE= A&l HIAAS] 747} 23
A=A tish ZFHA R 11 7HRE S5 sl AREE= 7Rl
S| E HF2 HIAGAL APGAY] AoA8e A8 SaA1e] Hols
FAok= Zeg, 32 Ay, fEed 5 tEAY 1Y $HVHAE
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Oj2f 2]A3 o w2 HE 02

243l 7ol

 2-8) HIAE7HR| 24 29
TE | uEE LS % X8 20}
TCM |« BYK| L0 M2 HIZS 7|$02 {0 U3 7| &
Loy | ATEHON LRSS BRI SHO 2R QS E U1 £F
g © 3R IS0 BT AR THAIEI 0| 28
apy | ° EOILE MGHE 15t DIGHS SIIISY| 9I5tHIE £, F2 Qlztel
20l DRI Fe 2A0 28
o M7 |HS AIRSH JFAIK] A|REO| 1
7‘._|§*._1§7|E,' CVM = |I:IE |'on_ f’gﬁ |o |‘_rl='?
CA | M27|82 X8010] Cifst Moo £ 25 T1A| R=

Az gME-HH-2011), p. 238 EUZE XA X714

AeXe7|HogE AR 7IX&HH(CVM: contingent valuation
method)} AZRQIE EXWH(CA: conjoint analysis) Frx ASAEH
(CE: choice experiment) S°] AF&EITh AXQJE EAHS CVMY &
2] HIAAZE A sk o] &4 dijteER FAE AY e AA
Skal T 7ke) AE AR RE SEAe B8, F4sto] &40 o
St 7RIS AR e r7He 7HISA /7T dAA S R
Hsf| thefstal A-84d0] =2 Hott. v A9 FAaH #4442 9
A= HIASZEA] B7F B Afdl, A, Al So2 QI ARRlE
T FaES BUkeke o A8 5 Tk’

a1l =

87) 24z HF01(2011), p. 23.
29| M pp. 26~27.
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olr
0x

oj2f 2lA3 4 H3} oA (AF2|] HI) HE 7ts YWHE
HEZ, M= 7 4= a2 * CVM, CA
SAl, AL SO gt glE * CVM, CA, TCM
X 7T REE Qlot oY * CVM, CA, ABM
ofi=E U3fZ Qlot AU * CVM, CA, ABM
Xt ZESHE O 2 Q15 Ats|X HIE * CVM, CA, HPM
AT ]11|7|%§_ Qlot 3H%F9%_ _ * CVM, CA, ABM
ot Hd Mgk X2t 7|2 Mgt e CVM, CA, TCM
Ot MEetE WK 7|3| A4 * CVM, CA, TCM
TR FlEQ AtSX HIE * CVM, CA, TCM
INE=MPRINESES]

(@) AEHA BAE

AEHA HAE(stress test)w &0l T 75 %Hexceptional
but plausible) AF] Hgt FAj 2 HF e SHsk= Tt 71He &
Johe &ofo|th.89) AEH A HAEE 19909 2HE =AIFA
o] ajkste] ARg3l7| AlAgle =T 97] ARte= Qlsf FAh
ol AHsH He JATH Ade ATl 2o BEeHoR &
E|QItho0) 19979 ofAJo} 2J8ke)7], 2008 ZEH F8971S 2o
A AAARJ] BANZ17E AXNAEY R FeAILEY B 7105
AL, = QAsf gt ARl A A Hlgo] 87T wA1)4] oFl IMF,
BIS®t 22 =AlIE8717 B 2= FAG=S S 8AILE AEH A HAE
£ Mot S8AIAE AEHA HAES S8AIAH ANe] fAg
=E AeE s S84 LS Bk o 853 At

FL?I rlo
oo [cljllﬂ ﬂJIl‘l

1§

(2007 12.24), p. 1.

I Hi
' rjo

r’GO?.':
S
«L

ce
oy o
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Oj2f 2]A3 o w2 HE 02

H2-10) £ 7|2 AEYA HAE D3 JHet 34
7|2 23 =4 gt
IMF, MA=% FSAP o ZRAAE
o=y BOKST-07 o ZSAAE
Z8d=H STARS- o M HY 283
U= =2eSA SHAH AEAHAE DY - IUH IS
F2: KK &R

Holct, AEHA HAE WO 2= o 7T EX(simple sensitivity
analysis), AlU#] 2 EA(scenario analysis), |t €4 HH(maximum
loss approach), 183l =T#] o]Z(extreme value theory)e] 1t}.9D

e e A2 tE A HgEo] HskA] 42 b £ AA| ¥
o] M3t FeAIAH] Qg /Aol mlA| Fa B4 o ol Ay
Y BAZ AXAA HyEo] 94 7]@ Jo Ao g Wkt fjE 7HY5t
of 329 PFS BT AU = F8 A7 717ke] AR HEe
o] H3lE AL A /\]L}ﬂg(historical scenario)?} 734 Ay
2] 2 (hypothetical scenario)® &% 4 Utt.92) Hof £4 HIHS
8718 ZEEY R At &4Z 7H4E ACE AEE YA 2F
= Zotli= ol S84 o2 97| WA Al ZEEYR9] 712 |
3= FAoke Wolth

l"l r
W of
ol

471(2015), p
92) %’—IEI M op. 7.
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H 2-11) AlL2|2 2-(0A)

Ha ALI22ELE) =X Al7|
EE S NES(Z1D])] -59.3% Clarksons
MA GDP -1.6% World Bank 20094
HAHR 7t4 -26.4% Clarksons

A= ehst- ZIEfY - HEBH2020), p. 98

E PHES ANATY D FEAAEES B0 A7t

o
ool ot FZolle ALY, He-2AY 5 5 A BoplA= E
ES

(1) RPM

RPM<Z Liesio, Mild, and Salo(2007)7} 7HEet QJAREAHIHE
9 (action)FE ZAot= B9 HHE Hjsio] §84Q TEZ]
ELASH= HiHo |tk of 7| A Ebd AHEt gQujct Aol WA ThsA
A AR AR AT E So] I 4= 9} 93)

mﬁ%‘i

o4

RPM2 t}7]|& 7R ¥ (multi criteria weighting model)?] 4%
o7 Fojxl EA1} 1110*174&01]/\1 7 &<p(value function)®} 7H5A]
£ ARE3it TRAE = oA B FEE WPtk Hol
RPMO] E4olztal & —’F ‘}l‘:} 94) AZEOIE S5 B 7HSA7H Al
AtEE P9 2 E84E 42 & U=t RPM2 B9 JEE ARSSH=
EA4C =& Qlsto] a&AQl REET 7} 3k 7HA7} ofd o7 7HA] 2k
E YEA "ok

93) Casti and lImola(2012)(AA4: 2021. 8. 5)
94) Hayrynen(2020), p. 17.
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Oj2f 2]A3 o w2 HE 02

(d2 2-16) RPM2| s 8X ZIEZ2|Q 1A

B ( | | In all Eff. portfolios (Core)
5 actions In some Eff. portfolios (Contingent)

i \—// In no Eff. portfolios (Exterior)

Utility in environment A

Utility in environment B

XtZ: Casti and llmola(2012)(ZA4: 2021. 8. 5)

RPME: 53l 71 9= 88/ wet 44 (core), oH]A (contingent),
Q)& (exterior) PYZ EHEH HHUZ JFP= G 8FQ0 ZEZF QI

SleA] Eatslolo sk, ofuld W9l B84 ZEZelod] x4
glon], 92 Y mEZel Ao A8 4 gtk

—

(O™ 2-16)2 RPMZ 591 A2d 884 ZEZDQ9] ZYE/O
(Frontien rehdich. 1ol W94 27 PoI= T2 Wlof w9
o g AL HojF 3912, 3, 5= oA gPQlo|t} P12 HA 3§
92 T2 P95l vs) 2UT BEAL AUt RPMO| 58 RES
Plos o4 W9 oyl YeiSe) 2goe EAw, o1 W9 o
9 4= ZEEL| 0 XAFA| o= e BT & . RPMZ 283}
of FAdets =&3 t#AQ AFIE Casti and Ilmola(2012)9] ‘the
Seven Shocks and Finland' 7} th. E1A = dF 7 AlUE] 2(54)
et 245709 tiSAT ks 4 7R dERARE B3 Atk 2
DA RPMS T83le] 25749 heHe Askgicho9
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(2) t7IE AABZUYE

)& QRFAGHHEC 2= #4072 Tl §-80|2(MAUT: multi-
attribute utility theory), AE2} AH(AHP: analytic hierarchy process),
HAYRolE ol sidHth. HETHES HSHTE A5k &4
B7HA A sl Hrehe d= ARgSte] AE7tet olsigAAre] A&

o] ZojUll o]AL 4x| 8 WElsle] ZF WA RO JfEXE ARl b}
A1 FRheh QAT ES & vhEoldl 23k HAEAIE ol&5td,
OJFTIAAE tAto g HEZAIE k= 1Ao] g Q3}} 96)

BAYRME =Edhe ol £445 119 AT dheol Ads] ded
‘g% (trade-off) ZAI7F PYSHA H=tl, o1& HEdst7] ¢Isl MAUT7H
A= A7) AHP= Bt BAIE 1%9}6}04 2 23} AlF 22l
== wofolal o2fet 2910l Higt oj¢H|wE Fl FREE k&0
HHEOCE T. Saaty7h 7HE3CH®) HAZ%k 1 =2 R EgHddS
AAZ = JAEA IO vrgste] Rt o s SAFEA 7o
t}.99) W Zo] el 53t A7l MAUT, AHP, HAZ ol soltt. W
29 rEA A2o g SEAA 876k= AAVFY] Fe(cognitive
burden)> MAUTY] A7} AHPY HA|ZFo|=2Hot &R At} 100)
AHPO] 7% oY A2 HE 7EXE &35/ Y3 7|5+, 15

A (eigenvalue) 5= AXlel= g0l 37=H, HAIFo|E] -
9T 7wt Zykel e Jix|ud Z3E F3ststo] 717115

S5k oA B 4-5H4 AR @ FETh 100

96) A?= - 471 F¥I(2008), p. 29.
97) 912l &, p. 29.

