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Abstract

This study proposes an analysis methodology for air quality improvement effect of transport and
environment policy that are used for mobile pollution sources. The methodology considers the changes
of traffic of road transport sources and air pollutant emission, the changes of atmospheric dispersion of
air pollutants and the effects on the health of local residents in response to policy implementation.
Especially, the changes to traffic flow must be considered in evaluating the effects on atmospheric
environment as it has a direct connection to the effects of the policy in this study. We used bottom-up
approach (BUA) based on the travel demand model to reflect the changes of travel behavior in detail in
response to the policy implementation compared to the top-down approach (TDA) when calculating the
changes of emission level of road transport. We showed the applicability of the proposed analysis
methodology through a policy scenario analysis, and the analysis method can be effectively applied to
the cases in which travelers’ behavior changes are expected.

Keywords: air quality, bottom-up approach, mobile source, transport and environment policy,
top-down approach
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o] SRl Y= Terh Bt FAFE WA H o el net oF, TP AR A A EA SOl dF= T
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3 A ABI(CAPSS: Clean Air Policy Support System)@F 22 5FaF21(TDA! Top—Down
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& A I ES HESHoH, A Aute] e BAS Fote] A 483 Gl
7184, FaRARY o et A 7Hs A= HESHATE A Avte] e B4 9] iR 9 i

e S ] AlFolfAg oz s H Folatd 2B AFAS(LEZ: Low
Emission Zone) A|=5 AESIT E3 7] L AE4-2 AFR] A H|-§o] =2 PM;7 NOxTHS 113515 oH, of
714 7\ Aol b2 A7 E S 2 A 1= HAsHRiTt

m{n

My 2E
=2 EEOIEE‘E% s 2 di7ld, 249% o1 Add+s ot Aok =9 4% Choe et
al.(2009)= GISE Z-83 = 2ol 52 H Y & A8 Wil AlAISHA 2 H, Lee et al.(2012)= A% / 7&*]% Hi

1) 20134 7|E tH7|2EEE (PMyo, ZOIMHZ|(PM,5), NOX, °'”§fEM(CO) SUBIE(SOX), BILY RIISRE(VOC), YZLIOKNH3), HZ|(TSP) Higd &
L O7|2A=2R!I PM102H NOX HH{—WI Clist S20|S2HA HIS2 22 10%, 31% (A HS 22t 40%, 46%)(22EHEfSH, http://airemiss.nier.go.kr)
2) 20144 7|2 th7|2Y22 AlS|H HIE2 PM,s 451.284%, SO, 37.459%, CO 27.719¥, NOx 45,971%, NMVOC 2,825%12Z PM, 2t NOxQ| H|E0|
AtjHo= =S(@HE, 2015)
3) 20139 7| Z20[52YAO| PM;o2t NOx HIZY & ARt HIS2 22 100%, 85%0|H, 2= 10H7H2005-2014H) 252t S&Cs 3 2Rt HIF
2 37-39% U (ZHSASIY, http://airemiss.nier.go.kr, 571|74 http //kostat.go.kr)
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= ety 7154 7N ERol s e d el viEds APEsttt. Eet Ryu and Bae(2012)= ATMSE 283t
EROIFLAY 2ATEA uEFS ASIH 0 H, Yang eral.(2013a)= RO L HY o] WiEFE &7 123
2R 71 24 ke AASt T

Yang et al.(2013b)= W58 R G3 7RG S AASI] E2olFL A vigwel whE s £4

st9.o™, Huet al.(2013)2 A2A] di7]|d BUHH A =25 &85t 24 F£8 L2 0 d=d 55 245t
o}, T3St Park and Ko(2014)= A=A 7H -5 A | 2AL AHE 8510 BUA 7]4H(Tier 3) 9] wEH-E 24171

HiEHE APgotdl o, WS el 2 2A47EA THEa vt BAA] Sy fe] vtgo] 7Hsg BUA(Tier 3) A
IS -85t 2ol Adete AAsH.
=212} 7% Borrego et al.(2000)< BUA Wz} TDA W0 & T 2olF e ¢ uiES 212 AHet 5 t)7]

A 24 A0S vl skl o H, 2] ©he] 9] S e HSkE 11857 floflAl= BUA {Ho] Kt Aget 2o
E5Hr}. Borrego et al.(2003)-2 =20l 5.0 A W& 2 aut ti7| SR AAgtS AA
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Rader(2009)= 584 VMT ZrAof mE A7 FFS B45199.2H, Hatzopoulou and Miller(2010)-2 2 0]
gl e U7 dE 8 dE AR E 2 AlEststo] HESIITH E3t Liuet al.(2013)2 ©A] GPS A 25 &
83 T2 W t)7|4-E, Batterman et al.(2014)2 =052 o ohE ti7]d o] H 4] ofdo] gxtol m 2= FF
= AESI O™, James et al.(2014)2 HAQF QU B Ao obE HHEFS HESHIT
APAT HE A}t ol A= ofA7E7] E2olE e el & Aol tigh A7t thF<l BH, =&jo]]
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Table 1. Literature review

