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Assessment of Heat Wave Vulnerability in Busan Using the IPCC Climate
Change Vulnerability Assessment Framework
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Abstract

This study performed heat wave vulnerability assessment in Busan using the IPCC Climate Change Vulnerability
Assessment Framework which can be used as a baseline data for establishing effective countermeasures that mitigate
the damage of the heat wave. This includes selection of the factors, estimation of the weights for the factors,
aggregation of the factors to exposure, sensitivity, adaptive capacity, and finally to the vulnerability to heat wave.
The assessment also considers the climate change scenarios, RCP(Representative Concentration Pathway)4.5 and
RCP8.5, to project the impact of climate change on heat wave by the years 2050 and 2100. The results show
high spatial variability on the vulnerability in Busan and application of the climate change scenario raises the average
vulnerability by 65% in maximum. To mitigate the damage, locally customized countermeasures, prepared by analyzing
the factors for the assessment, and various short- and long-term plans, tied to the urban planning, are required.

Keywords: Heat Wave Vulnerability Assessment, Climate Change Scenario, Locally Customized, Effective Countermeasures
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Figure

1_Framework for the Climate Change Vulnerability Assessment Adopted by the IPCC
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Table 1_Factors for the Heat Wave Vulnerability Assessment in Previous Studies

Variables Factors

Source

Tropical Night Days; Daily Maximum Temperature

Shin and Lee(2014)

Exposure

Heat Wave Days; Tropical Night Days; Daily Maximum Temperature

Koo, Kim, Kim
and Lee(2015)

Humidity

Heat Wave Days; Tropical Night Days; Feeling Temperature; Discomfort Index; Heat Index; Relative

Ministry of
Environment(2019)

Numbers of People with Cardiovascular Disease, with Heatstroke, and Live in Vulnerable Area; Ratios of Elderly
People, Children, Basic Livelihood Security Recipients, Disabled, Foreigners, Cardiovascular Patients, and | Shin and Lee(2014)
Outdoor Workers; Unemployment Rate; Voting Rate; Rate of Household below Minimum Livelihood Standard

Sensitivity | Number of Basic Livelihood Security Recipients and People with Heat-Related Illnesses; Thermal Inertia of | Koo, Kim, Kim

Land Cover; Ratio of Elderly People Who Live Alone

and Lee(2015)

Workers; Total Population; Population Density

Ratios of Elderly People (Who Live Alone), Infants, Basic Livelihood Security Recipients, and Outdoor

Ministry of
Environment(2019)

Medical (Supporting) Personnel per 1,000 People; Jurisdictional Population per Personnel at Public Health
Center; Public Health Care Budget per Person; Number of Emergency Medical Facilities; Areas of Green
and Road; Number of Designated Heat Wave Shelters per 1,000 Elderly People; Proportion of Welfare
Budget; Educational Investment per Student; Financial Independence Ratio

Shin and Lee(2014)

Adaptive | Service Capacity of In-Home Elderly People Welfare Facility; Ratio of Medical Personnel; Proportion of | Koo, Kim, Kim

Capacity | Green Area

and Lee(2015)

People; Number of Designated Heat Wave Shelcers

Proportion of Urban Area, Green Area, and River and Water System Area; GRDP; Financial Independence
Ratio; Ratio of Public Health Insurance Recipients; Medical Personnel at Public Health Center per 10,000
People; Number of Emergency Medical Facilities per 100,000 People; Personnels at Fire Stations per 1,000 | Environment(2019)

Ministry of
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Table 2 _ Factors for the Heat Wave Vulnerability Assessment in Busan and its Definitions

