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O ZAIGS 1 ZONHA|(PM-2.5), TINHAI(PM-10), 230s)
(NEIA A PM-2.5, PM-10 / S&7]A 2% : PM-2.5, PM-10, O)
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- o273 7
BenMAP(Environmental Benefits Mapping and Analysis Program)2 0= EPAO|A Tfj7]A! wHatof o
= 270] WolEAe glstol Jet me 1o e o)A Bl AL ARAe] 7S AN B4
O 2 ARgEloigit). 7| P EAY] wk wetof HlH AUPLES oI5k, 1o T FAER] 7RIS
Fske ol & 7lse® FuloiME= oju] AREHE vt Qloh. 2 RAMIME 20219 S
BenMAP-Community Edition 1.5(U.S. EPA)S BAK|Hof| 2t 2 ~A5te] 717)F| ok Hrto|| &85
At

BenMAP

Health impact function

AY= Y, (1-eB aPM) * Pop

GIS data " Pollutant change (3 PM) VSL Korea
Pollutant Population (Pop)
Estimating

Economic Values

Baseline incidence (¥,)

Population

Effect estimate ()

Baseline
incidence

Health impact (3 ¥)
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QAT ARG 654] o402 TRAT ARl 4 4ol THE AR iRl Q7] T
2 VR0 2 25t ANSIAUA/ NS BT BenMAP L2 7380] 2Jupge ofel It 2ol
Ueirtet P AFULS vioR o] ool ol Aut ARat 22 ARtetn Al AR RIS A
8alo] AR 7HA1S 2ot 202 AIYEICh B4 BenMAP 150 AMSE ZGALEL of] o]
AT,

g

B (R)OMHA| FoR/ZE TP T SsHA7|E

ggrte e
cAOIEEA AR AH Ale

R

1< T+ AP e =715 E aY, https://nsdi.go.kr/

SE FRUSE A7 FEMAT AYEAAHAL, htdll://jumin.mois.go kr/

- APY ARl AFYAF & A% ufo] A 200 -gdAH] A, https://mdis.kostat.go.kr/

H @3 3(Generalized Additive Model, GAM)

GAM2- 14> Alo]9] PAIS &4 FEZE obd AA|| Atme] Halefo] 2750 Alls d8¥as2 vle
2790 W W42 BRI thgo] Wao] WA} AAolx] oS u] A8 4 9l 519) o]t Cho
et al., 2000: Bae, 2014). AFYNE A 25 FHASE ot 712, Yk, SvIde] UuE,
U1 712 5 7Pgeso] ol walel W, W, A 5 AR Q0] olgh Wake EAlsb] gistol BRAS
£ A8SIAT AU Ae Huisas Aste] ¥goR Flslel HEACR (KAl 2
U 0F0] 87 Wpo] YIRS SUNSE SR SFAS PESIAT BT PEHE Sstel 2
oAl R 4.0.0 22739) mgev W7 IAIoIA] Al GAMO] @42 ARS8 AL,
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Base model
logE =S +S8 +D + D + Pollutant

PM-10, PM-2.5, O, model
12 2. GAM 3| Y239 1=

- AU 2 3(Generalized Additive Model, GAM)
ATAAE AFGAL 5 S50k R0l dHHesS sht 37t FustaA 2] A4
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32 SHlslgon] oA AAe] YR|ES PHslol E7Re] e SHelsi

H 2 AfLEHAE GAM 3| HEE AL500| AREE H

AtGQIE case LB PTTEEN
. 71384 Q@ e, AF T 7L, LHF U7, LHF ATEE
%13:34 Ata & 2Y, A4, ¥ 4 Y
d7ledas =715 B2, https//nsdi.go.kr/
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07| Fof 23k AR 1Y Hord 7t 3

- B
SIALONA 74t Az 2ol o3t 3Fe BRIt 9] Tl (R)lMIgIAIE 2 @ E] At F4%
2ATLAE 40)Q] HekFo|E T AT Y P = (relative risk, RR)QF Z1F] 3 & (excessive risk, ER) =2 HEg
2 9lct RMEAe) A9 1 gfao] elo] Ueh}r] urks 4oy 2419e] K|l TE Tix|oe
(Lin et al., 2017: Qiu et al., 2012) GLA 5L F7HK]Q] H=5 7|2 2Ho] st 2 Fgo] o7t
Sl 22 Hgstel A3HQ B Tasic