Research Range

Auth
weer Emission Diffusion Health Benefit

Choi et al.(2009) O - -
Lee et al.(2012) O - -
Ryu and Bae(2012) O - -
Yang et al.(2013a) =
Yang et al.(2013b)
Hu et al.(2013) =
Park and Ko(2014)

Borrego et al.(2000)

Borrego et al.(2003)

Cook et al.(2008)
Rader(2009)

Hatzopoulou and Miller(2010)
Liu et al.(2013)

Batterman et al.(2014)

James et al.(2014)

O O O O O
O O O o O O
O | I

O O OO
O O O
|

CHEt W E5HS| 7], A 358 A| 15, 20174 28 39



Article Analysis Method for Air Quality Improvement Effect of Transport and Environment Policy

(1) CAPSS(TDA A 1)
CAPSSE= olv A4ty A4, HIAY
B, HEZo|F LAY, HI7EA, 54, 7Ie Hed
PM,o, VOC, NH3 59| 7719] tf7| e =42 1eftt}, T 20|53 dHe] 7
& %), ek 2k, 54k RV, o] 52te} 2ol 871 A5 1elohH, HiE 32
7} (cold-start) ¥, 2d-F 52 #i&} 2ol
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=W FATY O] F7t - FH o H|o] A(KTDB: Korea Transport Data Base)& ©]-8-3ttt.
o]} 22 TDA - it BUA - W o] A4S 2]t A3h= Table 29+ 0™, TDAS] 3%
Aol A HliEE A Ao dieh HE/d2 St o= T, 21 qThe] B Eade] &9 #iEd F40l=
H, BUAS| B9 AERAREY B A WlE7E AP Hga o085t A B =2 o9 WiEw tHAo

Table 2. Comparison between TDA and BUA

Mobile Emission TDA BUA

Feature After calculating the total emission on the source Calculate the emission for regional unit based on
of pollution based on the national statistics data, the traveler's average activity data (traffic volume,
the total emission amount is allocated to each travel distance/speed, etc.)
region based on the regional unit indicator

Strength Obtain accuracy on the results of the emission Obtain accuracy on the results of emission
calculation from the view point of the total calculation for regional unit or road segment unit
amount

Weakness Limitation on estimating the emission for regional Limitation on reflecting the travel behavior of
unit or road segment unit individual vehicle (acceleration /deceleration,

trajectory, etc.), characteristic of road, etc.

Data National statistics data (total travel distance, Travel behavior of each road segment (traffic
average travel speed, no. of registered cars, etc.)  volume, travel speed, travel distance, etc.)

2) 20|52 Of7|H 24 YHE

713 oA D&Hoh= LAY 2 FH(point source), A 2 HH(line source), H 2 HY(area source) &
or FFo| 7FsstH, ERolseddo] gt ti7ld 4L E=oA sk FHE7H(running
exhaustive emission)°]] tht &4 0] thiEo]7] jEef, A @Y B4 0] 7H53et RS A-§ot= A o] v A5t
o} ole} e mygozE= AERMOD, CALPUFF, CALINE4 5ol 9lon, s HFEL2 % w3k EPA
(Environmental Protection Agency)ollA] 7 of 7]2HiF g o] tH(EPA 2004a; EPA 2004b; EPA, 2008). 3],

M)

=
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CALPUFF®] 79 g} 2333} ge] Alg1te] whef Haloh= 54 714320 1T 4= glom, Bt 29 2 A
2] (o] 200km) &4t RA} 7SS AEE-S 7RI

Table 3. Comparison of atmospheric diffusion model

Model Characteristics
AERMOD Limitation on considering dynamic weather condition
Expanded simulation of short distance of less than 50km
Possible to analyze the point, line and surface source of pollution
Consideration of CO, NOx, SOy, PMjg, TSP etc.

CALPUFF Consideration of dynamic weather condition
Expanded simulation of complex topography and long—distance (maximum of 200km)
Possible to analyze the point, line and surface source of pollution
Consideration of O3, CO, NOx, SOy, PMiq, odor etc.
CALINE4 Limitation on considering dynamic weather condition
Estimation of the receptor of air quality concentration within 500m of street-side (maximum of 20,
limitation on applying to corridors)
Limitation on considering the point and surface source of pollution
Consideration of CO, NO; etc.

