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Evaluation of the Location Efficiency of Fine Dust Shelters
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ABSTRACT: Fine Dust in Korea has been classified as a social disaster since 2019 due to continuous increase in concentration of Particulate
Matter 10(PM 10) and PM 2.5. The fine dust issue has negative physical and mental impacts, especially on vulnerable population including
children and the elderly. Seoul metropolitan government have installed fine dust shelters since 2019. However, there is a lack of research
that evaluates spatiotemporal distribution of these facilities. Therefore, the first aim of this study is to find the relationship between PM
levels and dust scattering construction sites, or air pollutant emission sites through in depth spatial analyses. The second purpose is to
analyze the spatial distribution of PM shelters in Seoul, and to evaluate the location efficiency of them. Kernel density, krigging, and
network analyses were conducted, and floating population was considered instead of census data for this research. The reults of network
analysis based on the road system showed that Yangcheon-gu, Songpa-gu, Seongbuk-gu, and Dobong-gu were found to need additional
fine dust shelters. Also, the results from analyzing the floating population that includes children and the elderly showed that Songpa-gu,
Seodaemun-gu, Gangdong-gu, Seocho-gu, and Dongdaemun-gu need more placements of find dust shelters. The results of this study
are expected to provide implications for urban planners to enhance find dust shelter placement in urban areas, and vulnerable population
issues would be considered in many ways.
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Table 1. Data
Xt st ;
Variables Description U Sources
Measurement
S-DoT Daily Average Seoul Open Data
PMIO&PM2S | o160 PM2.5 Data 20220301 Plaza
A O EH vi i
3. A4t H 3 A Hi Vulnerable Living population |55 01 01 | Seoul Open Data
. over 65 and under
Population ~2021.12.31 Plaza
10 years of age
3197 HE Fine Dust Shelter | Number of Shelters | 2022.03.01 Se°“l§g§: Data
B o0] A= MEA|0 OE A Al HlojE] &=
= 78] A= MSMOIM, "ADIE NS =AI HOE = Fine Dust Pollution | Construction Site 32522083%1 Construction Allimi
SMIM(S-DoT)’, ‘HIAFHX| 2l AN, TH7 2GS X HiE At Sites — Ministry of Public
D o . . = = Fine Dust Pollution Air Pollutant 2020.01.01. Admi r{ i p
A, M2l OIMEHX| EEl’e] ZZHH0|HE &86t0] 31 E Sites Emission Site ~2022.03.01 m”s":c:ari't‘;”a”
X|GHEIAH o X EHO| XA 07} dl = SRS
CIUSIACE Srtef AP el 2|4e] S2t BiH|0[EE 2ot Seoul Road Network National Spatial
Network of Road 2022.06.10 .
7] 95l 2020 18 4212E| 2022 39 132 ALY, Data Information Portal
S—DoTe= 7|& 70| AtSE ™ HE2 1AM HX|E
_ - - _ Table 2. Descriptive statistics of variables table
