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A Study on the Classification of Vulnerable Areas to PM.;s according
to Urban Characteristics based on Vulnerability Assessment
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Abstract: PM:s, a type of fine particulate matter, poses serious health risks. Existing pollution
management policies and research have generally focused on high-concentration areas. However, this
approach has limitations as it does not adequately account for regional characteristics and varying
levels of vulnerability, leading to an incomplete reflection of actual risks in specific areas. This study
analyzed 229 administrative districts to develop a vulnerability index by comprehensively evaluating
PMbas exposure, sensitivity, and adaptive capacity. Using data from 2019, the index was calculated
through normalization and entropy weighting methods, and spatial patterns of PMas vulnerability
were examined through LISA and K-means clustering analysis. The findings reveal that the
distribution of PMas-vulnerable areas shows distinct patterns within urban settings, which were
classified into four distinct types, each characterized by different urban features. This suggests a need
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for region-specific dust reduction policies. This study contributes to a better understanding of the

spatial patterns of PM5 vulnerability and aims to support the development of more effective policy

approaches.
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Figure 1. Conceptual framework of vulnerability (Source: IPCC(2001))
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Table 1. Vulnerability index analysis indicators

Characteristic Detailed Indicators Data Year Source
Exposure Monthly PM2.5 concentration 2019 Ministry (?f Environment,
Air Korea
Population aged 14 and under 2019 Statistics Korea
Population aged 65 and over 2019 Statistics Korea
Proportion of National Basic Livelihood Security recipients 2017 Statistics Korea
Proportion of elderly living alone 2019 Statistics Korea
Youth dependency ratio 2019 Statistics Korea
Elderly dependency ratio 2019 Statistics Korea
Sensitivity Proportion of waste incineration in waste disposal methods 2018 Environmental Spatial
Information Service
Proportion of disabled population 2019 Statistics Korea
Medical expenses for patlents' with malignant neoplasms 2019 Statistics Korea
of the bronchi and lungs
Number of air pollutant-emitting businesses 2019 Ministry of the Interior
and Safety
Proportion of health and social welfare businesses 2019 Statistics Korea
Number of hospital beds per 1,000 population 2019 Statistics Korea
Number of doctors per 1,000 population 2019 Statistics Korea
Proportion of general account spent on social welfare 2019 Statistics Korea
Proportion of population covered by health insurance 2019 Statistics Korea
. Local financial independence rate 2019 Statistics Korea
Adaptation
GRDP (Gross Regional Domestic Product) 2017 Statistics Korea
Education level (high school graduate rate) 2015 Statistics Korea
Environmental budget per capita 2019 Local Finance 365
. . s . National Land
Proportion of population within the living area park zone 2019 Information Platform
ok T3 AZE0 2 QIS PM,s WA BAIE Al71ok= ol 125HA ¥ AA FEE VIS E H7HsHA
AP GO YUA/I A 5 228 L EA, PMo] FFL AL EA SHE BYA S
&2 ARE A5 HOh et al. 2020). A-&5HE  AJTE skl FASHITE o] 23t 7 of 7]Htsto]
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HAZA A2 A5 2 ARSSH T A2 3E A
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7P& oo B SR E . A, PMes9] 217 97
< e Ego] v Rtthe 7PE Flon, dRE A
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Table 2. Urban characteristics analysis indicators