0

o] 1o i]ﬂ]x%o] FpstA el i o 2
s Ao g7 = oéﬁc}% 1) 2= 7] H 2] 74l o] what 7
| 75 =4o]H, BenMAP 50| = &85t
Hol& Bt A} 7Rt 2| 2 HA| A-(GIS:
A VA QI 7, ti71d sstol] gk it
= AT 34, FE5E<4(C - R function: Concentration - Response Function) A7} A7 mls] 74, #H
‘—’4’3@ S 91t AAA 7HA 34 5 49 A= A EH
BenMAPO| =5 AytE-2 tf7|ehg 7ol o AR 770 Helolw, Ho] ffmo == t7|ed 7|
Ao g Qlgh X7|AMEAF T4 4x(number of cases avoided), Z7|AFA} Aol 2 ZHAA
value) 5ol Qlth. AAA 7FA & F85t= BFolA 7H & FFE PlA= 802 $AF H7F2] (VSL:
Value of Statistical Life) o™, ©]@} -2 VSL =7t} 4o|517] wiiZo]l BenMAPS =t Aol -8 79
+ VSL F7gof tiet =iu A+21-E vhgsh= Zo] vig2lsi.
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Geographlc Informat1on System) 7]‘?} Dol B apgo 2

A (monetary

° Air Quality Surface

Baseline Air Quality

Post-Policy Scenario
‘Air Quality
o Health Impact Configuration

Population Data -
Change in population-level
exposure to air pollution

. i Change in health effects__|

incidence
i H i Health Impact
° Aggregation, Pooling & Valuation Etns
S (I BAPM) %
sl Monetary value (benefits) of CiC Uy By
1o AllGoodshdex health effects incidence change

(deaths and disease cases)
Audit Trail Report B
Results in tabular formats,
maps, audit trails

Figure 1. The process of BenMAP analysis(EPA, 2015)

Incidence &/or
Prevalence Rates
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4= Stk
L 2olFFUNAN HlEE = LAEHEY t7] T F4F 240l A8 7Heet Y2 AERMOD, CALPUFF,
CALINE4 50] 9l AERMOD, CALINE4 59] 7}-A]¢t o] o] g AAQ 7AEA
& 1ok 23Q1 ¥HH, CALPUFF 5-9] 7F-A|QF B g2 Alg7te] et #elsh= 529 71431
ol Bgoltt, o BPE2 A &) B B2 &9 Mot E A4S
A 2 = BUA B o] viEeF A4 A7 1E a2 1835 4 Qi)
TE i 37420 ti7]1d Adant B4E eIE TR2olF g wiEs B ohyat tf7] Z St #9, Bt
of & lc% 17 7 Tl tigh 127 B s}, 2 AollAe waeE g o] tir1d /R 8t A4S 9ot
AA 7d S E2ol5 oA MiEH AP HHE T A9 @9 e =27 &9 9] AsidE A4 o] 7Hsgt
BUA ® =} 7|24k, e g7 d 7id o= = H
HES Figure 22t Zrol A|AIsHSA .

Meso/Macro

(EMME 3, TransCAD, etc.)

Emission Data

Traffic Demand Model ‘
KTDB, etc. ‘

Travel Characteristic
(Traffic Volume, Travel Distance/Speed, etc.)

Intermediate
Output

Changes to the emission of air pollutant
for each road segment of the road network

Model Dispersion Model Dispersion Model
Dispersion & (Static: AREMOD, CALINE4, etc) (Dynamic: CALPUFF, etc.)
Concentration

Output Distribution of air pollutant concentration for road network

Public Health Model
(BenMAP etc)

Final Output

ENn

Health Benefit

Environmental benefits(number of cases avoided, monetary
value, etc.) under Transport and Environment Policy

Output ‘

Figure 2. Proposed analysis method for air quality improvement effect
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ohet e A AR (2 A= DAY, EXolGAL 5ol e TR FRY J5 = 7Hsolr] w2,

7| TDA R 7] k2ol ded ti7|d 7l et 24 W2 o] ohefet £40] 7Hssitth

B AU =4

A ANT DEBHRA 7187 AT 2 PR B8 7Ps S E] 9Iske] 4 Alvkel 2o o}
2 713 AHET B4 AT OR Sgote] BEFRRFE 2| ©e] 24| /M3 EMME 38, 7|5t
ARAE 5 R, B3 4G 9 A e S BA} 7Ps e CALPUFFE 283h9ch
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71%4 FHHIA0/D, FH2O/D) A2E Bt NEAL 474 L O/D Be HYS Sasllet. 5 A o

AN F0 £ FHOR % 267 A e VENL B AL SBskon, BELEY
I} LEF] OAHE-L ARATATACQ00DNA ASH: 518 0748 30%E A E5Heet E &
82 B S5 Tefelgom A AR Table 49} 2ot

Table 4. The result of traffic volume calibration

Error rate Number of Calibration Point Ratio
0-5% 5 19%
5-10% 7 27%
10-20% 13 50%
20-30% 1 4%
Total 26 100%