7| ™ALL H2] 1198712 SEUS Satof th7| SEEHE =
Mot Qon, O x| MEQ} XS M2 H2! 0| ZE Variables Count | Mean Std Min Max
2 Sot0 1Y = CSV FAe = XSsta UL ol M Daily Average PM25 | 1065 | 1592 | 201 356 2187
M 5 ai™d BEMof| 2Z st S-DoT H|0|EE Mx2|stctH ¢ Daily Average PM10 | 1,065 | 22.02 2.69 415 29.64
ol AIZHE #elol 20201 12 42UEE 20221 38 130f| & Zoi%zﬂgﬁgible 219,600| 93,002.82 | 29,693.07 | 29,680.15 | 180,994.38
Ctsl= = I2Rs 7I-°
goh= HIOIES Google ColaboratoryS Z83tH null &S A ZUZPL\;‘JE;;ible 219,000 90,066.88 | 29,482.74 | 29,386.06 | 168,536.14
7'1 7|2 PM1O PM2 5 E"olE.‘iol O|A|7_( % (|ﬂter Quartile Air Pollutant Emission 14 ] i i .
Range) 25%, 75% 7|1Z22 KMAH5ICt. 015 Alziche ojMe Site :
_ o _ o _ . o Construction Site 4,395 - - - -
A SYUS U8 YHo=E HEGIFCH, dyTE HHUE &
) PM Shelter 165 - - - -
MSIRICH Ml xtgs M2 2! ol 2X0| M3st= 2
el ol X|9E RUSEQTE EE6H0 6L A
2| OIMHX] 2 Xt2Es A2 G2l 0| E&0| M3dsk=s & M517] 5t 7 L =(Kernel density)S &+, H|AMHX]| EHA
166702] OIMIHX] 2B B, ZtH, MAMIFA S HEE &8 SAE D 7 |QESE HE AR UEE X992 Selsk
SIUCE 7 |REEE HIE Yas HHVIQEEE HIEAIME 4 Ct & H7= ArcGISQ| Kernel Density tool2 2&ot0] H|4AHH
XI5t =g S AHTOZ 7 [HIEAIM M| S7HAD)E S K| 2 SAHET 7SR S AR U (R E 37
St AIEA'S 2loj5tH, H7|RESE IESAIE2 "HX|, SOx(&E BEMSIAC} 0|5 H|AMHKX| 2HAA|M T O|MHX| ZHe] BAME
ABE), NOX(EALMSHE) 8§ 7 |1RESES 7| S22 iS5t 2i2I5t7| ?{5t0] S-DoT HI0|EIE &&ot O|MTHX| 5= S7t 2
= AAEAM SHEEFo= Hot UHSH 72 0|4 AM'Z Fo| X FME Kriging 2AIHE Sot0] XIMSIICH Kriging £A1H
ot ¢ 7120l Eefols t7|2E2E tiE AIYE dlojEl= & o2t SHX|M| EH™UZ AN FEZ Sof0] =7t vty
HOMET}L MBot= HI0|EIE 2&oI¥an, H|AMHX| 2l I E U2 FEok= H7HHOICH 2 ATl Kriging M2 ArcGIS
AEe| 22 M2EYA 744 LT 0| HI0|HE EEsIULE 0|F 9| Kriging tool2 &5t S—-DoT AX| X|H2| PM101t PM2.5
2 H7o AlZHE "Helof R0 ZAL 7|7t AlY 2F 7(7to] HI0|EE 7|&22Z S-DoT O|&X| X[€e| PMIOL} PM2.5 $+X|
2020\ 1R E 20223 322! HIAHX| LA ZAHE 4,3967H, CH £ FHoI0 D|MHX] = LY K9S AlZtststRict.
71QE=E HiE AHE 2764702| HIO|EHE FEstCt =22 £ Hn S HIEAM 22X OIMEX] EE7t FHAASS
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Figure 1. Kernel density analysis of distribution of construction sites
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Figure 2. Kernel density analysis of air pollutant emission sites
distribution
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Figure 3. Kriging interpolation for PM10
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Figure 4. Kriging interpolation for PM2.5
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Figure 5. Service areas of fine dust shelters
(Km? / number of shelters)
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S 2MSt Table 32 'Density of
Shelter(Km?/N)'= & 70| HAMS O|MHX| &E JH42 Lis 2t
£ o|o|stct, Density of Shelter(Km?/N)* 20| 242 #lE 1714

