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Abstract

The industrial revolution has led to global warming worldwide, Problems are occurring around the world.
Despite the seriousness of the current climate change problem, little research has been done on climate
change risk management. Therefore, we need to study risk, a key element in responding to climate change.
The purpose of this study is to analyze the likelihood and impacts for the effective management of climate
change risks. To do this, we employed expert questionnaire survey on likelihood and impact of climate
change risks and conducted a factor analysis. As a result of the analysis, this study identified the characteristics
of the factors that were important in the risk and confirmed the difference between likelihood and impact
of climate change risks. Finally, in terms of climate change risk management, it possible to effectively manage
climate change by classifying the risks that need to be focused on preventive aspects and the risks that
need to focus on responsive aspects.

Key words: climate change, climate change adaptation, perception, climate change risk, risk assessing
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Table 1. Definition of sectoral risk

Classification Study Definition of Risk
Policy Analysis Morgan & Risk includes exposure to the likelihood or loss of injur,
v y Henrion(1990) p jury
UNDHA(1992) Expected loss (life, injury, property loss, economic disruption, etc,) caused by

Disaster

specific disaster

Smith(1996)

Risk = Probability X Loss from Specific Hazard Generation

Stenchion(1997)

Possibility of risk contributing to the occurrence of a potential disaster

Crichton(1999)

Risk is the probability of loss, consisting of three components: hazards,
vulnerabilities, and exposure

Downing, et, al (2001)

Specific disasters for specific regions and periods, Expected losses due to
disasters (life, injury, property loss, economic disruption, etc.)

The probability of causing harmful consequences, or the expected loss due to

Climate Change

UNISDR(2004) hazards and vulnerabilities from nature and human behavior, Risk = Hazard
X Vulnerability
UNISDR(2009) Risk = Possibility of event X Negative result
Kobayashi & . s
- X X
Poter(2012) (Flood) Risk = hazard exposure vulnerability
e The function of the magnitude of the effect and the probability of the event

(2001, 2007)

Impact can be positive or negative and risk can be measured quantitatively
or qualitativel

Jones & Beer(2003)

A combination of probability and result

Defra(2012)

Risk = probability of event X scale of event result

Lee, et, al (2012)

Risk = disaster X exposure X vulnerability
The risk from the triangle of disaster, exposure, and vulnerability means loss
probability

Climate change
and industry

Australian Government
(2006)

Risk = likelihood X result

% Source: Chae, et, al (2013)
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Table 2. Sub-items by category survey contents