98) Zaltt 2/(2009), p. 70.

99) 24 2/(2009), p. 91.

100) 4224714 -2, ool 3, p. 29.
101) 12| 2, p. 29.
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A= v AT AE EojHH, AAHE g0k 84 TF F7148<
*J‘i A2t Q]ﬁj—(feedback)ﬂ AR 23 “I‘—Q'-o]‘ﬂ] 7—‘} %

M3 D2 BAT W2 Y B WY Y

1. O 2|A3 U= 4y

1) Dj2f 2|A3 L= HX}

ARONA AER Hloh ol e Blaz W2 J1Me At ugel g
e AU Q7] o] WEFQ021) AlolAiet o] gk, A7
o Atk £82 F3 4urdo] Wasitt olo] & ATlME 1442



2 3-8 tlolg 7o) HHoly 245 F3f oy v fAaE
7I9E9] FHlE =EO~@ YA)SIL, tho® A7 B g %
2o A7t AR El 719EY A4S HEG~E HANR & 28

F L 8l 7INEE 209 FHiE SskelL T s E
*éxé(@ ADstoiet. olF] 2lAa =& Hlglold A £AAARI @
oel&FA SfFsto] YTt

TSN 7|HEE FHFH R #opd v fAaE EESL 20
A 7R, FFE, A 7hsAdE st HAeHE 2H(® A
7] 915l A2 2APIRHE) =R 2A=ste] a7kl dut =1l
qoR AERARE AAIIH. vHRGeR ot 89A9] S AA
=2 v Faaod S 2ok 9 ddikiord 10d BlaaE B
(@ @A) & Sl vl Blae] 24 3o Bagt 7z HRE
Asska, T2 2|A0t E40] frlHow dddE & LS ST

b At wlg) 2ado) WRe 9fat e WHED S ANE &
Asiste] ks YehfE (19 2-17)3 2t
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(1) SD

SDE Al2g Aol Zlistel BYe P A2g AL Aad
2 FHBHE ABOEA WS 710 BAS D] 0|5 Aolo] £
22 olsfshe AMAART & 4 Urk109) SDOIA WS 7 Sfmel
A3 Yed T2S AU, o] BSe] Qo] HHA G
F o] ofUet 4P At WAGIA FejHel HTAEL FHe AL

oJu]gt}. 104)

SD 2g9] 1= 4L 7fdsK conceptualization), E & (formulation),
HZ(testing), E-&(implementation) & & 49AE AZIc}.105) st
SARA = At S Bt 4 7% A diiel I HIA=
Te= AT o] A WS 7 oW 125 Aty A|AF

Aol F2E QWA EE HATTE EIF WG I 4T AE0] FH
X =

103) &7, Al 3, p. 20.
104) "2t 2, S 3, p. 3.
105) /9] &, p. 5.
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A wAAs] S8 ek glck. ket SAERSH A8 4RE

2ok GAE vl dole tlold, Ajelo] Hel, HR BM, A
5 4 5 ofg Fojo 714 FUHOR YLD 4l
£o HAE tloge] ujE 295 4 7%l & 4

o, Aqlof AE 9 Higo] s gAE % —5454 =20 wet P, A

shereat 9 mlgfelo) AEsbEe] et BaRe}
Mo o7 Hoke] ARILY AELS ¢
Aole, EAE dolg £42 B3 HopsAkope] mlefo]
Sk Chopet A 19S 22 02 Y| S YHHOE dloly
of 4t B4 B8] Sg4atiol W mle ool A tholx| T gl
09 79 7|9ES EE5, EYRdYe B0 /9E 2AEHA
S MO ol Y9IE 719 ATt TS BEsl] HEHo HlY

>
H
i
e
o

O

2

B Aol ME 2018WERE 20219% 1/487|71A] SiE =5 Fu
4 AZHA| 7IAHE PSR AdS 7Nt R s 7]l
BH =55 74, A2A 714 sidARoR 71E SR RS 59

106) 2% 2/(2013), pp. 231~257.
107) RX| 2(2012), pp. 137~161.



SHQkAr20F Oj2f 2|43 &2 03
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ARE 719EE SHoR HFRIZAM Algske dHolHE &8st

FHE HolH = =% 8,209, ARUA 7|4+ 387 3157, s
AR R - 24 7878 ek, Al At A ' A
A AA 7IEE <E 3-D, (& 3-2), <E 3-3)3 &t

B 3-1) 4t % Of2f £0f F2 0l 24 72

o 24742
CHa 7|7t 20184 1/4 27| ~ 20214 1/4 27|
oY =2 IR JKEYN 65, XK 155)

=21 8,209
oM AL 7|AF: 380,315A
- HMe=f 787

AT AOIE M2 BHOIX| U SEARTIENC gfoIx
Mgy ELDEY U eipy 2
Rz MR &y

USRS sH =M USERS =8
= . Marine and Coastal
FRAAZAOIES| K 7] ! ’ A
O\_:'_:|L'I'|_oo—|—<ll | 37\_ Flsherles 116|_
el ClieiN 3087 Marine Fisheries Review 2371
——uoEs s Maritime Economics and
SHOESIA . (LK [BHa[X b L al
sl Rt oozt T 72
SHoISIZOIRIBIB|X| 97374 Technol_ogical Forecasting 11927
emerET and Social Change ’
= m=iokste Maritime Policy and
t25H0kEtHS| K A 7
S=olei=ix] 5971 Management 20624
12510124 R|5H5 K| 1017 International Journal of 18471

Forecasting

108) BIGKinds(ZAMY: 2021.7.22)
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N = 2N NS = 2N
St alolalatstslX| 148H Long Range Planning 180U
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H 3-7) LDA 2M M4 1

o X0 HOZHE I A=K BHSIT.
A0 EXO| EA B250 QU=A], EHOIL HO 227t {HX| C2| 22 22
(Dirichlet Distribution)0i| 2} Xo|SH},

* ZMO MY M HOHRE 2 HOIK| TS 2HES ATt
° S AR HOPHOE L ZAU=A] Fettt
* SRl IX|12 ETO)| [t HOjo| 2RE 2ot ASUM 7+ &2 2E2| HOIE MESICt

XE: S -HEF(2017)S EUE MAF &Y

113) Fel4(2020), p. 2.
114) lee7%0 S2ZHMY: 2021. 11. 1)
116) 45 Y&F(2017)

100



SHQIAANEOF D2 2143 w2 03

ZaHo = O] AL A7 old EXE 71 g, 7 9149 ©olt of
d Ego] o3& &g, 1 Ee| wgt @o7t ojd FEE AF4EX]
oA EAE S ZEE AYS 2ot} LDAE &9 7 9\ ] ojd
':}013 o]FolA SU=Al A7 od EFS ZHALL QA & 5 Q1o

=% EY HHE o835t BRo] AHEH HA(Feature)g Y71k ot
i, -1:*1—3—’ [FstAY 3} o]&gtth116) (T1F 3-3)014 it E
goJ= gene°lgt= ©@oi7t 54 &E0| 0.04, dnat 0.02, genetic
0.019<& & & Stk

(1% 3-3) E™ Z@ {EE=117)

Docurments Topic proportions & assignments

Seeking Life's Bare (Genetic) Necessities M

B 2P At ©1(2013)°] met 5 vl 9A1S] IPe= g
ot &4 A dACIA E40] 7kt FEjE AA2E HAE HolEE ¢
goz v 267 oA H9AE HolHE 449 EZ2oR #Eske 1

116) lee79ho E2(ZA: 2021. 11. 1)
117) ratsgo £2 1(ZAMYU: 2021. 7. b)

101



< o) 3¢ 74101]*1“ TJE 719 £ 240 wet e Psh,
mpR|EE 4TAOIA ZF 7| 9E0] 1 wido] et =8 EE AL B
Y g o3 U2dth 118 BEY WHFHe $2 TF-IDF 7F5A9] 27
oto] =}, TP-IDR(Term Frequency-Inverse Document Frequency)
£ 3 24 Qo] EFske @ol9] FREE 4REARl AR A3l

