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= Higher lung cancer risk

Blood
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Brain

+Increased cerebrovascular
ischemia

Heart

= Altered cardiac autonomic
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» Oxidative stress
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Identify sources and quantify E !! _ '_'- (‘5
emissions (e.g. PM, SO, NO,) j_l 5 i I:*;

Calculatedispersion of
precursors and concentrations

Stock at risk, e.g. population l

Applyconcentration-response
functions to estimate impacts,
e.g. health impacts

!

Value using market prices or
non-market estimates (WTP)

®

S0

Concentration

[Z¥ 11] The impact pathway approach

Alg : Impact pathway guidance for valuing changes in air quality, 2013
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Study) & Btz Agstedd i vAdA = Q1 27AAeE A7

[7IE AFEE] x (1- 1/[?1-H|(Hazard Ratie)]*([PM2.557tE1/10pg/m?) x [217 ]

[Z9 12] 27| P8R 38

Al2 : Greenpeace, 2014

o ‘Impact Pathway @& ARERE 23} vid ol A 251l Aekstsdd o

A ot MARAR Al 160090 NEF, 584 A48, waad A8, 9
71 0

oF, 71 Auds 507 27| AMgshs AR FA%

<E 7> Agsiadld vAbAR 7 A8 27AAS(E)

sesEeass 9 g | G RREL, | REUIAS | abeens
HES 370 640 270
84 A 330 580 250
el 2 Eesi Ry 150 260 110
#H % 120 210 90
71e} Al 23 120 220 100
AA AAH(F ) 1100 1900 810
. A 640 1100 470
o AT ) 1600 2800 1200

Al2 : Greenpeace, 2014

_17_



3. M=&E-+5=(NASA)

39 4

Latitude
38

37

n= 3FE - (NASA) A 200595 201437b4 <F 10 B¢ HAA 19570
LAY o]kt A(NO,) O] 91743 #5E A A ey, oikstdaTt 7MY &
AsHA ARl BAIE AL gkt dx kR =AQD Ao ® Y A
o] oAb A (NO) S S7HEol obAle A Afuh Mg 22 Ay ALt
e Addtel A Wiegs AN BAss Aem A%
vz §F39-Fa(NASA) Y +=%(Duncan et al., 2016)9A4 E4d W& =9 A
gk Bobe WgAd 248 T e AR <9 13> o] giiix 99| ¢
S Fol AW 2005 o] ¥ F7HEo] AT
8] F2 o' Uea(dF1HE AEolA ojistd e 7t Hae AWstal
.00

TR Q25 O M dhitA ) wskas Ad)

OMI tropospheric NO2 VCD (2014) 2005-2014 change 2005-2014 change

Longitude
125 126 127 128 126 127 128
& =

| ___ | e N |
00 18 36 54 73 9.1 10. 12 37 -22 -07 07 22 37 60 -36 -12 12 36 60
x 10" [molec. cm?] x 10" [molec. cm?] [%]

[Z9 13] o3t d a9 F7he

A}Z : https://airquality.gsfc.nasa.gov/sites/default/files/airquality/ana_city_trend_Seoul_SouthKorea_map_7.jpeg

o}

miru

NASAS| OMI $17dolA olrtabd o] FE=s S4shs WS A 73 &3
~HEHS o] felo] A5i4S4H(Differential Optical Absorption Spectroscopy,
DOAS)ell olgk Ao, AfolAe] Aot A d7|S54%e] gt oAy, 4
& g9, AL 99 479 WS TGS} ek
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<E 8> 34 9712343} NASA OMI 943 &49 o)A

T ST (FHEEAEHL) NASA

Ao NF BRraEDS of
&3oto]l  AbswdETH (Differential
Optical ~ Absorption  Spectroscopy,
DOAS)ell oJ3t Zo2 S4gke i

4 U 715 %% (molecules cm 7,

ssh AU (Chemiluminescent
Method)o ¢J Aoz 1 ZAUS
574 Wy AE A oA 3] =

(F718A4 1009 & olitstdiel

M2 ehd UHA=1 cm?, Z=o|l=tFHo]
He A7 We NO. F M
)E e
g g | VIFIY L S0 ol ave | de 9, A 99 839 W
o = A 7154 Eoly

4. AARAZ)-+(WHO)

o AARZAZIF= HARA(PM, PMys) 9] g2 <lef why sl gdudd, g4 A
ARG, HET, A%, 54 s 2571 A% 59 %ol SR wet vARAE
I Ted= qpgska 2011958 A A EAE] vARA Q9 ARE