Code Contents Code Contents
1-01 | Common infectious diseases caused by wild animals 9-11 Water quality deterioration due to algae due to rising
1-02 Increase in food poisoning and waterborne infectious temperature
diseases due to precipitation and temperature changes 9-19 Increased risk of fish population death due to
Summer morbidity and increased infectious diseases temperat-ure nse —
1-03 |due to temperature and humidity rise (building 9-13 Desl‘cliuctl'on of W?Fer supply facilities (dam, water
fungus, fungus increase) purification facilities, etc.)
. . . Influence on the operation of waterworks facilities
Increase mortality rate of chronic disease patients 9-14
1-04 d . . . (waterworks drugs, manpower, etc,)
ue to rising temperature in winter
Water quality deterioration due to rainfall pattern
1-05 Increase in winter morbidity and infectious diseases 2-15 changeq v P
due to winter temperature rise (malaria, etc,) - - -
- — 9-16 Economic losses due to heavy rain and river and
1-06 | Allergen increase due to rising temperature (atopy etc.) canal-related transportation and industry
1-07 Increased morbidity and epidemics due to rising Destruction of repair facilities due to flood (river
temperatures 2-17 bank, etc,)
1-08 | Increase of mediator disease by mediated insects 2-18 | Increased frequency of storms threatens dam stability
1-09 | Increased mortality due to heat 9-19 Decrease in river water intake due to freezing of river
1-10 |Increased warmth due to heat water (stoppage of water intake station, etc,)
1-11 | Increased cardiovascular disease due to heat 9-90 Degradation of national water resources supply due
1-19 Increased impacts on vulnerable populations due to to rainfall patterns
intense urban heat island phenomenon caused by heat 9-91 Drainage facilities due to increase in urban sediment
. ) drainage
Increased winter mortality rate due to abnormal low
1-13 temperature phenomenon 9-99 Damage to repair facilities such as dams due to
; 4 1 1 ) . increased soil and turbid water
reased respiratory disea; to abnorma
1-14 | Tereased respiratory disease due 1o abnormat fow B Degradation and paralysis of airports, highways,
temperature phenomenon 3-01 : . .
: : railways, etc, due to flooding due to heavy rain
1-15 Increased cardiovascular disease due to abnormal low Declining function and paralysis due to highway,
temperature phenomenon 3-02 railway, etc
1-16 Second bealth damage caused by drought (malnutrition, 3-03 | Water shortage required for building maintenance
mental illness, etc.) 3-04 Decrease urban greenery function and risk of drought
1-17 | Increased mortality rate from disaster due to drought
1-18 | Increased injury due to disaster 3205 Ground subsidence due to heavy rains and increased
1-19 |Increased mental illness caused by disaster risk of slope and retaining wall collapse
1-20 | Increased injuries due to falls on ice 306 Increased risk of collapse of rivers, bridges, etc, due
1-21 |Increased mortality due to UV exposure to heavy rainfall
. . 3-07 | Influence of flood—related infrastructure and paralysis
1299 Increased disease caused by ultraviolet exposure
(skin cancer, cataract, etc.) 3208 Increased risk of damage to cultural properties and
sites due to floodin,
1-93 Increased mortality rate due to short—term sudden - - g -
weather changes 3-09 Flloods increase disaster waste and waste mixed
- discharge
1-24 ggfgzsed disease due to short—term sudden weather 3-10 Increased risk of collapse of old buildings due to heavy
Snow
1-95 Increased mental illness due to short—term sudden Infrastructure facilities (public cultural sports
weather changes 3-11 facilities, health and sanitation facilities, etc.) by
2-01 | Drought—related river runoff increased snow load Increasing the risk of collapse
2-02 | Eutrophication of rivers due to drought of structures
2-03 | Lack of drinking water (drinking water, etc,) due to drought 319 | Degradation and paralysis of traffic facilities such
2-04 | Drought-related shortage of power generation water as roads, r'allways, and subways due to heavy snlow
2—05 | Lack of industrial water due to drought 3-13 Inqgased risk of damage and collapse of hypothetical
buildings (greenhouses, houses, etc.) caused by heavy snow
2—06 | Undeveloped groundwater due to lack of water - -
- 314 Increased risk of homelessness in vulnerable areas
9-07 chretase;i wat}i supply gap between regions / strata due to heavy snow
ue to droug 3-15 |Increased risk of damaging the coastal zone
2-08 | Water ecological change due to rainfall pattern change Increased risk of cracks and damage due to deepening
9-09 Increase of water demand due to increase of crop 3-16 climate change
evapotranspiration 317 Increased risk of volume expansion in distribution
2-10 | Water ecological change due to rising temperature facilities (gas, oil supply facilities) due to heat
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Table 2. Sub-items by category survey contents(Continued)