= WHolth. o7|A TR A Wl 54 ©oi7t driy SdF=A]
£ YEl= o, IDF= 24 W F54 €019 $8=E U=

I‘N

SAolt}. ol5 77k theat 22 Ao] ofs) AxtE, e AlolA de}
te Z7F B 249 8015, [dI= AR B4 45, |dilE 8] 12
ESHE BAY 52 Ukt
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179) Pyun and Rha(2021), p. 6.
180) Rha(2020), p. 4.
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£ AFolA UEYT HAE B2 3] Fatg w2t AA, 4
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181) Shin, Jung, and Rha(2021), p. b.
182) Salton and Buckley(1988), pp. 513-523.
183) Aizawa(2003), p. 45.
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< Al 923G e RES0] e k=sY duit Wo
Pz AZEASAIE Aoz ARt A7 Fold. daFHAel &
=75 HEYINA &8s e =50 I 0 dol-dof HE
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=

o LE AAZ A
Coronavirus Pandemic 0.089312
China 0.083455
Trade 0.046852
Supply Chain 0.036603
Us 0.035871
Terminal 0.035139
Demand 0.027818
Europe 0.024890
Government 0.022694
CmaCgm 0.020498
Capacity 0.019034
Shanghai 0.018302
Economy 0.017570
Agreement 0.016837
Cost 0.016837
Workers 0.016105
Blank Sailings 0.014641
DpWorld 0.014641
Maersk 0.013909
Oakland 0.013909
Singapore 0.013909
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184) Girvan and Newman(2002), p. 7826.
185) Blei, Ng, and Jordan(2003), p. 998.
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o 49l ki wol YEE S B4 Fue Fuste] 302 ot
o} Y wue BAg o AT, (G 4-12)9) Zo] ENE dojr} Bx
SH 9l A& et

(B 4-12) ETY =9 ©H0f (20204 = 18~62)

E™IE FQ HO| (58 50| =2 £#0% FE) 2%
Topic] China, Coronavirus Pandemic, US, Trade, |* Z2L}19 TG ASH|A]
P Effect £=/0|2 FALS M5
Topic2 Supply Chain, Coronavirus Pandemic, e S2YH ZZAEL A
P Capacity, Demand, Europe AN =y
Topic3 Terminal, Government, Cma Cgm, Dp ° FQ MAIRL SIS0 2Y
P World, Operations ghAl H5}

NSRS RSS!

Topicl® 8 o= ‘China’, ‘Coronavirus Pandemic’, US,
‘Trade’, ‘Effect’, ‘Blank Sailings’ §©°|%ith. 8 ©olE (19 4-48)
¥ Zo| /e SERE S 24 2717F 245 do7t EYO
23He ggo] ARES 9uldttt. Topiclol &ok= F8 7|4 YE-S 4

186) Griffiths and Steyvers(2004), p. 5230.
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Throughput
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olo] webA HAREe] AAF R 7|9 SlE Eo]A Hoh

243



(d% 4-49) Topic2 (20204 12~6Y)

o Crisis Compmission
s ok i EL rOPE™™ Blank Sailings
i Throughput Wawe o e : g
O omy, E Determon i
“Demiand = Supply_Chain
tiontay| ockdowr _: Growth TaX : \;‘H mc Yormees
”LJ Congestion.c.. Econom e ,erl‘f’“ Or(er sied

Capac1ty

"9 Better
meReduce ~ Brext
Falling

INERPSINE X

Topic39] 8 wWoj= ‘Terminal’, ‘Government’, ‘Cma Cgm’,
‘Singapore’, Dp World’, ‘Operations” 5°|tt. Y= Z=-E= (O™
4—50)3’/} Zth. Topic3l &dte F8 74| W82 530l A% &1

+ 7Fd] Cma Cgm, Maersk 62 2% AAES ol+YU9 A5
/\ﬂ &of AdS 7JMsHAA HuldE gt T 43R FAE X9
stal gled, Bujd o &4 (Terminal Congestion)®] S7Fskl %ﬁEﬂol
U(Empty Container)?] E7} ojZA JAZETF LS
(General Rate Increase) 59 WHo g oS 7Islol7] AlZHTH=
740]‘:}. 713 859 AR QI ojmr} o] AZ|IEH AREZS 71A
E4 mjorst 2 9o}

244



SHUAR20F D2 2)A3 I2sn 24 04

(d& 4-50) Topic3 (2020H%: 1€~68)

FlnanC|a|
S Blockage \m( mS

Offering

~Government
it Operalour

Corona\nrus Outbreak wControl o

nland r \
Cma COMes oSt Apeincenen
Assets o ,:Uelc_‘i el‘hr\lsler Dp World

Term!nalegbO Hit

aersk Singapore
Ce Quarantine

YW High

% Deal Agreement

Portfolio P

Workers

Atz KA Ay

2) 20209 7E~98 7|AIEN
AR Aol 2

20209 % 7ERE 997149 Lloyd's Listol
71AF = & 93Ho|th. TF-IDF %4l 0.5 O]O}O] 8799 TolE AAsEH
1 Eeko], AlQjo], FoJolE AAsto] &3 o] = F 4,85570 0]t
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Demand 0.025118
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9] AZAFTAHAY B4 A= (F 42003 Zrt AEFHAE 24 ZHol
e S5 AHGe] B2 Hael wet doirt S4H0] w2 Ae &
AT 4= et AEFe] B2 w47t 25 A= ALHE B¢ 1 v
A9 o, A7IstEE A ARFY 55 AsAA FEE 50 =
ol AzelA FFe € AoE Ak AUtk EFF AYEY ZE
19 A Ar7E 7oA Adte] 2 A|71A] 0|24 Fekal S3F A1
oA TrE ol AHfetel Adde wAlske A7 BN A
o] 21419 A9l Hiet 7IHE=S] S440] woHAIAL SlEe ERIY
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Gol-to] QURE YET] $UTEE sets] SlsA ARUE £
42 AEISten A Jlel Selseht Btk A AU

(B 4-20) &0 L& AZSAN (20213 5E~78)

oo & AEsed
Coronavirus Pandemic 0.036474
Demand 0.034954
China 0.030395
Capacity 0.026849
Supply Chain 0.026849
Us 0.026849
Order 0.024823
Ever Given 0.018744
Seafarer 0.018744
Owner 0.018237
Crew 0.017730
Emissions 0.016717
Yantian 0.015704
Congestion 0.015198
Export 0.015198
Container ships 0.013171
Lng 0.013171
Claim 0.012665
Fmc 0.012665
Loss 0.012665
Terminal 0.012665
Container ship 0.012158
Fuel 0.012158
Government 0.012158

INE=RPAIN RS

267



YERD §RTEo tet EHo] 8 308 slof BN ndy H4e
gl (& 4213} 2,

(HE4-21) ETH = 0] (202149 5E~72)
ELIE 59 0| (4% &80 52 202 ¥Y) EE
Topic Coronavirus Pandemic, Supply Chain, o 2 HSMVLEA EIEE
Demand, Disruption A 211 SZAEE HHE Alst
. . . . © £3 MTEA| AE3fo| BE
Topic2 | Order, China, US, Yantian, Capacity HAZ 20| 24
. . o 20| = 23t HAH oIt X|&
Topic3 | Ever Given, Suez Canal, Crew, Seafarer - 2zxj0] 171 ARl =7}

A= KA ARY

Topicl® F8 ©@ol= ‘Coronavirus Pandemic’, ‘Supply Chain’,
‘Demand’, Disruption’ 5°lt}. Y& == (9 4-70)3 2ot
Topiclol S8k %8 71ike] e Auum, A8skS0] TRAL
@ Wo] SHYAlo] HolE Aolzk WL WA 20214 E Soly
SeAREY] B Aol BE oSkE I Sltke Aot 7|A= =2 HH|
do] o= 39| Aut oj4fo] JH YAS WEA Xt tha A
stow ojgEln giok Hsha otk

(a8 4-70) Topicl (20213 5&~72)

3 Potential Northemnnabie
e epec
Portfolio

Congest\on

Aqree ment™>
L(‘ ea

PNT=MPSINESE]
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Topic29 —7,‘—9:_ ol ‘Order’, ‘China’, ‘US’, Yantian', ‘Capacity’
Soltt. 9& SE-EE (a9 4-71)3 2t} Topic29l &sh= 58 7|
/\}9] U&= *ehﬂiﬂ T ARA diEgolA 22EAEY Jade s
BB ga7} o] AT thA] AAH o7 L-do] A=A, FHH A
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olu7} 28t 7hE WO BN BRYL SR A T 7 HE A
Aoz AWk gIrke Holeh. B G AHQ 44710 BolsmA
sheed A45At Asslelete Age Aot JAE gk

(& 4-71) Topic2 (20213= 5e~7€)

obs Financing Venture

Chan(-vR([atc\s | 3
Botany TES

et Ba gBOxShlpsHqu Kong, &2

Seaspan hortCont O

Double Pipeline Lease Rsmvmy AsiaEurops

ArmmurmedDemand i

xchange ' pre

Fm
Back C ‘tl

ipment
ssArea Froeh
b ngﬂmg Expand l’urr(»nl\y
Shanghai
L De\emmr Aqreed
3rm‘| Acquire
an

Forw ard

Operauonal e

Charter O d rN1 she

Contamerhlps

Bulk t
L Yantian s
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o e e Options Govern

m‘ént Zim C h I
Pmce Port Cangestion

, Buld Shipbuilding erurage
aw FreightRates™.o"F %= I b gy,

Econon

Long Term

\ \nves Gulf
o Charters Orderbook Hutchis v te Hi
Wan Hai® Segment Conrammh\p
tCosco Shipping Transaction
DP\lVE’ry
- Revenue Spending
Costamare
Shipyards | G g| g Retaliation \
Traditional [~ y
Danish L/EC