TAEte] AlFetaL A

o AARAZFY wAUAY] AGF FEHL A 5 E LS B3 SAHA 9} 9
A dlolE 59 thket 2] HolEE xdsle] T RS B AT Ay

o #(2016.05.12.) AMARZAZITFAM LES nAHA(PM5)9] FEE 20080
H 2015957049 5 ghomd $euele] A FEE 275 pym’ 24 67)
THOE RGNS W Al HAl 559 $AE Ho 1 AS(aY 14). 1 SHe=

TEE =AE v, Add 2409, m290], wEAE, QAlof ol Folw mAd
Al 7ol B oR Ut 65 HoR TEE A l oJRE, Q% T ¢ AL

Z Ve
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Concentration of particulate matter with an aerodynamic diameter of 2.5 pm or less (PM2.5)
in nearly 3000 urban areas*, 2008-2015

Annual mean PM2.5 (ug/m3)

s <10
10-19 L U T ;
20-39 '*; v &
s 40-59
* 6099
* The mean annual concentration of fine suspended particles of less than 2.5 microns in diameters 00073003 003 Kiameters
* =100 is a common measure of air pollution.
The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever  Data Source: World Health Organization % World Health
on the part of the World Health Organization concerning the legal status of any country, teriitory, city or area or of its authorities, Map Production: Information Evidence Orgamzauon
or concerning the delimitation of its frentiers or boundaries. Dotted and dashed lines on maps represent approximale borderlines  and Research (IER)
for which there may not yet be full agreement. World Health Organization ©WHO 2016. All rights reserved.

[ 14] AAA =AY PlAIEA (PMzs) $5%
Xz : WHO, 2016

5. 34 A 3} x] 4= (Environmental Performance Index)

o BYAIAFEPDE WIF AL DA ALl Aok FAATA AR
B2} 3502 BAste] AAAAZAWER el Behe A5eA 27P8 B45E
& ARsslel Brleks 87 Pk HALR AR Fol s}l
o BRATAFED BAES BEE SRR AHA 549 F 2 A
o 9% BARA Yyl AYIT, WD, A% % A4 Robl Tl
g Rl A, A2A, AU, 9, A, o9 ot E3slol

o <3 9>3} o] FANHAF(EPD O] A5 970 #oF 207) A xel| ek TA
ol A(100%4 wH)& Aat, di71de] 4 Ao 8AmE ARate] wAH
A (PMzs) 9 oAkt A(NO,) o Bl F43hs AHE3

o $-fuzte] SAATAL(EPD) £9E 2008 519, 20099 949], 2012\ 439,
2014 439], 20164 809 A4Fo] A Wolx 1 Y= Aoz ERH(199)
A 109 A=, ojol&a, Agdl dula, Xgx 5o §8277) 2HK)
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<E 9> FAARFASF(EPDY FrHAEY 71E4]

EPI Objective Issue Category** Indicators*
Health Impacts Environmental Risk Exposure
(33%) (100%)
Household Air Quality (30%)
Air Pollution —  Average
i | Exposure to PM2.5 (30%)
r t i i
pvironmental | Air Quality (33%) e Pollution —  PM2.5
Exceedance (30%)
Air Pollution —  Average
Exposure to NO2 (10%)
Water and Sanitation | Unsafe Sanitation (50%)
(33%) Drinking Water Quality (50%)
Water Resources
Wastewater Treatment (100%)
(25%)
Nitrogen Use Efficiency (75%)
Envi tal Agriculture (10%)
Pr)le\[gg?r;naenrlcg Nitrogen Balance (25%)

Index (EPI)

Ecosystem
Vitality (50%)

Forests (10%)

Change in Forest Cover (100%)

Fisheries (5%)

Fish Stocks (100%)

Biodiversity and
Habitat (25%)

Terrestrial Protected ~ Areas
(National Biome Weights) (20%)
Terrestrial Protected  Areas

(Global Biome Weights) (20%)

Marine Protected Areas (20%)

Species Protection  (National)
(20%)
Species Protection  (Global)
(20%)

Climate and Energy
%

Trend in Carbon Intensity (75%)

Trend in CO2 Emissions per

KWH (25%)

At= : EPI FINAL REPORT, 2016
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o 2016\l &= =9A7F wetet A HAEA(PM2s) & 7|9 o® Qg AW
Fedol & Aem Hriwo R FE 1793 Environmental Risk
Exposure) ¥} th7]& HFok(Air Pollution - Average Exposure to PMss, Air Pollution
- PM,5 Exceedance, Average Exposure to Nitrogen Dioxide — NOs, Household Air