Characteristic Detailed Indicators Data Year Source
Floor Area Ratio 2019 National Land Information Platform
Resident Population 2019 Statistics Korea
Development Population Density 2019 Statistics Korea
Density and Land Use Compactness Index 2019 National Land Information Platform
Potential Total Number of Buildings 2019 National Land Information Platform
Compact Spatial Structure 2019 Statistics Korea
Total Floor Area 2019 National Land Information Platform
Number of Registered Vehicles 2019 Statistics Korea
Road Traffic Road Area Ratio 2019 Statistics Korea
Characteristics Job-Housing Proximity Ratio 2016 National Transport Database
Pedestrian Road Ratio 2019 Statistics Korea
Employment Rate 2021 Statistics Korea
Total Number of Businesses 2019 Statistics Korea
Industrial and Local Taxes 2019 Statistics Korea
Economic Number of Employees in Manufacturing 2019 Statistics Korea
Characteristics Proportion of Workforce in Primary Industry 2019 Statistics Korea
Proportion of Workforce in Secondary Industry 2019 Statistics Korea
Proportion of Workforce in Tertiary Industry 2019 Statistics Korea
Green Area Ratio 2019 Environmental Spatial Information Service
River Area Ratio 2019 National Land Information Platform
Land Use Commercial Area Ratio 2019 Statistics Korea
Characteristics Industrial Area Ratio 2019 Statistics Korea
Residential Area Ratio 2019 Statistics Korea
Land Use Diversity Index 2019 National Land Information Platform
A, A2 B 52 A 22 AR BhHel Aol Qi B o) el A ES WAt ot
AARHEG O R AAH Q4% PMos FIFAF I L] A= A 5h= W o] H (Baeck et al. 2011), ©]
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YF A=t A2 7hs ol EAI T (Junetal. 2020).  HTHZ o] g5t 7RSS A SR o R B A
A& AT A AT Y AN KR o4 S0 A i
A4S sl e, A AAS FBUAAY A BEIE N45S WL AR TH] AT
Az WS AREsHT of B2 A 32 9] SFotH, L AkEAE A 9} 2o oo Afalst
719k £ HE YO Z 0~1 HAY g2 7RSS AFEAERT % (3)°fl 273k Aot
stol, b2 A1 A1) ek AR 2 A%0] A2 o] ThpAS A4y 2ol
X Yo T 5, HEH 02 4(5)9) 2o AE R 715
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AR AR o H Al 2 RS WO 40
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83101 A5 AT (Lo etal. 2015), 0] B e WUHE, A5 HEo] 43 ASEL HoH
YO g0 o] T L AES 54 Y A% AL 19 2 e Ak, g
Table 3. Vulnerability index calculation process
No. Index Formula
>'(w; x Rescaled Exposure Factors)
Exposure Score =" N
1 Exposure Score, Sensitivity Score
>'(w; x Rescaled Sensitivity Factors)
Sensitivity Score ="
N
2 Tmpact Score Impact Score = Exposure Score -; Sensitivity Score
. >'(w; x Rescaled Adaptation Factors)
3 Adaptation Score Adaptation Score =" v
4 Vilhdlatfily fhfx % WY 37 W il Swrze + Impact Score
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Figure 2. Elbow method result A tH(Lee et al. 2015). 14A]] 0|5} 1, 7| =A] 9l #] 9] oF
Table 4. Entropy weighting results by characteristic
Characteristic Detailed Indicators Weight
Winter 0.3016
Spring 0.3298
Exposure
Summer 0.2018
Autumn 0.1668
Proportion of Disabled Population 0.0552
Proportion of Elderly Living Alone 0.0915
Youth Dependency Ratio 0.0339
Elderly Dependency Ratio 0.0808
o Population Aged 14 and Under 0.1767
Sensitivity -
Population Aged 65 and Over 0.0948
Number of Air Pollutant-Emitting Businesses 0.2483
Proportion of waste incineration in waste disposal methods 0.0579
Medical Expenses for Patients with Malignant Neoplasms of the Bronchi and Lungs 0.1174
Proportion of National Basic Livelihood Security Recipients 0.0434
GRDP 0.0269
Local Financial Independence Rate 0.0696
Environmental Budget Per Capita 0.0137
Proportion of General Account Spent on Social Welfare 0.1829
. Proportion of Population Covered by Health Insurance 0.0092
Adaptation
Education Level (High School Graduate Rate) 0.2142
Proportion of Health and Social Welfare Businesses 0.1103
Proportion of Population Within the Living Area Park Zone 0.3263
Number of Hospital Beds per 1,000 Population 0.0280
Number of Doctors per 1,000 Population 0.0188




=H [ F2d Eotofl 7|8HE PMes K|S FESt0]

i
ro
re
4

195

BARE A ZH7 L FE o] o] =A e, f4
R 7 Rtk nhA| et 2 A S5Eofl A=
T Aol 2 A FU U 1 H]Eo] 7MY =8koH,
032639] AV A EIQIe). LG, Aehel B
Absl ) ok v, 570 B AHSIEA) AL
02 7 pERIT, 199 QAo 1 e 71
A w5ik Q17 AT Q12 54 o 2
2 YA epatad o] £3 HgeiTe 22 2}
£ HtH(Lee et al. 2015).