A= KA AY

Topic39] 9 ©ol= ‘Ever Given', ‘Suez Canal’, ‘Crew’, ‘Seafarer
Solt}h. & SFER-EE (O¥ 4-72)9 Zth Topic3dl &dk= 92 7|
ARl Y82 AT EH, o= 2o19] ofnlof| Higt E4E0] FE o|F1L
At dEtHo® F=9] £AS AIStolA = FU steto] AR
202190l 3eAkEe &, o= 2o HAf o8 AR HAuAE
7153, o2 &5t &3 AN olF ASA7E Al HEA oL oFAlot
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Jobs Financing
CharterRat c\s
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Fo= O1EA ot o]9} T2 AR tRES] o] YEQA
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THE RS AN ZEAS L5 oA E ATAAA P 2 B9
AT S 70, UE 7899 AdE ERdE] 9= F1 A
oh o7]1X] o2 AP}t AlE QIS 2021¢ 295 HEolYA &Y
7HRE ASAIE ERlth o]9F Z2 AMZ do] YEQIAA ‘Suez
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‘Resilience’ 59 7197 202197 AE54do] Fol A 39
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ofo] ket S Pt Mote] Bk QL0 T PSFQ019)L Pt

HOL L BHOT Ptk B JT FA 52 RIS Tl Bt

291% A4 F BFIAE A= PI= Sk of 2ol olu(2014)
T o

S|

E AFoAE b Hol Z|ATE FQJ-AHE0] BA|R mlotslo] HAls)
317} 3}, o]= HotF YATE Eol7| Yol FYH FY 840 A 94
o u]XE P EA4stal, Lot A= 884 =o|7] Y3t B 84
o] AAAS wdsty] Yotk

1) DEA

2 AolA Ft Bt HAIE HUKeh] 9o DEAS ENIS|HEAS
2&51th. WA DEA= Charnes, Cooper, and Rhoes(1978)°A4] A
2 AAER o, o]F Banker, Charnes, and Cooper(1984)°|4] &
o5 A3 BCC EHo] AXH= 5 309 W7k B2 A7) &85 o]
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AR PESH, 1 He Y] R4S SAHE 49 AN Azl

2%y % 4 ek

Charnes, Cooper, and Rhoes(1978)°l4] 128]¥ CCR X8 1%
7Fx] EH(CRS: Constant Returns to Scale)d] 7S stal o] CRS
ngorL Bt offf 412 RSB HE 7HYe input-oriented
CCR 20|t} 0|5 AWK 7} JAEAH(DMU: Decision Making
Units)2] A& 715 3 € £9U= 715 A9 vlgo] 12 ZasiA= <t
Hod= Agkzx7o] 3k AZAY AdS & 5 Utk

]:!
S
Mirimize Ey, = Elury”»o
r=
m
Subject to Z”ﬂzjo =1
i=1
Zu Yri ™ Evzxm =0,5=1,. '7j07"'7n
r=1
u, =e>0, r=1,...,s
v, =e>0, i=1,...m

thg 0 & o Al input-oriented BCC R &S $A15185t Ao g2 7}
SAY AAZE 10]ghe HE 99 7Hgo] Ak 2407 1= Ut=

=42 7 ek

F

e

S
Mirimize E; = Zuryrjo
r=1
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Subject to Evtx

i=1

=1

170

Eurym sz zj *Oj_l ’j()”"’n ’ szzl
r=1 i=1 i=1
u, =¢e>0, r=1,...;s
v, =2e>0, 1=1,...m
o] 9% output-oriented CCR %3¥ ¥ output-oriented BCC &
Ho] 2 olelst 2k

Mazimize 0 ;

m

Subject to Y, v,

i=1

=1

170

s
Zurym Evz 27 - 17"".70""7”
r=1

U =e>0, r=1,...;5
v, =2e>0, 1=1,...m
Mazimize Hj

m

Subject to Evtx

70

=1

m

Eurym ZUZ:U’LJ - O j 7 ‘7j()7"”n

r=1
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U =e>0, r=1,...,s

v, =e>0, i=1,....m

2) ENEHEN

drrE oz SAE g A9 Bl AR vt o DEAS] 2
L Hpgels E4o] gloma H|Rs: EAS

Ranked TestE 83 Mann-Whitney U Test, Kruskal Wallis H
Testg E-8&5to] ko] AolE EAstA; gtrt. Z42He] ks gl o]
W% = Mann-Whitney U Testg AREstal, ofd] JIE Ao H
e ©= Kruskal Wallis H TestE ARESHC}

N
Nk
)
rror
Jm

\

-0,

gl
ful
i
N
rC
A
e
i
D
o,
_lo oL
me
r]I. 0.
4

22l 3lHEAo] ofd E
HIS]AEA(Tobit Regression)o|tt  AAH/AW  S|HEA(Truncated

H A4 &8 IR 1 47F BA] got Simar and Wilson(2007)
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oAl 343t Truncated Regressiongd &-&5HA| Y1, AL gz HA
St 79 Tobit Regressiong ©113 Honma and Hu(2012)9] A+ A3}
o} Zo] EHIZHELS &8oto] B4 oot

o,

&4 248
AEol] % 51 24 Aoltt. HoleE $A3 F1EAELE Salo

B 4-22) B 3 ME 49 J|ESAY
TPl X, A E, TEU, FR/T
A

Horsa a5zl AN | dze

Hi | I_O =" _g_ ="
Z|54Z{(Max) 137 354,015 468,760,569 21,992,000
Z|Z2HMin) 1 400 115,075 0
i (Mean) 33 44,241 61,351,803 1,270,679
HEHIKSD) 40 78,185 109,610,464 4,484,569
&7 (Median) 16 12,454 12,114,413 35,229
A2 EAYE STHEAZE(HMU: 2021.9.15)S E510] XAt 2ty
J9a B 7ksA, A Ay 5 9, T A S 5 5, FF
4 59 It gAT #H dojel= 20189~20194 717t B H=9] g
T HOMEE tid e R A &9 et HolHE &8skt # A
TFolAE HFHoE I 207 Fute doE £42 Ngst, Fut
Uol

2123 voje|o] 1L (& 4-23)7 2}, ES ENFEA]
¥ 2l23 dolel WRghe Hstol AHSAT. et 2y
Y A 3 A e B9 48 SEAS S5 A A
SAREle] EMBIARAE 2aslo] HPsHA gt Aol wigsh Rat
ek,

o
N
x
‘o_n.,
ﬁo.?ﬂ
X

J

279



H 4-23)

[}

ik 2|23 M09l 7|&

UM ItsY &5
2| e Isy A AR RN 2 B2 2
0.01 e == 1 512 0Ly 1 51010 X|2
0.25 5 2 17 o[ 2 BT T
0.5 =28 3 st oL
0.75 =S
1 HeES
N 2} 3
% WEE FMEY  sEew | ZIom | yEN e
0.01 MUK FHR QS 109 OB HeWS HeHS | Bews
025 1ZUA 10B OOl 10 R0 o o e
AU SHAE 1009 & 0]2F
05 o 100 o B5 #5 =8
05 1002001K 1,009 1,000 20b o e R
O|LHO| MURILHRMRE - 18 & 0|2k To EE =
1 1,000 Ol 120N | HREZS  HRES | HRES
2 23 5 28 52
0.01 e £
0.25 =2
0.5 HE
0.75 Lp
1 0 Lt
Flokd
U B2 8019 0184
0.01 i< of2ig e o5
0.25 0218 cg
0.5 HE HE
0.75 20| L=
1 i< 80| e 5

REg: AR 5t

280



04

24

nl

A= (F 4-22)%

iy

SHUSAHZOF DY 2123 T

to] DEAZS A

o

P 9

<]

7t

o

o 5842

],

Y

&73°] 1%,

__Qn_

ar
jo°

o]

Hlo

s
j0°

NF

d

A
o

ASR et
(H 4-24) DEA ZI0| M2 g0t 58

o
3T

nrh

],

jul
RS

%0
1od

-

100

=
160

0.2000
1.0000
1.0000
1.0000
0.5122
0.8102
1.0000
0.2306
0.6897
0.5458
0.3506
0.5500
0.3903

F

S
=}

A
=

i3
=

0.1212
1.0000
1.0000
0.1468
1.0000
0.4173
0.2452
0.2975
1.0000
0.1663
0.1052
0.8265
1.0000

100
et

164

RO =

-

__oo
il

|.

o

=

MHZE

-

__oo
<Ir

281

S 35 2 0.05

Aoz et

-
R

Al

o g ulx

RO
)

(_



B 4-25) SIRIAI0) Fet S0 M 320] oJ3t 312t 58Y H3

= - OL- o o
T Coefficient Std. Error z Value Sig.
QIF &4 46.083 23.092 1.996 0.046*
GH &4 -40.184 21.022 -1.912 0.056
A g 16.868 8.690 1.941 0.052
33 2.743 1.394 1.968 0.049*%
A Y -19.665 9.755 -2.016 0.044*
F*p(.05
INE=MPRIN RSS!