7t MH|&sh= K| HAo| 2 2J0lsiH, ol He| HAlY Fof
ABO0| 018 4~ U= A BEIL 25E0 A2 siME &
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Table 3. Fine dust shelter density analysis

Gu N;:';EZ: Area of GU (km?) De"s::(yn‘:,f /i';elter
Gangnam-gu 20 39.47 1.97
Gangdong-gu 4 24.54 613
Gangbuk-gu 4 23.62 5.9
Gangseo-gu 18 4139 2.29
Gwanak-gu 4 29.54 7.38
Gwangjin-gu 3 17.05 5.68

Guro-gu 16 20.11 1.25
Geumcheon-gu 10 13 13
Nowon-gu 19 35.56 1.87
Dobong-gu 4 20.66 5.16
Dongdaemun-gu 3 14.23 474
Dongjak-gu 4 16.38 4.09
Mapo-gu 4 23.85 5.96
Seodaemun-gu 2 17.68 8.83
Seocho-gu 4 46.85 1.7
Seongdong-gu 4 16.79 419
Seongbuk-gu 4 24.6 614
Songpa-gu 1 33.83 338
Yangcheon-gu 0 17.45 0
Yeongdeungpo-gu 4 2452 613
Yongsan-gu 4 21.88 5.47
Eunpyeong-gu 5 29.77 5.95
Jongno-gu 3 23.98 799
Jung-qu 5 9.96 1.99
Jungnang-gu 16 18.54 1.15

Km?), 2&7(1.30 Km?), =I72(1.87 Km?), Z=T2(1.97 Km2)=
O|MIHX| &E el MH[A HAO0| W2 #™F0|H, SIH(33.83
Km?), MEF11.71 Km?), MtHETH8.84 Km?), Z27L7.99 Km’),
Eet7(7.39 Km)E MH|A BHEO| &2 M2 EM|QIC
T, T2, ST &0 0|M|TX| E X7t & AEE
2 o 5 A2H, B, AMET, MUIET &2 O|MHX|

il

> 0%

o> 32

4.4 2N 2SS n2{st 0|MHX| EE HiX] 24
A

MHX| 2l SAIYS 42 t7IQESE HiE Aty 2
—

2| SAZ|ZHol FalhA™ U710l ZAZ|ZH St A Hez 5=
7t 37 4= UCh SFX|EE Kernel DensityE S8t HIAHX| &
A ZARE E X|H0| Kriging 78S &%t DIMTX| Is= X|
At Chx STE=E AR EMEUCE Mt AR FHO| M
2RIT B FUASS 12s YA EEQ 7} iRV 2eE A
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Figure 6. Network service area analysis of construction sites
with road map
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Table 4. Results of network service area analysis of construction

sites
Number of Number of Number of
Gu Numberof|  Shelters Shelters Shelters
shelters in5Min in 10 Min in 15 Min
Distance(%) | Distance(%) | Distance(%)
Gangnam-gu 20 5(25%) 7 (35%) 17 (85%)
Gangdong-gu 4 1(25%) 2(50%) 3(75%)
Gangbuk-gu 4 0(0%) 0(0%) 1(25%)
Gangseo-gu 18 6(33%) 9(50%) 13(72%)
Gwanak-gu 4 0(0%) 1(25%) 2(50%)
Gwangjin-gu 3 0(0%) 1(33%) 1(33%)
Guro-gu 16 6(38%) 10 (63%) 11(69%)
Geumcheon-gu 10 3(30%) 4 (40%) 7 (70%)
Nowon-gu 19 5(26%) 9 (47%) 10 (53%)
Dobong-gu 4 0(0%) 0(0%) 0(0%)
Dongdaemun-gu 3 1(33%) 1(33%) 2(67%)
Dongjak-gu 4 0(0%) 2(50%) 4(100%)
Mapo-gu 4 2(50%) 2(50%) 4(100%)
Seodaemun-gu 2 0(0%) 0(0%) 1(50%)
Seocho-gu 4 0(0%) 0(0%) 2(50%)
Seongdong-gu 4 1(25%) 2(50%) 3(75%)
Seongbuk-gu 4 01(0%) 0(0%) 0(0%)
Songpa-gu 1 0(0%) 0(0%) 0(0%)
Yangcheon-gu 0 01(0%) 0(0%) 0(0%)
Yeongdeungpo-gu 4 1(25%) 2(50%) 3(75%)
Yongsan-gu 4 1(25%) 1(25%) 1(25%)
Eunpyeong-gu 5 01(0%) 1(20%) 3(60%)
Jongno-gu 3 1(33%) 2(67%) 2(67%)
Jung-gu 5 2(40%) 4(80%) 4(80%)
Jungnang-gu 16 7 (64%) 13 (81%) 15(94%)
H2I #ixI )
A e el
P FEEPE I PSSP S FEFEEF O