<LEXS>
B 0.0361-0.0555
I 0.0555-0.0738
[ 0.0738 - 0.0909
[ 0.0908 - 0.1056

[ 0.1056-0.1182
[10.1182-0.1317
[ 0.1317 - 0.1464
[ 0.1464 - 0.1646
I 0.1646 - 0.1899
I 0.1899-0.2319

01530 60 90 120
T Km

(a) Exposure

<HEEHXIS >
[ 0.0263-0.0314
[ 0.0314-0.0354
[ 0.0354 - 0.0407
[E0.0407 - 0.0452
[ 0.0452 - 0.0495
[ 0.0495 - 0.0540
[ 0.0540- 0.0579
B 0.0579- 0.0625
[ 0.0625 - 0.0679
N 0.0679 - 0.0782

01530 60 90 120
——— Km

(c) Adaption

2) Fokd g7t A9t

A=t Al T8 o= B8 F o] Bt ATt
= Figure 32} A}, FoFJ A 7h =255 PMas] 5
o AG AL ulotH, 455 A w25 &
g8 ol B2 A9 AR sfAgiet. WA
AAH O 2 g EQMEZHEEEAGS T4
02 L IR XY HEE YF A oA &
A& ERlotglon, &5 3£ 0
]

2 Ui 347 e Ay

<QUAEX|E>
[ 0.0117-0.0158
[ 0.0158-0.0192
[ 00192-0.0216
[ 0.0216- 0.0234.
(10,0234 - 0.0251
[100251-0.0271
[ 0.0271-0.0302
I 0.0302-0.0352
I 0.0352- 00469
I 0.0469 - 0.0620

01530 60 90 120
T KM

< FIY(VR)X|S >
B 0.0371-0.0445
[ 0.0445 - 0.0503
[ 0.0503 - 0.0544
[ 0.0544 - 0.0576
[ 0.0576 - 0.0604
[-10.0604 - 0.0635
[ 0.0635 - 0.0670
I 0.0670-0.0714
B 0.0714-00772
N 0.0772 - 0.0885

01530 60 90 120
T —— Km

(d) Vulnerability

Figure 3. Result of vulnerability assessment
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Table 6. Top and bottom regions of vulnerability index

Top Bottom
1 Asan-si, Chungcheongnam-do Dong-gu, Ulsan
2 Anseong-si, Gyeonggi-do Sokcho-si, Gangwon-do
3 Eumseong-gun, Chungcheongbuk-do Gwangyang-si, Jeollanam-do
4 Cheonan-si, Chungcheongnam-do Yeosu-si, Jeollanam-do
5 Bucheon-si, Gyeonggi-do Jung-gu, Busan
6 Jincheon-gun, Chungcheongbuk-do Gijang-gun, Busan
7 Boeun-gun, Chungcheongbuk-do Tongyeong-si, Gyeongsangnam-do
8 Goesan-gun, Chungcheongbuk-do Nam-gu, Ulsan
9 Yesan-gun, Chungcheongnam-do Suncheon-si, Jeollanam-do
10 Dangjin-si, Chungcheongnam-do Yeonje-gu, Busan
11 Pyeongtaek-si, Gyeonggi-do Mokpo-si, Jeollanam-do
12 Buan-gun, Jeollabuk-do Geoje-si, Gyeongsangnam-do
13 Gimje-si, Jeollabuk-do Donghae-si, Gangwon-do
14 Hwaseong-si, Gyeonggi-do Jinju-si, Gyeongsangnam-do
15 Icheon-si, Gyeonggi-do Nam-gu, Busan
16 Cheongju-si, Chungcheongbuk-do Seo-gu, Dagjeon
17 Iksan-si, Jeollabuk-do Yangsan-si, Gyeongsangnam-do
18 Cheongyang-gun, Chungcheongnam-do Seogwipo-si, Jeju
19 Yeoju-si, Gyeonggi-do Goseong-gun, Gangwon-do
20 Jeonju-si, Jeollabuk-do Geumjeong-gu, Busan
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Figure 4. LISA analysis result
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Table 7. K-means analysis result