Variables Factors Definition DaFa Perloc.i o Spatla.l
Point of Time Resolution
1 Number of Days with Daily Maximum Heat Index of | Jun. 1, 2018 ~ | Administrative
Hear Wave Days 33C or more Sep. 30, 2018 districe
. . w1 Number of Days with Daily Minimum Heat Index of | Jun. 1, 2018 ~ | Administrative
Exposure Tropical Nighc Days 25°C or more Sep. 30, 2018 district
Annual Average of Daily Average of Daily Maximum Heat Index between June | Jun. 1, 2018 ~ | Administrative
Maximum Heat Index”' and September Sep. 30, 2018 district
Ratio of Socially Vulnerable | Ratio of Socially Vulnerable Groups to the Population. As of 2019 Administrative
Groups”™ Average of the Ratios for Each Group ° district
Ratio of Healthy Vulnerable | Ratio of Healthy Vulnerable Groups® to the Population. Administrative
o . As of 2019 ..
Groups Average of the Ratios for Each Group district
Sensitivity
Number of People with Number of People with Heat-Related Illnesses Reported | Jun. 1, 2018 ~ B b
Heat-Related Illnesses™ to the Heat-Related Illnesses Monitoring System Sep. 30, 2018 oroug
Ratio of Elderly People Who | Ratio of Elderly People (over 65 years old) Who Lives Administrative
. o As of 2019 o
Live Alone Alone to All district
Density” Number of Shelters within 1k’ As of 2019 Adml'msFratlve
. district
Capacity - — -
of Accomm(_)digon Ratio of Accommodation Capacity to All Elderly People As of 2019 Adml_msFratlve
Designated Capacity district
Heac Opening in Night | Ratio of the Shelters Which Open in Night or Holiday As of 2019 Administrative
Wave or Holiday"™ to All district
Shelters
Adaptive Support of Cooling | Ratio of the Shelters Which Receive Cooling Cost Administrative
. e As of 2019 .
Capacity Cost Support to All district
Density of Shade Canopies”™ | Number of Shade Canopy wichin 1ki’ As of 2019 Adn;z;t:z:twe
Ratio of Disaster Helpers™ Ratio of Disaster Helpers to the Elderly People As of 2019 Ad“(;ri:z:twe
Ratio- of Parkf**asnd Green Ratio of Parks and Green Area to the Total Area As of 2016 Adm1‘msFmt1ve
Area district
Note: 1. Factors for each administrative district were estimated by interpolating observed houtly temperature and relative humidity at

31 air pollution monitoring stations operated by Institute of Health & Environment at Busan (22 stations), Ulsan (three sta-
tions), and Gyeongnam (six stations), then spatially averaging it for each district

R W N

. Socially Vulnerable Groups: basic livelihood security recipients, visiting health care service recipients, senior care service recipients
. Healthy Vulnerable Groups: disabled, infants younger than five years old, elderly people older than 65 years old

. The raw data is collected for each borough and identically applied to every administrative districts in each borough

. Estimated from ecological map (plane) as of Jan. 22, 2016.

Source: *Institute of Health & Environment (Busan, Ulsan, Gyenngnam); **Busan City Government Internal Data; ***National Spatial
Data Infrastructure Portal Open Market
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Table 3 _ Weights of Factors for the Heat Wave Vulnerability Assessment

Variables Factors Weights Factors Weights
Exposure 0.4681
Potential Impact 0.4584
Vulnerability Sensitivity 0.5319
Adaptive Capacity 0.5416 - -
Heat Wave Days 0.5546 - -
Exposure Tropical Night Days 0.2167 - -
Annual Average of Daily Maximun Heat Index 0.2287 - -
Ratio of Socially Vulnerable Groups 0.2709 - -
Ratio of Healthy Vulnerable Groups 0.2194 - -
Sensitivity
Number of People with Heat-Related Illnesses 0.2745 - -
Ratio of Elderly People Who Live Alone 0.2352 - -
Density 0.3075
Accommodation Capacity 0.1594
Capacity of Designated Heat Wave Shelters 0.3992
Opening in Night or Holiday 0.1883
Adaptive N
. Support of Cooling Cost 0.3448
Capacity
Density of Shade Canopies 0.1405 - -
Ratio of Disaster Helpers 0.2335 - -
Ratio of Parks and Green Area 0.2268 - -
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Figure 2 _ Spatial Distributions of Exposure, Sensitivity, Adaptive Capacity and Potential Impact in Busan
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I 0.677855 - 0.950877

(d) Potential Impact

Note: Larger values in Exposure, Sensitivity, and Potential Impact imply more negative meaning, while Adaptive Capacity is more positive

with larger values (Green: positive; Red: negative).
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Figure 3 _Heat Wave Vulnerability Map in Busan
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Table 4 _The Number and Proportion of the
Administrative Districts in the each Grade

Grade
Administrative
Districe ‘I’Dez Low | Inter. | High ;’he;yh
# 22 47 55 55 27
Proportion (%) 10.7 22.8 26.7 26.7 13.1

Table 5 _ Temperature and Heat Index Increments by
the Climate Change Scenarios

Climate Change Scenario
Increment RCP4.5 RCP8.5
2050 2100 2050 2100
Temperature (C) 15" 24" 23" 5.4
Hear Index (C) | 1.6 3.44 3.26 10.44

Note: 2050 and 2100 mean the periods of 2040~ 2050 and
2090~2100, respectively.
Source: 'KMA 2015, 19.
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Figure 4 _ Spatial Distributions of Exposure for the Each Climate Change Scenario in Busan
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[10.882082 - 0.907475
[710.907476 - 0.932601
[ 0.932602 - 0.961410
0.961411 - 0.984496
[0 0.984497 - 1.027349

(a) RCP4.5 2050

Exposure (RCP4.5, 2100)
[[771 0.962489 - 0.984496
[ 0.984497 - 1.027349
[ 1.027350 - 1.059462
I 1.059463 - 1.107824
I 1.107825 - 1.183318