Zgo] WE oY &3 87 GFL 0.05 §9 FESA Pt 1
Kol (9 FFL VAL F0= vherort, B4 £ YA
20O G AL 2 & 5 Yk

o°1'

(o]
—

(B 4-26) S50 /3t 347t 52N Y3

o
T= Coefficient Std. Error z Value Sig.
oI &4 1231.698 540.424 2.279 0.023*
4 &4 -54.224 26.689 -2.032 0.042*%
=3 g 36.537 17.058 2.142 0.032*
33 o -1.855 1.280 -1.449 0.147
AR Hok -15.951 6.616 -2.411 0.016*
Z:*p (.05
Rz M2

Flopdel = BUgHIEY A =, AHA, A 5 s9Ae
et o842 0.059] 2] sEolA it Zado]
A0 SIH A

(B 4-27) =922 2t a2 T

o
T2 Coefficient Std. Error z Value Sig.
2 801Y 2.604 1.736 1.500 0.134
o8y -3.767 1.847 -2.039 0.041*
*p(.05

NSRS RSS!
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Aol digt 0892 0.059] #2] EolM It aE/ge] F(-)2

H 4-28) 2ZAEo et e8Y B

7= Coefficient Std. Error z Value Sig.
2 804 0.747 0.468 1.596 0.110
084 -1.104 0.560 -1.973 0.049*
F*p(.0b

(B 4-29) ofgAI2o &2t 22 T

7= Coefficient Std. Error z Value Sig.
2 8201 3.566 1.988 1.794 0.073
olgH -4.523 1.767 -2.560 0.010*
F*p (.06

INE=RPAINESGS|

quto] P, AREA, FH, H T o] gt A folie
0.05 %9 Sz3le] G B2 D9 FFL vl

i
Y
ki
T
%
o ¢

(B 4-30) 2ol x|, GRS, B, Hot0f H2E AL Yt 23 T

T Coefficient Std. Error z Value Sig.
2 8014 3.449 1.621 2.128 .033*
ozd -1.569 .922 -1.702 .089
ZF:*p(.0b

INF=MPSINESE]
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SEsold Yak el FO)9 JFL AL o e,

H 4-31) SoHYRIAE gt 22 FY

T Coefficient Std. Error z Value Sig.
2 204 -1.243 454 -2.738 .006**
0184 275 459 .598 .550
= v (0]
RPN

HEga, A, SRdskEERd, AL 5 vieR-SAlEel dih A
B0l 0.05 79 =50l R B-&A40 B+ A vA= v,
O R L CERELIC

(B 4-32) HiZRSAH ot &84 Fgt
T= Coefficient Std. Error z Value Sig.
&2 201 6.054 2.522 2.401 .016*
0184 -7.450 2.394 =-3.111 .002**

F*p (.05 *p (.01
Az KA 2

[e] ‘8‘ T S
WA, o184 $O)Y GFE AL AL & 4 et
(E 4-33) oA A0 HAIE] 3Tt § 84 &
T2 Coefficient Std. Error z Value Sig.
2 2014 61.645 26.272 2.346 .019*%
olg4 -62.962 26.609 -2.366 .018*
ZF*p(.05
NP ORI
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premium, guarantee, neg, anfis, volume, smb, kctf, tacc, positive, meza,
feps, bwe, chatterjee, robust, hvz, sen, acc, charnes, verma, buckman

mkt, soe, smei, immigration, stimulus, dialecticism, vech, hout, mspe,
awardees, nisbett, demarkers, belitski, buccheriandf, orac, falahat, frg,
abosag, rodgers, boucher

patent, droplet, change, network, forecasting, centrality, inventor,
evolution, convergence, invention, forecast, publication, tpt, document,
pii, industry, tech, emulsion, engineering, tda

aquaculture, food, fish, seafood, tuna, turtle, shrimp, fao, atlantic,
fishery, ocean, msc, impact, coast, lobster, seamount, animal, feed,
pacific, demersal

vessel, boat, noise, permit, owner, sound, observer, pilot, whale, source,
frequency, quota, impact, detection, alaska, mammal, grid, mitigation,
itq, pollution
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59
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63
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effect, buyer, store, sale, concern, manage, revenue, fairness,
advantage, impact, firm, marketing, purchase, peer, competitor,
environment, entry, advertising, allocation, ofine

chile, hawaii, chilean, peru, ecuador, glass, universidad, gtx, maui,
expansion, typhoon, lagos, los, sdm, internationalization, episode, voter,
correa, castilla, facultad

risk, platform, blockchain, contract, wholesaler, averse, aversion,
industry, covar, remanufacturing, transaction, impact, manage, tier,
coefficient, luxury, coordination, utility, attitude, asian

crime, accessibility, audit, pioneer, auditor, liaodong, police, walkability,
dyke, pedestrian, multimarket, mover, compactness, entry, ewing,
sprawl, ldw, lieberman, arakawa, fraud

investor, effect, asset, ownership, industry, shipping, finance, test,
announcement, control, leverage, shareholder, dummy, column, debt,
drobetz, firm, liquidity, financial, threat

vehicle, travel, station, train, transport, demand, passenger,
transportation, transit, car, mode, taxi, road, driver, stop, highway,
equilibrium, ride, congestion, pattern

entropy, efsa, csp, eigenfactor, saltmarsh, osa, fyp, ngd, fyps, cda,
menkes, cpc, jif, nef, gmos, gmo, fairclough, alf, theil, tropy

contract, fee, operator, welfare, proposition, bot, revenue, concession,
duration, requirement, surplus, finance, reward, regime, operators, proof,
fund, deregulation, operate, demand

change, barrier, challenge, participation, place, environment, concern,
nature, public, communication, focus, perception, lack, outcome, theme,
engagement, principle, interviewee, reason, position

brazil, wind, janeiro, universidade, federal, collision, turbine, bahia,
grande, brasil, nacional, bra, neve, amazon, avoidance, soares, pereira,
chick, ciencias, carvalho

network, transportation, hub, node, constraint, demand, path, link,
facility, optimization, distribution, pair, allocation, assignment, bound,
destination, formulation, penalty, integer, iteration

vehicle, delivery, constraint, window, depot, load, pickup, schedule,
heuristic, gap, rout, request, tour, formulation, inventory, experiment,
node, avg, bound, procedure

truck, platoon, link, road, fuel, trailer, commodity, county, platooning,
trucking, pair, florida, save, formation, rest, edge, profitability, faroe,
error, percentage
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oil, holguin, veras, tanker, pipeline, ballast, kuwait, charter, aframax, vlcc,
beta, suezmax, arabian, layer, ryerson, gatar, ows, friction, waf, strait

water, surface, pollution, source, concentration, station, distribution,
coast, depth, shelf, bay, region, environment, ocean, core, discharge,
matter, column, layer, north

dab, mmse, shv, fkdlg, thevariance, exvighvv, virtanen, cegarra,
buhlmann, mississauga, demetrescu, xsso, titova, frpshwiwlyh, wzr, nid,
pdlgo, terasvirta, golosnoyanda, kauppiandt

wave, wwitp, acculturation, sludge, ascidian, pinna, cfc, menor, host,
pillar, glyphosate, nourishment, rockfish, eba, sscs, huelva, bilbao,
herbicide, pva, otaku

storage, warehouse, machine, batch, picker, pick, assignment, situation,
effect, travel, turnover, retrieval, rack, tardiness, date, completion,
earliness, block, integrate, poverty

seagrass, habitat, biomass, seaweed, site, density, abundance, meadow,
zooplankton, restoration, ecosystem, copepod, disturbance, substrate,
bed, algae, macroalgae, plant, kelp, prog

ddt, blood, liver, compound, pesticide, pop, drug, occurrence, health,
antibiotic, congener, pharmaceutical, pollutants, muscle, dioxin, embryo,
dehp, detection, mdl, plasma

attribute, preference, utility, insurance, valuation, willingness, hov,
experiment, heterogeneity, replacement, sav, card, task, option, rule,
heuristic, purchase, logit, abou, module

crisis, topic, twitter, stc, tweet, facebook, sentiment, word, news,
communication, aparch, message, united, dataset, comment, mining,
public, opinion, koza, relate

recovery, paint, geochem, spectroscopy, spectrometry, epr, srm,
burnout, symmetric, barium, bioanal, kershaw, rac, spectro, voice, ceh,
spectrum, noda, clavata, measurement

crab, antarctic, antarctica, radiation, crustacean, biome, gamma,
callinectes, pagurus, carapace, setala, portunus, contreras, colonization,
dose, andez, copycat, gonz, minutum, chilensis

energy, change, impact, fuel, gas, electricity, environment,
environmental, generation, wind, infrastructure, european, resource,
green, construction, industry, cycle, source, building, challenge

salmon, canada, whale, pcb, seal, cod, population, fish, california,
mammal, north, atlantic, region, bioaccumulation, bay, alaska, affinity,
ocean, dfo, columbia
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eam, yangzhou, chaparro, locker, corrigendum, inconvenience, klopp,
accelerometer, gcrn, yrdc, yrdt, eau, rdx, prati, mchale, imu, irritation,
hendriksen, rasanen, shackel

cell, gst, signal, buer, nanoparticles, chromatography, transporter, tio,
perna, antioxidant, paes, receptor, iso, elimination, usa, nano, agent,
change, sigma, prr