RR=¢", B : Regression coefficient of PM10, PM2.5, O3 T}7| @ EEA! =wof wh2 APUA} 49] Holek
ER(%) =(RR—1) x 100 5370 T2} 7|E AFYAL 80 S7161] He vle

Base model

Fitting of daily mortality counts
only with meteorological, time, = Selecting variablesthat make AIC lower

date, month and season elements

= Entering each variablesstep by step

= Calculatingthe delay effects of daily
mean PM and Maximum 8hr average O;
from O to 5 days earlier

Base model + daily mean pollutant = Determining the most effective delay date

13 3. GAM 2| HERAY = Y

O AT A7IAT R (value of statistical life, VSL)
- 712708

Z7) AP Aol T FAIRRI Bk AFYRIR Aol tigh Xl 2eAadS Qjulsty] o] AMS AT
AR 2 A & otk AMYHE A AT IR = ZiQ1oIIA] A8 Rl = AfY7Fs &Ee] A Boishk= Ale
RS AFY7Fs/de] AVt 10](AMY) 2 mi7bA] &gt FRE ojulsttt. 7lQlof| wet Xpol= QX|Tt
A7Hs7dE msh7] st A ZAEAZ AP 71K ek 2k 7HQIEe] 7HR] 2 & & Qlt}. QA
GRS S TR Wi B WASS Tfslol sloE J1E0 A7 AUS BEIIAKAGA,

2006; ¥ @], 2007:. U.S. EPA, 1999; sh=33Ad1d, 2023).

HA71K10] 27 WS R AVYol S ARV $2 9istoel )% EPACIA AVSEl 2he 59
F795H YA SRAIATANA BIIRE 3L BRI 202 WIIGCE 202041 71F ]2
of) 93t AR FUAT IR 1.378,020.45490 2 Z75(20224 LE)FIAT 0] 5412 BenMAPo]| s}
of C7| ool O3t At ARYAF 28 HAIA V1K Tkl B85t

1913 GDP(PPP)K

(VSL) x = (VSL) . x| 1913 GDP(PPP)

J*x (8&), x (CPL,/CPL)

(VSL), + AR (policy site) e=(K)9] t A= AFFHELA7HAI(VSL)
(VSL)p © AR (study site) =7HF)2] 0 FE(71EA =) AFFH G4 HRI(VSL)
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1919 GDP(PPP) : FUEG7H(PPP)S st 1919 GDP
CPI : AB|RFE71X]4(2020=100)
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3. ZApAL
O BenMAP UZHAt=
- $414 BenMAP
FAFE BenMAPO] Qe Alat Wg710) ARt 2022 EAIT)7 1S A (R)0NUA] 4
o =5 3 Q0] A7 I =50 AF|TR], 2022¢9] L-EH QLEA|, 7|& AHUE AtaE, FA]
AraS sttt 20221 RAR] EQ19= 3,317,812 0] QAL 654 ol QI 712,412 0.2 A
AT 5 21.5%5 AAGIROH 2 Qg sfletiollA of 386, 785‘35‘_§ 7VA} BT o)A
39,6892 7P Agirt. 20229 L 7% AR G| mAI7 1584 28704 RQEAL YBH 5=
o] 2020 AL UL AFSHN SRR 233 ET) - 32 g/ ALY ), EOAIRIAIE 11
(=) ~ 19 ug/m’(AH2) WAL A9} Aol 5 AR 290 Wi, A=) 8T Bt
9] FFAE 4R ~ 51 ppb(71 ) IR SRAIM £ HoR e,
H 320229 28 654 Ol4 A AH(EH) U HIB(%)

—

shec] AR Al 5 0 s dF A9 S8 A 18 29 BN d= A 5 5

[

654 o]"d 76,256 75,685 65,745 55,768 54,881 56,961 44,099 52,128 42,960 31,204 40,697 18,996 32,778 28,432 24,354 11,468

A % 386,785 355,917 301,987 278,857 273,226 256,333 203,536 221,256 203,789 178,614 203,356 143,207 108,156 105,192 86,462 39,689
654 o1 197 213 21.7 200 201 222 217 236 211 175 217 133 303 270 282 289
oI ujg . . . . . . . . . . . . . . . .