Code Contents Code Contents
3-18 | Deepening urban heat island effect 4-93 Air quality deterioration due to increased volatile
319 Soil dryness due to drought, resulting in increased organic compound (VOC) emissions from trees
risk of soft ground and slope instability 5-01 Decrease cooling efficiency of power plant due to
3-90 Increased risk of road pavement and rail damage due increased water temperature
to high temperatures 5-02 Worsening water quality of cooling water for power
3-21 | Common infectious diseases caused by wild animals generation due to increased water temperature
Increase in food poisoning and waterborne infectious 5-03 Damage or reduced efficiency of power generation
3-22 | diseases due to precipitation and temperature facilities and transmission and distribution facilities
changes 5-04 Expenses for transport, storage and management of
3-93 Damage and paralysis of airport facilities due to raw materials
strong winds 5-05 Increased power supply instability due to increased
Damage and supply paralysis of distribution facilities heating and cooling demand
3—-24 | (electricity supply facilities, broadcasting communication 5-06 |Increase costs of climate change compliance
facilities, etc.) caused by strong winds 507 Increased risk of industrial water shortage and water
3-25 | Building damage caused by strong winds treatment cost due to deterioration of water quality
3-96 Damage to street facilities (signs, signs, etc.) caused 5-08 Increased energy costs due to rising energy demand
by strong winds worldwide
4-01 Accelerating the change of ecological status of species 5—09 | Decreased production efficiency
by climate change 5-10 Increased costs to protect production facilities from
4-02 Accelerating the endangered species of native and heatwaves / cold waves
native species vulnerable to climate change 511 Increase in demand for consumer goods suitable for
4-03 Changes in growth and survival rate of each species heat / cold wave
due to climate change Increase in raw material supply instability and raw
4-04 Changes in primary production of living organisms 5—12 | material price rise due to infrastructure damage such
due to climate change as roads
4-05 Dehydration due to lack of soil moisture and drying 513 Increase in unit price of industrial sector due to rising
due to drought in spring electricity price
4-06 Increased water shortage in forest areas due to rising 514 Repair cost and production cost increase due to damage
temperatures to production facility and decrease in efficiency
4-07 | Changes in flooding and floodplain due to heavy rainfall 5—15 | Loss due to delays in shipment
4-08 Occurrence of species in which spatial movement due 516 Increase insurance cost by rising insurance rate due
to climate change is a crisis or opportunity to disaster risk
4-09 | Seasonal discrepancy due to temperature changes 517 Increased demand for weather—related industries
4-10 Changes in ecosystem due to changes in winter such as heat / cold / heavy rain / heavy snow
snowfall Opportunity to increase sales in environment
4-11 | Soil erosion with increasing precipitation and intensity 5-18 |consulting industry, energy efficient appliance
. . . . - industry and new & renewable industry
4-19 Increase of organic spill with increasing precipitation
- and intensity 519 Reduced labor productivity and labor time due to
4-13 Increase of low water level due to drought and water precipitation and temperature changes
demand 5-90 Increase in construction demand due to destruction
4-14 | Changes in soil microbial activity due to climate change of various fac1.11‘t1‘es an(% 1nfrastru?ture
Variation of spawning velocity due to sedimentation 5-21 Increased possibility of insurance industry loss due
4-15 . to abnormal weather
and constant erosion - - -
Change of growth environment due to cold waves and 5-99 Increasing 'x'mnter recreational loss due to climate
4-16 . change (skiing etc.)
loss of greenery function —— - .
4-17 | Increase survival rate of pests in winter 5-93 Activation of summer recreation by climate change
. f L viold and carb ) i (water sports, etc.)
ncreased wood yield and carbon absorption due to
4-18 increased roduZtion of some species P 594 Degradation of worker accessibility due to abnormal
5 P i f pl T weather such as heavy rains and heavy snow
ecrease in production and quality of short—term
4-19 P a .y 1-: health, 2—: water, 3—: disaster / disaster, 4—: forest
forest products due to weather disasters o
- - / ecosystem, 5-: industry / energy
4-90 Reduction of cold wave damage due to winter
temperature increase
4-91 Increase in tree damage due to incomplete or delayed
hardening in winter
4-22 | Forest damage due to heavy rain
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Table 3. Analysis of health sector risk factors
Likelihood(62,43%) Impact(68,96%)
RISK factorl factor2 RISK factorl factor2
1-24 0.861 0.062 1-15 0.887 -0.149
1-23 0.858 0.249 1-20 0.873 0.036
1-14 0.848 0.062 1-08 0.868 -0.074
1-07 0,775 0,124 1-14 0,848 -0.209
1-08 0.762 0.440 1-24 0.813 -0.222
1-15 0.736 0.311 1-22 0.797 -0.031
1-22 0.735 0.204 1-09 0.785 0.497
1-09 0.735 0.521 1-23 0.777 -0.286
1-06 0.732 -0,054 | Health damage caused by | 1_qg 0.772 -0,197
1-13 0.731 0.119 continuous oS v an 1-13 0.760 -0.354
: : abnormal climate : - Health effects due to
1-10 0.688 0.475 1-21 0.756 -0.314 temperature changes
1-25 0.649 0.369 1-06 0.754 -0.019
1-21 0.602 0.385 1-07 0.744 0.411
1-16 0.588 0.218 1-02 0.742 -0.361
1-20 0.570 0.460 1-25 0.736 -0.197
1-12 0.567 0.500 1-04 0.730 -0.182
1-11 0.500 0.488 1-05 0.729 -0.312
1-19 0.383 0.363 1-10 0.672 0.630
1-01 0.010 0.872 1-16 0.610 -0.465
1-04 -0.142 0.853 1-01 0.561 -0.418
1-17 0.298 0.798 Disease caused by 1-19 0.347 0.769
1-18 0.384 0.782 temperature change and 1-18 0.514 0.763
1-02 0.481 0.743 disaster 1-11 0.619 0691 |Health damage caused by
disasters and extreme
1-05 0.094 0.704 1-12 0.415 0.643 weather
1-08 0.438 0.569 1-17 0.419 0.622
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Table 4. Analysis of water sector risk factors