=5 Min =10 Min ®15 Min

Figure 7. Accessible shelters from construction sites (number

of shelters)
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Figure 72 SHT L H|AHHX| 24 ZAMOZEE] 015 7Hs
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Figure 9. Network service area analysis of air pollutant
emission sites

Table 5. Results of network service area anlaysis of air pollutant

emission sites
Number of Number of Number of
6u Numberof|  Shelters Shelters Shelters
shelters in5Min in 10 Min in 15 Min

Distance(%) | Distance(%) | Distance(%)
Gangnam-gu 20 2(10%) 2(10%) 7(35%)
Gangdong-gu 4 0(0%) 0(0%) 2(50%)
Gangbuk-gu 4 0(0%) 0(0%) 2(50%)
Gangseo-gu 18 3017%) 3(17%) 5(28%)
Gwanak-gu 4 0(0%) 0(0%) 01(0%)
Gwangjin-gu 3 0(0%) 0(0%) 0(0%)
Guro-gu 16 2(13%) 2(13%) 4(25%)
Geumcheon-gu 10 1(10%) 3(30%) 4 (60%)
Nowon-gu 19 2(11%) 3(16%) 5 (26%)
Dobong-gu 4 0(0%) 0(0%) 0(0%)
Dongdaemun-gu 3 0(0%) 0(0%) 0(0%)
Dongjak-gu 4 0(0%) 0(0%) 2(50%)
Mapo-gu 4 0(0%) 1(25%) 2(50%)
Seodaemun-gu 2 0(0%) 0(0%) 0(0%)
Seocho-gu 4 0(0%) 1(25%) 1(25%)
Seongdong-gu 4 2(50%) 2(50%) 3(75%)
Seongbuk-gu 4 01(0%) 0(0%) 0(0%)
Songpa-gu 1 0(0%) 0(0%) 0(0%)
Yangcheon-gu 0 01(0%) 0(0%) 0(0%)
Yeongdeungpo-gu 4 01(0%) 0(0%) 0(0%)
Yongsan-gu 4 0(0%) 0(0%) 0(0%)
Eunpyeong-gu 5 0(0%) 0(0%) 0(0%)
Jongno-gu 3 1(33%) 1(33%) 1(33%)
Jung-gu 5 2 (40%) 2 (40%) 2 (40%)
Jungnang-gu 16 0(0%) 01(0%) 0(0%)
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Figure 10. Accessible shelters from air pollutant emission sites
(number of shelters)
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Table 6. Analysis of shelter distribution considering living population

Number Vulner.able Living the living population per

& of Population (person) Shelter (person)
shelters AM5- | PM13- | PM21- | AM5- | PM13- | PM21-
PM12 | PM20 | AM4 | PM12 | PM20 | AM4
Gangnam-gu 20 | 144175|143904 | 131,882 | 7209 | 7,195 | 6,59
Gangdong-gu 4 122,720 | 121,243 | 125,618 | 30,680 | 30,311 | 31,405
Gangbuk-gu 4 81,491 | 81,163 | 85589 | 20,373 | 20,291 | 21,397
Gangseo-gu 18 125,016 (123743127998 | 6,945 | 6875 | 7,111
Gwanak-gu 4 94,582 | 94,888 | 98,676 | 23645 | 23,722 | 24,669
Gwangjin-gu 3 71,315 | 72,369 | 72,058 | 23,772 | 24,123 | 24,019
Guro-gu 16 | 89,074 | 88734 | 90,983 | 5567 | 5546 | 5686
Geumcheon-gu 10 43,122 | 43740 | 42991 | 4312 | 4374 | 4299
Nowon-gu 19 |128,581| 127,307 | 132,305 | 6,767 | 6,700 | 6,963
Dobong-gu 4 75,348 | 76,146 | 77,274 | 18837 | 19,037 | 19,318
Dongdaemun-gu 3 83,041 | 83991 | 81,031 | 27,680 | 27,997 | 27,010
Dongjak-gu 4 88,356 | 87464 | 91,314 | 22,089 | 21,866 | 22,829
Mapo-gu 4 81,807 | 82,008 | 80,296 | 20,452 | 20,502 | 20,074
Seodaemun-gu 2 76,835 | 75960 | 76,390 | 38417 | 37,980 | 38,195
Seocho-gu 4 115,552 | 116,094 | 106,490 | 28,888 | 29,024 | 26,622
Seongdong-gu 4 72,284 | 72,082 | 70,876 | 18071 | 18,020 | 17,719
Seongbuk-gu 4 102,369 | 101,837 | 106,051 | 25592 | 25,459 | 26,513
Songpa-gu 1 162,567 | 161,674 | 162,259 | 162,567 | 161,674 | 162,259