mine, tailing, force, pml, officers, captain, maru, rest, duck, heap,
dearest, Ipd, vmax, today, letter, morning, god, sailor, board, yokohama

black, geochemistry, germination, saudi, app, tpp, african, amenity, red,
espirito, seed, arv, celis, film, tiller, act, coopetitors, burial, Icl, diaspora

sequence, atp, abundance, bacteria, colony, dna, diversity, genus,
population, microbiology, pcr, spp, site, dit, bleaching, primer, pattern,
tolerance, coli, resistance

logistics, transportation, transport, carrier, cargo, shipper, shipping,
shipment, consolidation, container, express, hinterland, distribution,
mode, volume, agent, selection, inland, seaport, delivery

cancellation, pvc, octopus, tnt, sps, vulgaris, nap, holmes, hemprichii,
fleet, agent, lure, cephalopod, cancel, medrano, codex, afternoon,
sternberg, tca, kirstein

cluster, feature, network, rfid, prediction, technique, machine, ieee,
smart, accuracy, gps, simulation, conference, international, fulfliment,
sensor, pattern, layer, error, record

concentration, metal, pollution, contamination, tissue, risk, pollute,
mangrove, mercury, toxicology, contaminant, accumulation, health,
organism, environment, soil, toxicity, chemical, copper, pollutants

inr, career, rca, auriol, holder, cfl, zellers, jpy, brl, taleb, yoy, melas,
bullhead, kuhn, ribot, inegi, vwudwhijlf, frvwy, tartu, veryhigh

tourism, cruise, luxury, tourist, destination, urchin, passenger, tour, iata,
itinerary, hotel, travel, industry, insecurity, cabin, impact, baggage, ewr,
fageda, accommodation

disaster, relief, emergency, alliance, uavs, uav, evacuation, detection,
resource, position, coopetition, demand, facility, rescue, procurement,
earthquake, ambidexterity, exploration, path, ambiguity

expert, collection, output, waste, priority, selection, rank, fuzzy, hybrid,
door, technique, population, workload, weee, maker, frontier, impact,
procedure, rating, moghaddam

exposure, stress, protein, toxicity, acid, concentration, expression,
water, compound, treatment, degradation, seawater, control,
hydrocarbon, bacteria, test, organism, enzyme, biodegradation, chemical
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93

94

95

96

97

98

99

100
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resource, ocean, convention, conservation, agreement, protection,

nation, environment, security, united, international, marpol, act,
authority, mining, water, woman, maritime, national, commission

emission, carbon, reduction, effect, environment, pollution, energy,
adsorption, impact, intensity, gaci, change, gas, air, coefficient, lusher,
contam, ghg, mtns, pollutants

change, forecasting, enterprise, collaboration, resource, industry,
source, transfer, productivity, tech, novation, smes, oecd, economics,
intensity, advantage, forecast, impact, ability, manufacturing

perception, attitude, adoption, intention, satisfaction, acceptance, trust,
norm, benefit, influence, measurement, loyalty, sem, test, validity, pls,
psychology, commerce, environment, hair

board, inspection, ceo, director, tmt, violator, meeting, enforcement,
tenure, control, diversity, succession, compensation, spc, executive,
fraud, hambrick, seeker, intensity, effect

fishery, fishing, catch, fisher, fish, vessel, gear, resource, shing, quota,
fisherman, landing, harvest, trawl, bycatch, biomass, distribution, net,
water, limit

manufacturer, demand, profit, supply, proposition, quantity, pricing,
equilibrium, transportation, proof, impact, increase, contract, inventory,
manage, option, effect, utility, theorem, lemma

ship, container, vessel, speed, shipping, fuel, maritime, terminal,
tugboat, cargo, transportation, voyage, foot, liner, transport, impact,
emission, drayage, repair, carrier

acquisition, auction, bid, coverage, deal, acquirer, provision, low, proof of
proposition, divestiture, synergy, bidding, merger, bidder,
establishment, analyst, similarity, relatedness, audience, seller

4) SNS(sHZ=Z0F)

EZID

1

EL 7|9)E
JENM, XIFY, oFet Hdd, d9+5], 252, AR, 8=, BMEh JAH,
LS ML, 2effls, S8, #AY, AugH, 67|, RARRE], FTUKAI
Y, 715N
O9fE, 2He, HA0E, SR, HUC JUE, Y2ES, 285, 71289,
WY, WSH, MUTH, sHML, SY3, THH|H, S 7HYETF, At &
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bldlel, HEa

=, A}, WY, AN, AME, SSXX|, SSEAL FAK, S, B2
3 9 BIh=, ALE, S0, £, YA, S-UA, =71, XRAE, &

2718, 71EXIH

oliohd, ZHIN, Y=, 7IAls) WEN, WSEsL NERS, =719, SEAL
4 H=FY, kaist, 117X, Qulst, A2, HEH, HHAS, HOAL JHUAN, Y

ad, S=l9d

A, 3G, SSH, A, &, 28X, 27t o, tls7t SR, A=
5 ol 3RS, oA, ZEE, TANE, MEIL, SY=E, 7ISKId, 7ARE,
FRURRAHEY

S, SURX, O1d=, 2y, st elel=d, orgd, A, M3,

—OoL-Hd, = =, ’

6 CHAK, SHS28, XIRAME, 71X, SiEad, FY7IY, d&A, salt, =71,

AME, HEAS

SH, B, kimst, 7[5}, SR, FAAS, 71dAs! AT, led, 2GS, ©
7 gE, XL JEEA, SER, BYVIY, ARMSE, 7, 7IEAY, RAlEE,

salt

AL, G, FEHA|, FHA, A=H|, 07|, 2EHe}, dna, g, 4=, Y
8 2 ASESEIE B2, YA, RAIRL, 71X, XIRME, FHAS, M=

e, SEX

SUE, BTGt HUH, uS+H, d=H|, Uas) XA, SEfHE, A=

O = ) 1O Oy O
9 U =AY 0 AFLE, AN, YSE, BEL, HSAEE, 18R, S8
o1, 7IEAd, FUNMRIANEE
el7ls, X8y, oH, 253, @oeld, 7|, EHSAE, sXY, E8AL 8
10 2|35, A, AMESE, 2EA, ZH6E1E, B47I12 7S, g9, 2iEd,

=3, s5XA

O, SERL AMHZ, 2, 2ok, AP, A=, @4, B2, &H(7|2F Aol

=, 342, ARHS, X S84 THEIL salt, AFIQIE, &=
Ju

" =
=
M, ==0], APLfH, HAF, 0O|SEZ, MYA, MWHEMY, 54, AHEX],
122U, A2, BEY, 1y, =258 YN, S5, FY7IY, &
301, H57
=22} 017 |=, Jad, LA, 27|12, 25X, JHAS, X, XIRAE,
13 SIESd, A, Z2H0[RQEA, XME, FHISE, ME7L BA, fAl2E,

[=2)
=] | O I AHA
ID'-_|7|y x|'ITA—!E, oT T

HA7E=, AF=E, YA, OAX|, Y, +31H, 7|, H8Sd, QK|

14 | M F3|9M MY, HE7|, XA, iSAE, FORX|EY, BAA, A=
X, salt, HHAS, LA

15 =729, 4, fHAL =4, AL SIS, =S, SMR, SARL HOEXY,

332



4
Ju

E9 1D £ 7|9c
S5, AYY, salt, S22, U, AFASZ, S5+, HSUTE, =588, o
=]
YAIOIZE, O|LtaiEta, UBIES, AT, AP, JtH, o5, st HF
= o u]

o1 ) ’
16 S5d, WM, MY, S, oA, FUMKIRHY, SEUX, ditwd
s}, AHYUA|, sffecet, &

OHQHEHA|, XTL2tel, FAIY, SEYE, HSES, 2HAHY, 3=, 555, 54
17 AAY, A59F BT, salt, JEUA, Z2H0|QEA, RARE], ALY, XF
AE, YEAS, RME, diSHE

HITSH, MYE, HBHE, Y], 22, U, F=4, 25, 7XA1H2, X
18 RAE, QdSel YUds, &Y, EF5, =71 AR, 7IEeAE, EUA,

FURXIAEY, ME7t

Sdaf, N9E, BEY, AR, @52, +aA, Tz, 0jeid, oKt 71K, st
19 A 2t BSAL EHE, MTICHAL Z00SHA}, YA, QIMOIE, KR4S, Al

A
o/

-

ZEUES, A=, 7IEAE, OfatA, M2A, Algtd, 2eHESE Olfaf, Ay
20 HSF AR HEIZ, GARSE 2IEFS, HEE, ditedadt 7isAid, dY
S, ARAE, ddEy

)

OOI‘

212 M, MEIE, ALY, HE|, 27, XIS, s, =7eelot
21, A7, RS, AQlHA, HEER, 287), B, AN, HESTISt

71, FRIRRIQIRY, RAITR, SAQURT;

ZHIBE, kriso, A, TOLY, CHIML BB10, SR, 2T, S5, ZATA,
20 7T MSUEQTNHIA, BUSS, MafHs, FHEE, 2544, HTS,

MHE7L XRAE, AME
kiost, 2SI, L2}, Q15 9|d, tH7 |2, HIO|EIH|0|A, S|, MAIZ, X=2l,

23 2y dit=, S8, MEsL, S8, QLT HAR, d3F2E, RAR
f

|
OfeiZl], 2, AAT, 7H58t K|, LR, K|, Sl FAHAE, =37],

5
NS, H=7), S

)