Wz
386,785

. g
39,689 23pg/m?

<QI LR I(H)> <Z¥7 PM-10 FX(ug/m3)>

Py
11pg/m?

<U™-F PM-2.5(ug/m)> <BA|Zt WA LESEO UX| TX|(ppb)>

- OL

I3 4, 2022'4 HARZ|Y o1 R Ol (R)O|A|HZ| - 2= =&
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(R)IMTR] 7]E &

BAIR] 0] At DAL= 2015 46 pg/m’ollA 2023 31 pg/m®, ZOIHAE 2015 26 pg/m’
ol 20239 16 pg/m’0.2 ATt O)71874 71550 ng/m’, 15 ng/m’)at v Wt olHA|E stelshe 4
&, ROMNRR]= 7153 RARE 2E0A aFAoltt 20201 AAIRIQI 321419 HgRlo s Ad Rt
40| 2900 0] 207210} 7P S 2RIk 20230 RCfu] B4} A4 F7H3L 922
OAHA] e AdEct 4pg/m’ Z7HIG R0MHA] See Adwct 1pg/m® S71HIch

PM10 (pug/m3) PM2.5 (pg/m3)
50
046 L, . 40
~~~~~~~~~~~ 30
32 % = -1.7333x + 3520.3
30 27 3 20 26 27 26 ! :
y = -2.4333x + 4949.7 23 21
10 17 15 15 16
0

2015 2016 2017 2018 2019 2020 2021 2022 2023

2015 2016 2017 2018 2019 2020 2021 2022 2023
13 5. 2 (R)0IMER] 5= H2H(ug/m3)

2023 -8 AP UAHA] B 28~ 36 pg/m’ 2 AF1t0] B E X7} 0 ~ 8 pg/m’0] . ZolNH
Ale 13~ 19ng/m'2 Adite] AP} -1~2pg/m’ 2 UERTE 20234 249FS F78517] 913t
Z1E wEE 7 TE dde] dud sEAlR sl

B 4 HECH 2298 (R)0IMHA| 55 H3Hug/m)

sied A Ak & &

ot

A 3" A 1B 29 BA = A

ofn
o

PM10
(s=AD)

+3 +4 +4 +3 +4 +6 +4 +5 +4 +5 +4 +5 +5 +3 0 +4

PM10
(2022)

27 30 30 28 25 26 26 23 32 24 29 28 23 30 30 25

PM10
(2023)

30 34 34 31 29 32 30 28 36 29 33 33 28 33 30 29

PM2.5
(5=xh)

+1 +1 -1 0 +2 +2 +1 +1 0 0 +2 +2 +2 0 +2 -1

PM2.5
(2022)

14 17 18 16 16 14 15 14 19 15 13 17 11 15 14 16

PM2.5
(2023)

15 18 17 16 18 16 16 15 19 15 15 19 13 15 16 15

°F IE &

HAK|O] AF QF SE 20154 29 ppbollA| 20234 33ppb. Aol we} S2he il
4% 200, BARRE B 0] UATA| BT EFF 20154 41 ppbollA] 20234 45 ppb2 A%
FAIZ 2 AR 557t QBF S o] 11~ 13ppb & 2102 Uehde). 20234 8AT B
s0] AR AP Auct 1ppb ZAsIAck

S
o
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O; (ppb)

70

60

50

40 y = 0.4833x - 944.74
30 =48
2029 30 32 9 30 31
10

0
2015 2016 2017 2018 2019 2020 2021 2022 2023

33 33 33

Maximum 8hr average O; (ppb)

y = 0.55x - 1067.3

2015 2016 2017 2018 2019 2020 2021 2022 2023

2% 6 BRI O 5& #3Hppb) Y 2H 2

2023 L AR Ht F = o] A TX] A
2 UERRT 202399] 1173 9e= 37851 ¢

ABF AR Sk

32 40~ 51 ppb Adate] SEAPL -3~ 5 ppb
F st (H)uAeRIe SLsh 12 Al

I ;lo
N

# 4 dAOH L-2E LEEGAT Bd 552 22 1%|) 55 #HelH(ppb)
i I B S - - S 7 = - T " S [ S B o B LS| 5 3
ey 0 2+ -2 0 0 -2 -3+l 0 45 2 -1 o+l 41 42