Yangcheon-gu 0 91,299 | 92,065 | 93,982 - - -
Yeongdeungpo-gu 4 89,576 | 90,738 | 84,847 | 22,39 | 22,684 | 21,212
Yongsan-gu 4 55,062 | 54,681 | 52,027 | 13,765 | 13,670 | 13,007
Eunpyeong-gu 5 110,854 | 110,154 | 116,187 | 22,171 | 22,031 | 23,237
Jongno-gu 3 54,158 | 57,079 | 45254 | 18,053 | 19,026 | 15,085
Jung-qu 5 43746 | 45,627 | 32,799 | 8749 | 9,125 | 6,560
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O ACt= A= & = ANUCE SIX|2 |7t DR, AT, M= TO| ZF HIMHX| HiE Aldnt 2HE X|EE YSoHt PMIO,

=
T S HIEAIGET SAFY0| YEEX= LUKITE OJMHX| s PM25 SZ7t =2 A0 HI5te] OIMHX| 2Ef7 HTiXe= X
7¢ &= UEfLE X9 2M ZAok= Chst OMHX|e] folat b Al HHRIZ|ACE w2t METet 20| OJMHX| s=7t &2 XY
APHX] 2 2010 25t Ao R WHERICE 2 A9l Aut= ol M2 O|MIHX| &E{7F AX|=|o{of & Z0|ch oix|2te=z
2007 7|& DIMITX| I P2 FEE 2T, ¥ & U= PMIO, PM252| STt =2 LIEFGSH, HIMHX] HiE
ST, YMT, 2R, Smi, AT Bt B2 A™EE OMH AlHo| YEIEACL OMHX| 2B 35 F20IM 70| 2eg
X oz X|Foz2 2MERACHHwang, 2018). Ol= ZA| L OJA] Aoz WHEDE M2t SAIAIES 12igh A4 HiX|2E OJMHE|
HX|o| FEkMo| o MZIeHX| T JASH, E2XQ1 O|MTHX| 2EQ 7h 20| HiE=l= AlME Q20| RMXMo= O|MHX| €EHE =

7t IR ERdS AIAFSICE 7t HHX|SIO{0F & He = EHEHEIDY,
= A= DIMHX] 2E7t FUASE 12ist] HRI=U=X EESH AIZZHE HIO|E 7|8H| O|MHX| ElEfQ| A2l S=ot
ofl chet B2t 2M2 Sotof OIMTX| 17hAL] MH|A HA Ans O| OtL|2t 'HIAMHX] 2 A, ‘H7|2E=E tiE A& at
TESICE T 2 Suk, MET, MUET S -l 1 22 A2ISoA A4l DlsiE & 4 Us HIMHX] HiE AlY
A G MHIA HAOo| = EM=0] O|MTX| 2Ef Hix| & AIZo| ot FUAIZ0| F2 0|8sh= SXIAIY, OZI0fFE FHO| O|MHX|
 O[lEX| AUSE L = UUCL 2= fITH AEEQI 20| &7 O|F0{X{oF & Ao|Ct. Tt24
Network Service Area AnalysisS S8 H|AMHX| EHAHAIM AXf 22 O QOBIAEHR AIE2 DIMHX| s &St F
H O|MHX] 2E x| 242 Soto] HIAMHX| Ll A2 F St SUE HoFT U7(0] HIAHX] HiE A& FUAS 0]
2 AT, BT, 5T, E87, d5T, MUiET S0l ojMH E AAE FHO| =Xt 22 AEO| SX|AIES ST o|MH
Xl #E HiX|7} 0|E8 AR EMEIQUCt ESH THY|2ESE i Xlo| ZE Tt HiEE 20| LRSICHShIN et al., 2021). K5t EX|
£ MY 7|EeRe AT, SO, d87, =8+, MUET, FEHRZALZE QS & 20m 0|4 =2 S 10m 0|42 =X| HEH
TS 50| 2 Hix|7t 0IE8t ARE EA (0] 0= "HI|AHXK] ot 2 2 QIZRIAEZXME =20 HiX[5IH =22t XISXIE
Ll FAHE 7IECE 5 Zulet HIRet UM Bt QISt HIAMHX| UMS F|ASIA7 = =X| FA Al R 20|
OlX|ato 2 2 H3= TA|)|A A|2ZHHEO0 R oSt Q= M CHLee et al,, 2019). L5 TA| SHA™ 0O A{Q| M2 E5H TR
2RITE Tisto] FUAS LT XY EAst0] O|MTX| 2E StH, ZA| W FAUAZS| 012 AR IO, stw, ol @F
F|AIZ Mol AIE0] XIS X2 HIMHX| HIEAIY =71 A1 & X[ Al &