(b) RCP4.5 2100

Exposure (RCP8.5, 2050)
[ 10.947901 - 0.961410
0.961411 - 0.984496
77 0.984497 - 1.027349
[ 1.027350 - 1.059462
I 1.059463 - 1.107824
I 1.107825 - 1.182266

(c) RCP8.5 2050
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(d) RCP8.5 2100

Note: There are administrative districts with exposure larger than unity because the identical value was used for the normalization of the
factors with the non climate change scenario. Therefore, the values could be directly compared to those in <Figure 2> (a).
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Figure 5 _Box—Plots on Proportional Increments of
the Variables for the Each Administrative District by
the Climate Change Scenarios
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Figure 6 _ Spatial Distributions of Potential Impact for the Each Climate Change Scenario in Busan

Potential Impact (RCP4.5, 2050)
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Note: There are administrative districts with potential impact larger than unity because the identical value was used for the normalization

of the factors with the non climate change scenario. Therefore, the values could be directly compared to those in <Figure 2> (d).
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Table 6 _ Average Vulnerability by Region by the
Climate Change Scenarios

RCP4.5 RCPS.5

Region Present
2050 | 2100 | 2050 | 2100
Busan 0.49 0.52 0.58 0.58 0.86
Jung-gu 0.66 0.71 0.79 0.78 1.06
Seo-gu 0.54 0.58 0.63 0.63 0.92
Dong-gu 0.28 0.31 0.39 0.39 0.66
Yeongdo-gu 0.46 0.51 0.57 0.56 0.85
Busanjin-gu 0.32 0.36 0.42 0.41 0.70
Dongnae-gu 0.48 0.51 0.57 0.57 0.85
Nam-gu 037 | 040 | 047 | 046 | 076
Buk-gu 0.43 0.47 0.50 0.49 0.79
Haeundae-gu 0.66 0.68 0.75 0.75 1.03
Saha-gu 0.40 0.42 0.49 0.48 0.78
Geumjeong-gu 0.48 0.51 0.57 0.57 0.84
Gangseo-gu 0.62 0.66 0.71 0.70 0.99
Yeonjae-gu 0.63 0.67 0.73 0.73 1.01
Suyeong-gu 0.67 0.69 0.75 0.74 1.02
Sasang-gu 0.69 0.72 0.78 0.77 1.07
Gijang-gun 0.21 0.25 0.29 0.29 0.55

Note: The values are the arithmetical mean without considering
area of the administrative districts.
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Figure 7 _Heat Wave Vulnerability Map for the Each Climate Change Scenario in Busan
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Note: The identical criteria with the non climate change scenario were used for the grades. Therefore, the grades could be directly compared
to those in <Figure 3>. ‘Extremely High' indicates Vulnerability larger than unity.
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Table 7 _ The Number of Administrative Districts and
Proportional Increment of the Vulnerability (in parentheses)
by the Present Grade by the Climate Change Scenarios

unit: number (%)

Present

Scenario | Year Grade Vety

X Very
Low Low | Inter. | High

High
Very Tow | 14(23) | 00) | 00 | 0© | 0 ©

Low 8(22) (32(10)0| 0O | 0 (O | 00

Inter. 00 |15AD ({42 ©) |0 | 0©

2050
High 0O | 00 [13® |45 ()| 0©)

Very High| 0() | 0(0) | 0(0) |10 (7) |26 (4)

RCP Ext. High| 0O | 000 [0 |0©O |10)

45 Very Low| 0O | 0 |0 | 0O | 0(©

Low 1344 |14 320 |00 | 0©

Inter. 0O [33(27)(220)| 0 () | 0 (0
2100

High 00 | 00 [3320|1616)| 0 (0

Very High| 0(0) | 0(0) | 0(0) |39 (16){26(12)

Ext. High| 00 | 00 [0@|0©@ |1

Very Low | 9(78) | 0 ) |0© [0 | 0O

Low 134D |14 29[ 0O | 0O | 0©

Inter. 00 [33201(23(19| 0 O | 0(0)

2050
High 0O | 0 [32(18)|17 (15)| 0 (0

Very High| 0(0) | 0(0) | 0(0) |38 (15)[26 (11)

RCP Ext. High| 000 | 0O |0 |0© |1

85 Very Low | 0(©0) | 00 [0© [0© |0©

*

Low 1¢) 10O |00 [00O|0O

Inter. [10 (270)| 0 (0) | 0 (0) | O (0) | O (O
2100

High |11 (166)|12(127)[ 0 () | 0 ) | 0 (©

Very High| 0 (0) |35 (108)|55 (80)|30 (64)| 0 (0)

Ext. High| 0(0) | 0(0) | 0(0) |25 (59)|27 (48)

p ) ;

Note: ~ Proportional Increment was not estimated because the ad-
ministrative district has the lowest vulnerability (‘0’) at
present.
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