(28232> 45 45 44 47 42 A4 42 45 41 51 46 45 49 48 46 42
s 45 43 45 45 42 44 4 42 42 51 51 43 48 49 47 44

- ARt 4

20158004 20222 SALR|] At -8 A
I2) 18, 87004 25,9240 2 AybE0 2 St FAo|n H@w
9990 5,965, &5/ kol ofat A} A 2,0370A 2,799

2Jo1S AI2Igt AFYAF (xIeAA
A gto] oJgt AR} 2= 4

HERACR BRI 1 ATk ol met ek Afuit

L LS

902 BUZF WP AR 2B AAAY 5743, YRR 2% 1459, 5717 2 6302 N
2] Aghol] O3t AR 27 3871 AUt Cha Slc 654 ol Ayl HE e o3t
AR 2L 44958, BE71A el O3t AR A 2143802 Zb2E HA AR o] 85.0%

92.7%2 ARttt

BenMAPo]| Qs /1% AlE-2 4715191 24

2 §Hg7] Slate] 20154014 2022192 1 Q174

off Thet AFALR APt on] 654 o]/ Q1=tet 654 nJRt QIGte J-E5te] USRI 654 o 1+

109} e Al ek ARAL S oF 7379,

o0 uwa =

108 B oF 269, SE71) e AYAL S oF 7

257 1A 2 AFYAE 5 oF 3517, 654 D]ek Q14

Q-

3019l



E5 U AR 4 sl SHUYD)
AUl e =37l
2015 18,870(51.7) 5,062(13.9) 2,057(5.6)
2016 19,207(52.5) 4,999(13.7) 2,117(5.8)
2017 19,695(54.0) 5,000(13.7) 2,436(6.7)
2018 20,821(57.0) 5,235(14.3) 2,596(7.1)
2019 20,278(55.6) 5,121(14.0) 2,037(5.6)
2020 21,142(57.8) 5,518(15.1) 2,244(6.1)
2021 21,780(59.7) 5,412(14.8) 2,220(6.1)
2022 25,924(71.0) 5,965(16.3) 2,799(7.7)
wA o 167,717(57.4)  42,312(14.5)  18,506(6.3) 31 7. AFIERIOIE LAH| (L)
O WIITES
- (R)IARIRl] 217
(R)0ARIRI] AT BAR L B4 AAS AP ESTe] /MBI BAK|S Al e Al
AR G 32 A DAITA B3 sk ele] Z0UA B S50 71 e 9UE usln 287
K} 5k

Al Agho] AFIAL = 29 A UNEA] Bt 550 3Y A RUINUA] B w20 7P T =
gh= 108 YERdTh Uyt nNHA] 527t lug/m3 7101 A Algho]] oJgt AFYAF = E|T
0.045%, 25717 A& oJgt AFgAL = 2|h 0.079% 5716t Y Z0MHA7E 1 ng/m’ 715t
W A A Aol O3t AFUAL = Z|T)] 0.048%, S571A] Aghol] oJgt AFAL = Z|of 0.128% Z7t
Sk o' et A Attt o571/ Aghll O B2 JE UlAl= o= AN Q). 654
ol Aol shlire YE DAHAIZE 1pg/m® S716tH AldaA Agto] ot AlgAL S A|T)
0.035%, 35717 Rkl °Jgt AFA} = Z|of 0.080% Z718he R0IHHAIZT 1 pg/m® 7151 A
A Agho]| oJst AFYAL 2= Z|T) 0.065%, 55717 Agho]| oJst AFYAL 2= 2| 0.126% ZS715H=
o2 FAALGI FARE FFo=2 Lepdth niNHA|of st AduA Agt 2 AlgE2 AA|AH >
654 o, S571A At 2ut AlTE2 654 o) > JA|AY, Z0IMHA] Qg AEA Agt £}
AFEE-2 65A] o4 > A A, R0IAHA|0 40* 571 Agt 23 AFYE2 AA|A™ > 65A] o2

2, (R)UNHA] 5= Hatof] ThE 2t AFFEC] VA= ARl Tt Ast s Holx] kot AghE
AFEAL o §8te] £R] Ado] Tt ohaA] LERGTh

HHAE 65M| 0|4
Cariovascular Respiratory Cariovascular Respiratory
1 )
wn ,'f A <
© < © O @ <
géﬁ%goééiﬁ%gé g 8l3+2+:c1»1 g 2 1203 1% g