£ OIMEX| &EQ] JHAR Liz 2ol V1A del(H)E & Fetel DIMHX| tiE 2rstofl theh = opnt oyt Hest
et 24 2ot gH, Su, Mg, 25T MET SUE oot EupMel OIMHX| EEfe] S22t 0185 fI5H0 XA
T SUM JHAY FAAS WEHRAITIE = A0 O|MHX] RFHOIIM ‘DIMTX] HEfofl et 2l SUo| ERsICt Ol
E HiXI2| EY 27t HH=0{o & X[Hez HTERAC HX| glEf= 2h XIXtA(OrC OIM2X] e, OIMHX| i, 0]
2 A79| B4 ZuE Sole FAASS et OIMTX| 2E b MEX] Z2|Z o ZHE, TBLE S22 ST e, 0f
X9l S7HY N 22ES G| et thY o2 oS 2ot SUEIX| 242 2 ATIEQ Al 0180] U0l ERE =
b 2k 2E 4 ATt ot =21 R0E 02I0] S FAS0| Y
WX L= PMIO, PM25 S22t HiE Al BEQ| FE= H 2l 2 Ald, of2I0|1Y, st FHOIM LIEHLE= DIMHXIZ
ASsIx|2t o|MHEX| 2 SH0M MSAl 2= dYTE S 7t QISh Y fgekut ofol| et thx| WS Zelohs 2 2H2
& olgshz|ol 2Ee 94X S5 AHE S2l= N0l Sttt O|MTX] ZE{oll tHet 27t 0|F0{x{0F & Zd0]Ch
2t AISZHE Z4E 78St O] =7 &2 X[t it
HX| HIEAIE0] ZEE X|Ho| RMX= OJMHX| HEE HHX| 5.2 8 ¥ =847
Sh= YAo| LRSI MET2| Z2 HIAHX] HIE AlE 2Xo] 2 g7E DIMEX|el S 2ME 2|5tod S-Dot HI0JEIS
OMIHX| EE7 BHRIZIRAXIZH PMIO, PM2.52] =& | OJMH ArESHTt, 2L, Aol Al Helof sigshs 2 S22
x| 2Eol 3Z0| BEst o=z EQlEt w2t PMIO, PM2.5 Boys 23siW(of dYTE 0MEX|Q 5= Xto|7F 27
SE7F =2 Kol F71H21 0IMHA] ZE 7t BiX|=|ojoF g A LIEFLEX] 2UTE EESF =7 S-Dot H|0|E{Q] HR EEX| & Ofet
olct. MUzt Sut=tol F2 Hag FAS dElwt i X7t o AR, A4S flet 01dXIE M sk 2Ho]
= dYToIH, 5| A7 T X JAL SI7 |10t Z2 X Zulof e & F20| LstACt S-Dot HO|E{Q] B Y|
o ol OIMTX] 2| 7t BiX|7t 225t S27 HSE 34 OlojEier HE| AES BHele 2ot MEet 240] Jkset

st=BIMEtEl=E2F] 123 45 (2022)113
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