Likelihood(69,46%)

Impact((70,02%)

RISK factorl factor2 | factor 3 RISK factorl factor2 | factor 3
2-22 | 0.882 0114 | -0.129 2-18 | 0.853 0,144 0,070
2-21 | 0,843 0.272 | -0.257 2-10 | 0.852 0.315 | —0.250
2-11 | 0,814 0,293 0,067 2-17 | 0.836 0.253 0,092
2-10 | 0.780 0,425 0.275 Damage to repair | 2-15 | 0.885 0.314 | -0.115
o-14 | 0771 | -0.189 | 0.259 facilities due to o-11 | 0782 | 0209 | -0.285
abnormal weather and )
2-08 | 0.656 0,564 0.054 | ooravation of the | 2712 | 0.764 | -0.024 | —0.066 Worsfmg of
9-18 | 0615 | -0.457 | 0.254 | aquatic environment | 2-02 | 0755 | 0.263 | 0.140 | waterside
environment due to
2-09 | 0.545 0.275 0.355 2-08 | 0.729 0.094 | —0.437 | abnormal climate
2-17 | 0,522 0,308 0,336 2-06 | 0.722 | -0.414 | 0.289
2-20 | 0,501 0,056 0.360 2-07 | 0.707 0,508 0,050
2-02 | 0,132 0,854 0.143 2-22 | 0.694 0.303 | -0.269
2-12 | 0,085 0,784 0,474 2-01 | 0.687 0,049 0.070
) ] Streaming of rivers a1 p 12 1
-06 | 0.353 0,779 0.180 due to abnormal -13 | 0.55 0.5 0.138
2-01 | 0,248 0.756 | —0.002 climate and 2-14 | 0.154 0,845 0,022
2-15 | 0.408 0,687 0,396 dete“otm“m ‘l’_ft Mvery 919 | 0,131 0.827 | -0.181
water quality
9-07 | -0.036 | 0674 | 0.480 9-20 | 0.023 | 0778 | 0.133 Water supply
inhibition
2-19 | -0.034 | 0,577 0,428 2-16 | 0,501 0,540 0.105
2-04 | 0.093 0.118 0,903 2-09 | 0.346 0.537 | -0.379
2-05 | —0.168 | 0,267 0,857 Economic damage | 2-05 | 0.028 0.052 0,891
such as water Water shortage due
2-16 | 0.274 0.104 0,681 shortage due to 2-04 | —0,039 | -0.054 | 0.790 |t abnormal climate
2-03 | 0,199 0.271 0,648 abnormal climate | 2-03 | 0.263 0,443 0,703 and damage to
drainage facilities
2-13 | 0.568 0.253 0.627 2-21 | 0,523 0.326 | -0.650
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Table 5. Analysis of disaster sector risk factors