d S S ] = S d 9 > d
= g S 2 I3 s[2 T P lg s 1I'g g g = =
day day-1day-2 day-3 day-4 day-5 day day-1day-2 day-3 day-4 day-5 day day-1day-2 day-3 day-4 day-5 day day-1day-2 day-3 day-4 day-5

137 8. @B DM AAAAE 20 AMYE 2E(%)
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HHAB 65M| 0| &

Cariovascular Cariovascular

0.035
0.0646
0.048

day day-1 day-2 day-3 day-4 day-5 day day-1 day-2 day-3 day-4 day-5 day day-1 day-2 day-3 day-4 day-5 day day-1day-2 day-3 day-4 day-5

137 9. @8 ROIMHZR| AAAAE 20 MYE 2E(%)

oz |
O O
QFEO] AYFTLRE AVt A, 25714 Aol ot AFAL = 3Y A 8ARE Byt EFEO]
YR TR 7P W A Wt 3Y A1) 8ARE Bt @F-5=9] YF| A7} 1 ppb £716HH 257
Al Agho]] 9J5t AFYAL S+ 0.065% 57 FH= 7102 LEREY 654 o)A} A3jof] Sisfia= 0.088%2 AIA]
Aol vlsl xab AlEO] =2 Zloz UET.

o

HH A 65M| 0] &

Respiratory Respiratory

0.0117
0.007

day day-1day-2 day-3 day-4 day-5 day day-1day-2 day-3 day-4 day-5

qY 10, QEBAZ HF SE YDA 3 BEI|A UE 2T AYE LE%)

71& sk weto] g A9

(ZR)UAHR]S] W} =w7} 1~ 10 pg/m’ $7F04 U5 - M| ARG AldaA| Agho] oJgh Zu}
AFE-L 0)HHA] 7} 0.044 ~ 0.446%, ZOIMTIA]7} 0.048 ~ 0.479%, 5577 Rgtol| o]t Zut AjgE-2

i
32

OIAR]ZE0.079 ~ 0.792%, ZOIAHAZE0.128 ~ 1.2882 Z0IM|HR|Q] Zut AlgEo] o= =
on] SF7A Aol olet Zut AFgEo] HZuA| 2 tin] UMHA|7} 188 ROMHA]7} 2. 780 =2
Zlo 8 UEpT) 654 ol Aol 1~ 10 ug/m™] sk wslol] wlet Al@uA| Agto] o)g Zul Al
50 OIA[HA]7} 0.035 ~ 0.354% ZOJAHA]7} 0.065 ~ 0.648%, 25714 2ol gt Zut Alg-5o] U]
AIRR]7E0.079 ~ 0.797%, Z0IMHA]7E0.128 ~ 1.288% =2 A AZut FAte 4 Btk 289 4
S 8ARE Bt 50| LA UAP7L 1~ 10 ppb Hetelol] T2t 25717 A%l ofeh Zvp AFE2 AAIAY
ofl4 0.065~0.650%, 654 o]’ doflA 0.087 ~0.878%= LJERITE.
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B 6. (R)DMHA| Y EEBATH B 529 L2 1Z|) #Heto| OHE 21F AFYE(%)

ol = c[(X)0| XA (ug/m’®), 2F(ppb)]
1 2 3 4 5 6 7 8 9 10
PMI0  0.044 0089 0134 0178 0223 0267 0312 035 0401  0.446
PM25 0048 0096 0144 0192 0239 0287 0335 038 0431 0479
A A= PMIO 0079 0.158 0237 0316 0395 0474 0554 0633 0712 0.792

ox
ek

rd

357] PM2.5 0.128 025  0.38 0513 0.642 0771 0900 1.029 1.159  1.288

O3 0.065 0.130 0.195 0259 0324 0389 0.455 0.520 0.585  0.650
Alslm PM10 0.035 0071 0.106 0.142 0.177 0213 0.248 0.283 0319 0.354
o2 v

PM2.5 0.065 0129 0.194 0259 0324 038 0453 0518 0583  0.648
65A4] oAt PM10 0.079 0.159 0239 0318 0398 0478 0.558 0.637 0.717  0.797