Quality) @] 371515 shetel]l 71Q1gk Alow #4914

<E 10> =9 254 9 dst
O~
no EPI <=9

2014 2016

AdeE 29 103

AR A o714 166 173

2 g A 37 35

T2k 18 19

A2 A) 108 126

o117 93 83

e A =244

=4 152 133

A4 62 32

o 69 33

=3} 43 80

A= © EPI FINAL REPORT, 2014-2016 X2 Ha|
6. A 7% +(OECD)

o AAFHANL7|T(OECD)E= Ao ti7]ede] od AAZ A3 (The economic

A
2 mAHA(PM:s)9F AxH & I7F=E Qs AEH H|ES AL
ENV—Linkages model®} a computable general equilibrium (CGE) model®] AF&% %)

(a4 15)
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Economic

g ket Emissions Concentrations Biophyisical
activity impacts costs

AR ROREREIRA NGO R U OBUERNRORUDNHIBINBORERNROPRBEINANRONEPROPAOFODAIRINEORADROIIDS

[Z8 15] ti7]egol A% BAH Ao A7 A A&
= : OECD, 2016

o AAFENEY)TE(OECD)E th7]19A(PMys, 25)o 93 z7|AbdA47) 20104
00%F B oA 2060 d= 6007 A 9007 Mow H58 Aow AW

8 2RI S A0R AEE TR Ans R A4HGS

w

|

o ghare] <1 1009HEY 7] APEAEE 2010 359905t th7] el thg-aHA]
erom 206040l 1,109 0.2 3.14] F718Hs Ao® Uehd OECD %7} FollA
M EEe Ao YERH(FT, % Al9)

@2060, higher estimate  m2060, lower estimate #2010, based on GED
2500

2000

1500

10003

500

* @
7 III.I sl an Il i B I | |
] a =] -+ =] ] ] c = ;| | om ]| ] @ | @ o
BIE(212|5|2|8(%|8|E|2\2|F|5(8(B|5 |8 8 =882 ¢
59|48 sl3|a|2|3|=£|0|8|& g g|Z|g|lalZ a5 =2%
o Sl | g | ] el o D|E|lw|l®R = | E .0
Do =4 g a2 E|2 5|5 5|2 %
= (= @ = = = n |2
2 |# g |&8|°] |®
Qo | |
QECD America EOECDEumpe;OECDPaciﬂcl Rest of Europe & Asia Latin Middle | South and South- Sub
America | East & East Asia Saharan
Merth Africa
| Africa

[Z¥ 16] dZ7ILBPIARA], &F) =S & 27| AR

A= @ OECD, 2016
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Model Configuration

«  WRF (Weather Research and Forecast)
* SMOKE (Sparse Matrix Operator Kernel Emissions)
e CMAQ (Community Multi-scale Air Quality)

CMA
Q WRF
Version Version 4.7.1
Version Version 3.4.1
Chemical Mechanism SAPRC 99
Micro Physics WSM6(Hong and Lim, 2006)
Aerosol Madule AEROQO35

Cumulus Scheme

Kaio-Fritsch(Kain 2004)

Boundary Condition Default profile

RRTM(Mlawer et al, 1997)

Dudhia Scheme

YSU(Hong et al, 2006)

NOAH(Chen and Dudhia 2001)

for the 27km domain Long wave radiation
Advection Scheme YAMO
Short wave
Horizontal Diffusion Multiscale
PBLScheme
Vertical Diffusion Eddy
LSM Scheme
Cloud Scheme RADM

< CMAQ and WRF configurations used in this study >
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Transportation Conformity Guidance

i

Quantitative Hot-spot Analyses in PM, 5
and PM,, Nonattainment and
Maintenance Areas

H

United States
w Environmaental Protaction
Agency

Approach Link

Departure Link

<Example of Approach and Departure Links for a Simple Intersection>

https://www3.epa.gov/otaqg/stateresources/transconf/documents/420b15084-appendices.pdf

Ajou University
Environmental Engineering




Science-Policy conceptual Model 4

Courtesy: Harvey Jeffries
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Geophysical Research Letters

Explore this journal >

Research Letter

Significant atmospheric aerosol pollution caused by
world food cultivation

Western US Eastern US Euro
Susanne E Bauer >, Kostas Tsigaridis, Ron Miller pe

ANT

NAT AGR ANT

First published: 16 May 2016  Full publication nistory E
DOI: 10.1002/2016GL0O68354  wiewssave citation =

NAT ANT AGR

o = ~ w B = = [ w4 a = L) w B

0.0 0.1 0.5 4.0 8.0 120 175 400

M Sulfate Nitrate ] Ammonium [l Black Carbon Organic Aerosols
[l Sea Salt | Mineral Dust

Annual mean total PM, s concentrations in pg/m3. The individual bar charts show the chemical composition (colors), for the
various sources (NAT = natural, ANT = anthropogenic without agricultural, AGR = agricultural sources) over the five populous
regions marked in the map.
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