24 HOEH YAER| MEE, A7IFE, HEwE HHYH, 3, &S
A8, 7t
UEN ANE, MY M2, AS, ARY, LoHH, 7|5, LI}, AL,
25 LN DHAR|, AKRAL B3R, |28, 627, 2812t 2019, +3EE,
7|2
—

THT), 712, MEITE, AN, S, 20N, 8

o L T O, = [ it
26 L =Z, AN, EEAL AR SEE, HAS, oiees), MieEE;,
Y|, FUAXPEY
SZAY, FAL HEE, 2E, 287t EH, o2t Lt 454 SE2371,
27 Z=E ZOAL, JEUXN, YUEaa, AHH, PIFE, FHYH, FURX]
FIEY, oiYdelcel, S2od
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SRR, TEY, TAL, 2O, HE, ATLS, U, TEES, MEX, BZH, 2
28 R, TR, A9, QAITE], UZH0), HHTUE, 554 AR, FOIXRI9
2, 7|EX/

=

OFALY, CHILE QI3 RIHS, 2SO, ASIEAZAEIA, MY, HE, S

od
29 TR, AT, BN, LA, QO/0], A, TS, XL Tt
£3, A2, AIRAE
2R, 3BZ, TS, 4B, 745, GRISE, 9201, T5F, I, ¥, T
742, QFI72], EEHE, XIRAE, salt, AR, H27|, AR, B2HH, X

Tlo, o=/
=2, 7|5, A7, 7kl A, AEE|2Y, iEdt JEbe, 452,
31 Hl==7|, =, X7 (A, QS S}, 42, YA, FRUKX|YHE, XFAE,
7|EXH, RARE, HEHHS
SHEQH MEXIH, MEs] Mz , :
32 HIH|XY, A&, CHEE, IR 7|, A0 R, S5, YA, &S, 27|
&, M7t
A}, R0, SN, MAA, BAL 22, HE
33 | IAPI 712, M, OEY, 54, HHEAS
of, AA7|™
SHULA|, CHEMHE, 2, ag, MU et
34 | ANAY, BRES, AKX, OIXY, 7|&At
71&X¥
AAZE 7|M|, A SN, ocean, CHES) ALY, , :
35 |HEAR, 4SAE, SN, AIAE, Fst ZHIY, 7|1F, FOKXIEY, 7&K
o, oietat

IS, AMed, a2, M, AAZ, HARL 24, MEdshs, UM, 71SH, 2

30

e

Ens

36 HO|, BIEUTA, EHY|, TET| RIQAE, S5, WS, SXlza), 74K,
A
Rl M, 07 IS, 715907, RIS, US, 52K, THE, 5o
37 @, WEK|| MUY XTE, HAX, AR, FUKKIIUE, T, S-S,

SURYRL, 72, SE

AISY, HAE, S01, FAIRY, Wi, U, 87|, £, 8%, 3o
TAIR, G455, WS, ZHLT, Ao |

38  YTAH, ,BT5 5 O, LAY, TS, S2IUY,
HHYS, 7 IS
SEET, HSE, AU, MIATL HEUF, I8, A, 22|, g A,
39 YA, YUY, SEUA, SR, FAIRE, salt, SISAE, H57|, ARAS,

Afa1ee
EINZ, oY, @822, FHIY, HYA|, R, REA, BEVIE, DIMER, W
40 SAE, ZR[SL ALY, SHEAE, XIAE, Z2H0|2HA, FHEY|, SEUHA, 7|

SR, Y, ARAE

Of
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T2y, UEAIS, ict, QS A5P7|, £F7|, A7ES, Feid, 28, TAS
2t GEA, B4E, =R, XRME, salt, SiSHE, XIAE, 2260|252, FY

y OT-T
/1Y, =7

M=zgl Aelseias, Aees, s, 3, 6Es/tL S8Y, 2e=d &
T, MUK, salt, MI19{, SH=2E, XiME, 57|, HEHAS

o, S, RAR2

SMES, EZ|, FOrAIE, ity
Af, Mz 2O, FI0HA}, S, EIRE

il ocoo=a, X y Hi—
YR
RN, KIZZ, AIKIZ, AILHA, 7FSE, QOIZE 2HX|, SR, Z48AI,

des, B, MAH|, SGAY, FY, Gt A, dS0, SRR,
AR, A

DRAE, S, SAIY, OFF, HAZ, TEH|, SEEA, X2, 2

il_-lg —,% » O o ) O ’ (=3} o s 1T
B, FE0, FAMY, MEE 2, A2, YA AZSY, TYE, A2, A dE

o, HYHE, QFA|, 22, HYLHAIH, SEAL T
41Y, uce, D7 ISE, HEE, RAIEE], HEEEE, SR, salt, Af

Oy L

to
H

[
o
ro H

)

2,
D9/, H=|

HOIAL, EMA, MR, HUE, QULN, SHSAL, I87|T, 7, YU, 4
|, 261, HIH1E, 83T, (1528, S22, A2, BUEY, 4B0H, i
3iesh, ARNE

HISIZ, MAIR|, X2I%, sw, OB, OfiCiel, AEIEQ], sl THBE, 23
2,22, SADIet, AR, AQAE, Seiol, HBUTE, HEY, NTRE,
HYs, 72X

=]

2
ne
[

i, YAHY, AEet 28X, 021012, 5%, DX, 20, 758, =

=5, 2A=, 28, A=Y, 2, HAEHAD, MIHA, bastion, ZHAN, X
A, FUMKAEY
offd2el7|, 1=, ettels, AEiZAL HAAE, 295, XM

Bl

=
LY, SYY, AUSH, HHA, R71d, IV IE, SitetEa, 2

Jees}, XARAE, Yirdan

AL, =lel=, 7|
[, FAlE, off
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WY, GE, S, SIY, FEX], OMSEA 0|2, 55
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W
HU i

SI2, A, SHO| KHI0|E, 28LE7F AR, T4, GIRHY, SOt MEHR
JIZHOMOL RIS, AAAS, THK, SB4, BN, PHOY, 15

) Oo=20; )

LA, DAL MY, XA, MBS, AR SEIAR, AR, B, =24,
dEH|, &3, Ipg, ZFAI, HAIE, O, EA, A, XA

MEE, FIAAZ, led, HOY, O|F, +MAY, SIM, G&E7 (ot HHE, M, At

o
s[B3YS, =710l I0HS, TG, 22, N, SR, o8, SER, AT
OfSPAIS, T, B5, AL, 082, X}, 271X, O,
7 AR, oA, M2 QY Y, YAHT, 1Y, SHE, &4, 4
SI-EX-”
oo

ot

=
ony, &

H]
=]

ASSH, HUXL HAIZ, B, vis, A, dES=
10 2, AR, IELS, 718, e, A=A,
HHOE, AGSSH|

Bxg, ofFat KUY, 25X, ¢o=, 25, 209, SU%, g,

%12
BAfR, SRHA), PR, 4D, S5O, T, T, SolN, FA%, Jjol

—
M=, X1Eel SAME, SRR, 7t d=, iR, =538, us+H, W,

rz
Pl
e
Tor
I
s
oz
oz
ETN
fo

[N

12 DEH, WK, HDR|, BRI, SHBS, WAL fish, SSER|, T, 2

o ’ [eF) ’ il o ) A, ’ oo il il T
2=

13 ABRVERIZ, SQ(0ja, BHEQITaL 01, EE, SAK, gavis), Kt By

R, B, UMY, 2, OESIYTY, KR, HAT, 2BHEATMHIA,
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A
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B, 23|, 3=, X8|, oA, ﬁaiL—.—HI A=H, LY, AZ7(Z, O]

EX, WYL, HXE, £, kdi, O3, &=+08, 7|, +42A, 7|43
ab XU

Sitz, OfAX|, MSAIY, (2], A}, dade, SEAL HAIY, RYA, HY
OLE, TIAS, HMeH|, A, SHH|, 48, S, ME2E, YXT0Y, &
Ciel, et

Y7 let, ERMHXS, 52, OFE, MFMY &*Eﬁ B2, SEAtEs) 715
| AME, AN, KBA §RT|S, SR, A2, 00|, B2 KAl X[}
A, 71
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& :
STPA, WA, SAHA, SfitAL, EHHIXH EFEW HZ AP, ZRIAZE, EolSE

e, At

)

OFAIY IIOYAN 317t SHEE XIS, SFECHS KA
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=2 : % |
H|, HSAL 2A7|, RELE, ALE, 238 R0, MEA, 3H°F¢ﬂ$’é“£

AL
o, 224, 45

olorz, Ik, MAE, 027t SEE, SOIRY, EE, SR, BEHYZ

M, AMBE, O=Y, U=, AFERE], of=0f, =8Y, 82X}, MTUBH, 2Y
Ex| KU, HQ|0Al

Al
Dol O|R 7|, WSIH, sim, dna, M3}, f712, $AP |2, &

’ = o [ELy)

o
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3. $AH20F SD B Equations

g NE

INITIAL TIME = -2
FINAL TIME = 20
Time Units: Month

TIME STEP = 0.125

2H[Xle] 7|9 2E

719 Big)=(Q]R FHO] Hol-AlAo)] st £HIRES] 7]9))/7] e RGSR= AJZF
Units: 1/Month/Month

719} Z5He AZI=IF THEN ELSE(Y): 2.9 vlsh=rpzlo] tjet 2539 7]2]
F2lo] WYE o ZYHE A7k FH0] AAF i ZYEE= A7V