PM2.5 0.126 0253 0379 0506 0.633 0760 0.887 1.015 1.142 1.270

O3 0.087 0.175 0263 0350 0438 0526 0.614 0.702 0.790  0.878

fol
ol
=~

Q BenMAP 43321}

- OJN[EX]O] ofgt g FY R Helw
2023\ BAK| 0] 1 ] D]AHA] AFH 5= §isHs 0~ +6 ug/m’ M2 ARHoR 45
FAIQ1 Zlez Uepdon, o5 7[&og gt 27| AFYAL = AE¥ Ago] 8.851%, 25717 gho]
9.025% 5716k 202 ZAESICE ol 2015~ 20221 22 §1Q1of )3t A7t AR} 0] HF Ty
247} oF 0.17%, 0.39%0] SIFEI T LHF AFYRE 2o v DT 9 224 0612, 1429 Sob whioie
ARAL Ze0]l SHFECE T8 A7) AR b AEI Do) 0~+1.010%, 55717 o] 0~

+1.025H 02 45 st &2 A|A(IP)at A7} B A|SYGHRTh)olA £7] AR 27t EA) LR
Ok £7] AFIAL 4 E710l) AR AT RIS M Rsto] AAA THK1S ARTsHE AEuA] ek oF 122
A 557]A Algt oF 1249Y0] &A1a AN 654 o]AF o1 thAko 2= A& A| Alsto] oF 105
A(7.603%), 25717 ZAgho] oF 116214(8.438) 0.2 212t KA H=49] £7]| AFUAIS] 85.9%, 93.5%=

APR|SH= 7108 UERdT

# 7. O/MHZ| &or0f ofgh 27| AYRF 4 Heket ZA| 7tz =74

Z7] AFg WD) BAIZHR] F7(TH)
A 3571 A 3571
ZAR A 6541 014 AR A 16541 o141 FAA| A= 16541 014 RA A 6541 014

Sfj-2ch +1.010  [+0.860] +1.025  [+0.955] -139,161 [-118,520] -141,262 [-131,549]
HAMK] +0.746  [+0.640] +0.760  [+0.710] -102,750 (-88.171] -104,733 [-97.872]
Alst +0.779  [+0.671] +0.795  [+0.745] -107,316 (-92.477] -109,620 [-102.637]

= +0.596  [+0.506] +0.604  [+0.561] -82,157 [-69,704] -83,230 [-77.,369]
= +0.673  [+0.572] +0.682  [+0.635] -92,804 [-78,803] -94,048 [-87.460]

o +0.987  [+0.853] +1,009  [+0,947] -135,965 [-117,584] -139,100 [-130,453]
AA +0.615  [+0.529] +0.627  [+0.587] -84,729 [-72,889] -86,468 [-80,897]
=24 +0.779  [+0.671] +0.760  [+0.716] -101,758 (-88.879] -104,687 [-98.627]
At +0.518  [+0.444] +0.528  [+0.493] -71,415 [-61.185] -72,721 [-67.907]
717 +0.488  [+0.403] +0.487  [+0.447] -67,228 [-55.511] -67,109 [-61,597]
29 +0.507  [+0.442] +0.521  [+0.490] -69,865 (-60.900] -71,806 [-67.588]
A +0.296  [+0.229] +0.286  [+0.254] -40,800 [-31,578] -39,381 [-35,042]
Jr +0.465  [+0.422] +0.488  [+0.468] -64,065 [-58.098] -67,275 [-64,468]

A +0.314  [+0.280] +0.327 [+0.311] -43,218 [-38,567] -44,994 [-42,805]

%_ - —_ - —_

= +0.119  [+0.108] +0.125  [+0.119] -16,449 (-14.820] -17,216 [-16449]

SHA| +8.851  [+7.603] +9.025 [+8.438] -1,219,681 [-1047686] -1,243,652 [-1,162,719]




4] pg/m3 EIVL 2714
et 8.85194 =7} 3 9.025% & f}
(k122971 &4) (2124251 £=4)
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