Cluster
Cluster Factor 1 2 3 4 F p-value
(0=57) | (0=24) | (=105) | (n=43)
Vulnerability -0.6625 | 0.6704 | 02832 | -0.1875 | 18.820 | 0.000
Floor Area Ratio 0.2919 | 03230 | -0.8574 | 1.5265 | 320.491 | 0.000
Population Density 0.0991 | 2.0289 | -0.7193 | 04927 | 192.701 | 0.000
%:iﬁg?ﬁgt Land Use Compactness Index -0.1057 | 0.0249 | -0.6788 | 1.7838 | 330.761 | 0.000
Potential Total Number of Buildings -0.0339 | 1.7551 | -0.2166 | -0.4059 | 45421 | 0.000
Total Floor Area 0.3359 | 0.8329 | -0.7223 | 0.8536 | 68.925 | 0.000
Compact Spatial Structure 0.1681 | 02419 | 0.0177 | 0.0445 1.045 | 0.374
Number of Registered Vehicles 0.1351 | 2.2256 | -0.6509 | 0.1681 | 199.126 | 0.000
Road Traffic Road Area Ratio 0.0163 | 0.0078 | -0.5593 | 1.3830 | 76.463 | 0.000
Characteristics Pedestrian Road Ratio 03601 | 0.7709 | -0.4346 | 0.1536 | 17.183 | 0.000

Job-Housing Proximity Ratio

-0.5519 | -0.4185 | 0.9021 | -1.2376 | 235.155 | 0.000

Industrial and

Proportion of Workforce in Primary Industry

-0.5746 | -0.5707 | 0.6641 | -0.5414 | 45.043 | 0.000

Proportion of Workforce in Secondary Industry

-0.0709 | 0.4312 | 04081 | -1.1431 | 39.321 | 0.000

Proportion of Workforce in Tertiary Industry

0.1133 | -0.3833 | -0.4534 | 1.1709 | 44.417 | 0.000

Economic Local Taxes -0.0523 1.5849 | -0.5507 | 0.5294 | 63.271 0.000
Characteristics Employment Rate -0.6412 | -0.3061 | 0.8415 | -1.0340 | 133.576 | 0.000
Number of Employees in Manufacturing 0.0766 | 2.0562 | -0.3901 | -0.2966 | 85.667 | 0.000

Total Number of Enterprises 0.0413 | 1.8729 | -0.6963 | 0.6002 | 146.160 | 0.000

Green Area Ratio 0.0770 | -0.4732 | 0.5619 | -1.2101 | 60.534 | 0.000

River Area Ratio 0.2226 | -0.1063 | -0.1884 | 0.2244 3.078 | 0.028

Land Use Residential Area Ratio -0.3968 | -0.0914 | -0.4336 | 1.6357 | 128.471 | 0.000

Characteristics

Industrial Area Ratio

-0.2317 | -0.0958 | -0.2249 | 0.9099 | 18.033 | 0.000

Commercial Area Ratio

0.0358 | 0.1703 | 0.0399 | -0.2399 1.139 | 0.334

Land Use Diversity Index

0.1027 | 0.1373 | -0.7597 | 1.6424 | 264.605 | 0.000
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Figure 5. Radial chart of results by characteristic (Blue: Cluster 1, Orange: Cluster 2, Gray: Cluster 3, Yellow: Cluster 4)
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