AW A SY Aok wgon mRol5 2 U dlodEY MEY URE AP U= 92
BB/ D, BB/, EAA k) 5] BEAD: S48 ggsisiont ) WA AN B
AL ot 27} U2 B Z AR BRI A
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RV, 8, H2, sF2Ah 7t 4344, 2, 54, 019), AR§AGIEH, 29, PG, CNG)# a4l nre ¥
o @R PHEL £ APt g B2 FUsts A0 A5 g, ARG 9T A4 gL
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WFFENA Aot 20149 7| A2 FEH SAAEE S8t e, ZE247F E A of dEglo]
BE Folg 202 1L,

ol e Y& EHE PG L 2ol 5o H Yol mE e HEEE WSS 4Pge A3t 20144 71 PMy
£ 2438 NOKE 5,66120] 2453tk ol A7he #eals ﬂi‘%i’l CAPSSOIA] A1BoHE F20l5-0.51¢l v
27} HlL e BT PM S oF 8%, NOy oF 14% T APHE A0 2 ehon] of lEa 414 4
A e 9 T $50 2o, wEF8Rg o £ 75 Aboll et RHA| So] £8 Q810 R wET}

Table 5. The result of mobile emission estimates (unit: ton, %)
. . . CAPSS
Air Pollution Traffic Demand Model Error rate
2013 2014

PMio 243 257 263 =7.7%

NOx 5,661 6,454 6,611 -14.4%
4) ZYSFEI(2013)
5) IESZUEOl CAPSSOIME 2013E 7|& HIZES ASstn 20, & AHP0M= 2013H 7|8 CHEEHA AS2HSE0H4~(606,283cH)2t 2014 7|

Ats2HSE04(621,03500)2] S7H2(2F 2.4%)2 0|85t0 2014EF 7|& CAPSS HigEe 2¥sts
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ERol50 9 HiEaS CALPUFFS] 2.4 w910l whelalci Ml Salakg/h/m) 0.2 Mgste] g2l
on], BESARGNN F4H e who 2 AR 9l7] WlEe] CALPUFFOIA A7k
Wi RS B UG A0 stk B AT A 71 B Az MeIE BoE(1Y, 49, 74, 10

W TS, B4 23 B7] 0GB Sk 2 270 1-39e] WS BRAE TSt

oo S EHE hHFIA ERol 5 AY HiEH e QHEEE s BV EE AR A=
Table 63 o™, 2014 715 PM o2 8.9-22.3ug/m’, NOx+= 188.2-450.1ug/m’ 0 2 B8 HFo] Q= Ao
= AE=S
Table 6. The result of concentration estimates (unit: gg/m?)

Air Pollution January April July October
PMjg 22.3 11.5 10.2 8.9
NOx 450.1 232.6 214.9 188.2

6) www.WebGIS.com
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= Figure 49} Zo] LEZ A% A% Aol o AN S Ertohel B 5 AR7H Al A% 5 hageilg &
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Table 7. LEZ effects(PM1o emission, 2014) (unit: ton)
Effects Car Van Truck Total
Do-nothing 68 21 154 243
Do-action A 68 20 150 238
B 68 15 140 223
A+B 68 15 135 218
Table 8. LEZ effects (NOx emission, 2014) (unit: ton)
Effects Car Van Truck Total
Do-nothing 2,303 407 2,951 5,661
Do-action A 2,303 403 2,817 5,544
B 2,324 405 2,945 5,653
A+B 2,324 401 2,811 5,536
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Figure 4. The change of travel behavior under LEZ
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Table 9. LEZ effects(PM10 concentration, 2014) (unit: ug/?)
Effects January April July October
Do-nothing 22.3 11.5 10.2 8.9
Do-action 19.3 9.9 8.9 1.1
Table 10. LEZ effects(NOx concentration, 2014) (unit: ug/?)
Effects January April July October
Do-nothing 450.1 2326 214.9 188.2
Do-action 431.9 222.9 207.8 180.6
wAuto 2 LEZ A Alofel the chagelAl Q179 449 B4 A3Hs Table 11, Table 1291 200, 9]
HERF 7|24 74 Aite L E=dE ti714d 7ol T &2 4 DA l8ate e E8HTh 2 o
TollA = 24 8] ol S Aetste] LEZ Al 4o g AP 715 2714 g4 = AAskalon,
27 AR ol TE AAA 7] 2L PM,ehe mefst et

Table 11. LEZ effects(reduction of premature death, 2014) (unit: persons)
Daejeon
Effects Total
Dong-gu Jung-gu Seo—gu Yuseong—gu Daedeok—gu
January 0.45 0.48 0.90 0.57 0.37 2.8
April 0.24 0.25 0.48 0.30 0.20 L5
July 0.19 0.21 0.39 0.25 0.16 1.2
October 0.18 0.19 0.36 0.23 0.15 1.1
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