Likelihood(63,08%)

Impact(66,13%)

RISK factorl factor2 RISK factorl factor2
3-17 0,901 0,130 3-11 0,944 0.114
3-21 0.873 0.231 3-25 0.942 0.057
3-03 0.856 0.240 3-10 0.916 0.047
3-20 0.840 0.331 3-26 0.908 -0.005
3-18 0,837 0,306 3-14 0.879 0,018
3-08 0.777 0.354 | Climate damage due to high | _3-22 0.868 0.287 | Damage to buildings and
3219 | 0772 ~0.237 | temperature, drought, | 3-12 | 0.859 Z0.153 | Indrastructure caused by
heavy snow, strong winds,
3-16 0,771 0,139 flood, and heat 3-20 0.852 -0.089 and high temperatures
3-07 0.668 0.304 3-13 0.846 0,097
3-04 0,659 0,376 3-21 0.835 0,227
3-22 0.588 0.553 3-08 0.723 0.195
3-02 0.535 0,432 3-23 0.697 0.398
3-06 0,468 0,145 3-24 0.635 0,584
3-12 0.028 0.922 3-18 0.178 0.811
3-10 0.071 0.864 3-19 -0.309 0.776
3-13 0.023 0.859 3-01 0.278 0.771
3-14 0,081 0,814 3-16 0,192 0,762
3-26 0.386 0.759 3-07 0.173 0,750 Excessive rainfall,
3-11 0.406 0.725 Climate damage due to 3-04 0.023 0.744 increased precipitation,
3-24 0.519 0.652 heavy snow and strong 3-15 0.388 0.735 drought—related
3-95 0.511 0.637 winds 3-05 -0.023 0.704 environmental and urban
3-23 0.323 0,614 3-17 0.520 0.696 infrastructure damage
3-01 0.533 0,588 3-06 -0,102 0.678
3-15 0,318 0,541 3-02 0.226 0.668
3-05 0.394 0,474 3-09 -0,171 0,464
3-09 0,301 0.357 3-03 0,331 0,341
Table 6. Risk factor analysis results in the forest / ecosystem sectors
Likelihood(53,06%) Impact(74.35%)
RISK factorl factor2 RISK factorl factor2
4-22 0.856 0.070 4-01 0.811 0.457
4-07 0,788 0,200 4-05 0,810 0,197
4-14 0.784 0.229 4-17 0,799 0,374
4-12 0.745 0.076 4-03 0.781 0.444
4-16 0,705 -0.049 4-02 0,761 0,288
4-18 0.657 0,404 Damage to forestry and 4-08 0,758 0,486 Biolosical change and
4-19 | 0,643 0.310 | trees and Changes of growth | 4-04 0,742 0234 | tfy damageg ot
4-23 0.633 —-0.298 |environment due to climate | 4-09 0,725 0.519 .
; climate change

4-21 0,614 0,433 disasters 4-11 0.724 0.535
4-15 0.578 0.333 4-19 0.721 0.551
4-11 0,547 0.455 4-13 0.696 -0.016
4-04 0.515 0.341 4-14 0.684 0.595
4-13 0.436 -0.009 4-18 0.648 0.613
4-06 0,369 0.082 4-07 0,636 0.593
4-08 -0,147 0,884 4-23 -0,104 0,874
4-01 0.147 0.856 4-21 0.385 0.848
4-02 0,080 0,838 4-16 0.435 0,844
4-03 0.196 0.811 (Sllza:ges iz gftollogica]l 4-19 0.259 0.788 'Changetof irothh

atus and Biologica environment and decrease
4709 0.331 0.786 Characteristics dfe to 4706 0.396 0, 2 of greenery due to weather
4-10 0.399 0.615 Climate Change 4-22 0.509 0,707 disaster
4-17 0.338 0.555 4-10 0,588 0,647
4-05 0.293 0.496 4-15 0.589 0.622
4-20 -0.178 0,494 4-20 0.429 0.476