Units: Month

Akglol gk £8]xF9] 7%= INTEG (7]9] ¥2},0)
Units: 1/Month

AR o] B A1 =0
Units: Month

7 FHO] VIBI=STEP( 1, AFdo] el AE)-STEP(1, 4] A71E AIF)
Units: 1/Month

sZo] By o 2YEHE= A=3
Units: Month

sZo] AAH AF=2
Units: Month

sZo] AAE o 2YH= Ald=6

Units: Month
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719 BB]=(Q]F FHO] Hol-AlAo] st £HIRES] 7]9)/7] S RFoR= AIZF
Units: 1/Month/Month

71918 Z3H= AJZI=IF THEN ELSE(9J% §29] Wsh=xpzlo] ozt £113pe] 7],
Flo] Wy o ZYHE Ajzh FFo] AAE B ZFHE Az

Units: Month

Apzle] djek £8]1e] Z]9j= INTEG (719 ¥21.0)
Units: 1/Month

AR o] BRYSF Al =0
Units: Month

GF FHO] BIBI=STEP( 1, AFgo] WYel AJF)-STEP(1, 5-4°] A7E AJF)
Units: 1/Month

F7j0] WYY 1 ZHHE Al7=3
Units. Month

4o AAE AF=2
Units: Month

Zo] AAE o 2YEH= Al=6

Units: Month

2H[XIL| 7|Y REAWM J1A-+Q-85 71X ZHO Z

o

7F= INTEG (714 @2}, 1000)
Units: won/Units

7t H3j=(29] wep ge] AREE AV 7 - TFE)OFE 2 AR
Units: won/Units/Month

714 G2 WG] W £08 WSEHE JE FR(+STEPGE W2} 29 12, £
2 ¥} A7)

Units: Units/Month
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72 24 A7
Units: Month

ZHEo] el g BE-¥=0.1
Units: Dimensionless

o] el 2 EE=-0.25

Units: Dimensionless

|

FEY=IIE FFY 1/ VIE HE G7] A HE] HE B HEY

Units: Units/Month
719 derg=-1
Units: Month
V& A (27] 712)'=1000
Units: won/unit
7lE FFE=100
Units: Units/Month
ApAof This AHI%HS] F]ol= INTEG (]9] ¥5k0)
Units: 1/Month
TR ¥l A1F=0
Units: Month
8 W2 Eo] Hg=A1ZI0 et 41 Z]o7]e] HEke
Units: Dimensionless
FR/FE T TR/ FTY

Units: Dimensionless

TR/EH #FO| 71 TR TR =R/ 7T /3E wFol ¥

F2 71E UEE
Units: Dimensionless
FR/FF #Fo] IS F= 71E wgiE"=1

Units: Dimensionless
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Y2 Y] d #0F WPCIE/VIE 71E (27] 1)) 7HEel o

Units: Units/Month

TR oo} g AAEE A IFE=7E R /FE 7 F0] 7FE Y Bl TFEA]"
Units: won/unit

FHz 7lF 72=100
Units: unit/Month

IS0 88 X - Y BY =

TH- 72~ B AAE TEF reference’=T2%
Units. Units/Month

RS g AF 7R=7FFE Y E THRE R
Units: Units/Month

TFE SRRE H=MINCFE-S €% 62 E =2, 7188 98 58 E/FA]
ZHA)

Units. Units/Month
TFE FEE 2P
Units: Month
TFEE AR I A Z7] gl=RER] plEEe] TR Al
Units: Units
TREE il £Y BRE=TIEE REY B GlF] Ao+l e 95 8
Units. Units/Month
TFE TRIE 2] g Al B
Units: Units

I & ] B Gjb] Ao]=VF3-E Al HHE-7IEE HF §E THIE)/E P

E RYRIZF

Units: unit/Month
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¥ &2 7= INTEG RIA] SPEoIA] 7R-8-22-718 k& 7,
RS ik 271 7D

Units: Units

7

e

ol

[}

7}EE WY EF E £0="71F-50-FF B ARH $2%F reference"9
Units: Units/Month
7rEE HF 8 HEE H A2 ol A7
Units: Month
7IEE- A EHE=1500
Units: Units
FFY A=Max (0,95 +2 A)
Units: Units/Month
5 B=Max(0,95 +2 B)
Units: Units/Month
A LY (CFEE)"= INTEG (-*IX] /g0l 782 2+3853 A
TFEE AR Al A =7] gD

Units: Units

W) P (4 )’ INTEG (B9 B4 JEgols] 141 4022,
252G 3] YUY AL 27 7)
Units: Units
AR PP 2 AlZE=0.5
Units: Month
LER] FPEgOlA TR S e 2="XR] Y O /E H & ke w2

2 o] Az}
Units: Units/Month

] SJBFGNN] SI4 SAHEE"A] B (I B/ F-4hE e BAE o]
5 Az}
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Units: unit/Month

SHA] SIO] T KR B o] Xpo]=(44X] S TFEE A B 9]
B 138V 8 25 Al

Units: Units/Month

LR PIHYL] TFEE A FH=IFEE E RY FHVISS € 5 iE #
Az o]s Azt

)

Units: Units

B3] SEF {131 7R BIE o] o=(3] S A FhE A B3]
S (18] F52))/HH] S 27 Al

Units: Units/Month

AR Y 414 AE AT BE=A 408 FE B 240 B 92
o}E AlzH

Units: Units

FRG=T}E GUS W] F 1Y WO/ IIE M (2] 7)) 71Fl b
&8 gy

Units: Units/Month
A F4HE= INTEG (RER] oA /I T4REE-414 408 B,
A 4R 27 )
Units: Units

R ke B gj] Aol=(H kg AL JBH-NH IR/ ke R

RERIZF

J
HE.

Units. Units/Month

AR R FR="TH-72-&w YA AA[E TEF reference”
Units: Units/Month

{4 HE A2 FHE=400
Units: Units

A TR RY FH={ FRE B OfH] Rfol+14 ME g5 R
Units. Units/Month

A R Z7] F=414 4 A2 EH
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Units: Units
L = T A2 o] A7F=0.5
Units: Month
A g HofE= MINRIA 74K 78, {141 41/ F#AZF B)
Units: Units/Month
A TR PEE 2R
Units: Month
R FE IS 72414 E 2
Units: unit/Month

AS 28 A=7]FE $EY EFI fjH] XJo]+}IX] YEFO] FEE M EIHE ojH]
ZJo]+7}a R djS =R

Units: Units/Month

A% 2 B=ild] -G B ] o] kx| SIEHGS] 4141 Sk B o] Aol
o FE oS 72

Units: Units/Month
HEE ] Y AT 27 G=tbx] R A SIE A B
Units: Units
Bt AIZF A=1
Units: Month
FatAlZt B=1
Units: Month

I RS 29 EF

TH-78-3 HYoNA AAE TEY reference’=T2F
Units: Units/Month

T $RIE qF =718 HF 8 ~E R
Units: Units/Month

366



I

TR ik B=MING 71 HF S8 TilE 7R, RS 88 5E T/ FdA
ZHA)

Units. Units/Month
e BEE ZYN=I
Units: Month
T}2L AR RO BF=7)3Q SAFEO] By hlH] Xjo]+TJE AR )& 9
Units: Units/Month
RS TlE 2] =S Al B
Units: Units

7FeE TikEe] B HjH] Afo]=7[3-& Al HHE-IIEE HF $E THIE)/EE P

=5 RFAIZF
Units: unit/Month

7§ HY E 7iE= INTEG (A 7k EAIgolA 782 2-718 +¢4&
o, 718-E ik 27 7D

Units: Units
JlE-E HF FE E £8="71A-50-FF HEoJA] AJAE 2T reference”
Units: Units/Month
FEE HF &F TE Hof 9AE o] Al=]
Units: Month
71E-E A FEIHE=400
Units: Units
A TR EOjAIE = INTEG (-4 548K ErjAIEolA] 713822+ FH F5%,
A R EOAE A =27] 7D
Units: Units
A TR BRI A 27] glEFA] ik EOjAEe] TS Al B
Units: Units
A g EOAIY 2 A17=0.5
Units: Month

A g B4 TREE- 0 2=A] ke =AY/ S Y §E ke
T G2 o] Az
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Units: Units/Month

A 412 BTG THEE S4ME B o] o]=(A] S4HE ETAH] T1FE
i Bl GRS A S A 28 Al

Units: Units/Month

T FIE EUAR] G AT BEIIEE SE 2 BEVISE 9F 52
SiE o @Al ol A7

Units: Units
e FFF=Max(0, FE 9= +=82)
Units: Units/Month

Gel A 707138 1KY BIE tf] Jol4 ] SHE BN 15 FiHE
BE o] Hoj+7]F +IE A% 72

Units: Units/Month

FRFN GFS V] H 18G MPCIE/IIE 1E (7] 71E))HEe o
o g ey

T 2570

Units: Units/Month
fS’w_/(/{I' A:]

Units: Month
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