Analyzing the Likelihood and Impact of Climate Change Risks for Efficient Risk Management 85

oo 2 SRHGOH, Risk 3-22, 8-02, 3-062 & A% A 1201E V155 U2 AHFH #§ 7} U
Aol 0.6& WA Ral At Al 2891 ARMMARNE ERHYOH, Risk 3-22, 3-02,
WY W AEOR AT TN BREUOH,  3-062 AXEFF] 0

o 9x) 23 A9l A
Sofl 2 ARAY 2 h3AY G

‘o
[o
i

Risk 3-15, 3-05, 3-09%= Q1A ia1o] 0.6S W2 2890& 7%

Zafl AlQlElgleh, HAGEFe A9 A 18002 VFEH 2
Slo| 2 AE F wgt 9 A g R BREeH, o] 0.6& WA X3l A= E WA Yo 73‘% Al
Al 2890 IR Qe e wst 2 =A7 18912 V|FHst| B2 ALY vg F7L 2 A
AR BRE Risk 3-09, 3-032 QAHRskgo]l AR ERECH, A 28202 V]| FHse] upE
0.6% %X] x3f A= ek, A-AR A

*J%*/OWX] %OFQI &"J{'—ﬂéﬂri TR 7 5743 6. Se=A
DI 47 A5 56.44%, 60.80%9] A es 7} Zopd W7 B B YA Y meE 5
7HAH g.Qlo] 2714 =EEH AT, WA W74 AL FFYol & 29l ¢or B oy Tk AA,
Table 7. Analysis of industry / Energy sector risk factors

Likelihood(56.44%) Impact(60,80%)

RISK factorl factor2 RISK factorl factor2

5-09 0.897 0.175 5-01 0.924 0.000

5-01 0.836 0.043 5—-02 0.849 -0.120

5-04 0.816 -0.182 5-14 0.845 0.361

5-12 0.796 0.279 5-04 0.832 0.027

5-14 0.796 0.165 5-09 0.809 -0.027

5-16 0.745 0.506 5—21 0.803 0.318

5-02 0.735 0.161 Increasing social costs and 5-192 0.793 0.196 Increasing social costs and

inhibiting industrial inhibiting industrial

5-20 0.733 0.299 production due to climate 5-20 0.792 0.111 production due to climate

5-19 0.678 0.071 change 5-05 0.761 0.149 change

5-05 0.670 -0.200 5-03 0.670 —-0.060

5-03 0.657 0.149 5-15 0.658 0.198

5-10 0.657 0.441 5-13 0.646 0.390

5—24 0.644 0.236 5-08 0.629 0.124

5-15 0.641 0.048 5-19 0.601 0.214

5-08 0.640 —0.043 5-07 0.596 0.202

5-07 0.576 0.478 5—24 0.537 0.030

5-06 0.548 0.365 5-16 0.524 0.399

5-21 0.548 0.244 5-23 -0.042 0.931

5-13 0.366 0.082 Impact of climate change on 5-17 0.079 0.885 Impact of climate change on

seasonal and response seasonal and response

5-23 -0.260 0.858 industries 5-11 0.311 0.860 industries

5-18 0.179 0.769 5-18 -0.239 0.857

5-17 0.252 0.760 5—22 0.111 0.709

5-11 0.099 0.740 5-06 0.340 0.606

5-22 0.072 0.693 5-10 0.461 0.480
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