NI =T Y

1LME Qe ‘W &7} B4 By} ofo] 2 wjE7hs
o] ZFell e &2 27hstust gt wjE7kal]
AFedsl 9 A0 BAl AAARCR o FTHT Hm TN AXE drIedEd S F
TH T AgA Sejvge ol EAgA 5 Ao® o] thRolRa, AbEF WiErks BARY
Boll BF magAolge 27k EHsle AR & AANA B vAA EYoR TEEk avfs
A9 5871 A Be Bash welo] o|Foln 3 Bk
39t wE 9 EEFEAAE S0 digh A
7b A9zt 2 e it dlasgold, ga FHY
wEs} 2o g 5474 B segdse o 2. E &
2] A7kl AT} Afolel| A AAE 3L 9L
oyt HA|E A =7 29 A 2 J|EES 2.1 Xk iET AL BR
AA| A wigshr] flaiAe @ e 2 o g
Alue] Qo i g get #7434 4 (Environmental o= BAR(U.S. EPA)E 6579 t71e98d
impact analyses)©] Z&3lt} o2 9JarE = < 71F 2854 (criteria pollutant) 2 <J3t Tt
6 Z TedEdRzE 2£(03), O]"}ﬂﬂ/\ CO), g4t
AFga o] M2 v &7t A% B4 (vehicle emission  $H=(S0), A4ANHE(NOx), ®(Pb), 22]aL H]A]
analyses)°] BFAolgt & 4= QAL sfAwk =y WA(PM)7} 3l ©] —é“’ﬂ’ﬂ ]’o‘\% 94 AL 7]
AN E 9ZollA Hsol 44 Y Prlo] T4 LIS LAY 291 Fo shifoltt.

!
53 gl AUshE A% wE7e B4 wao) A
esle] Q1A gk Aol - 2E(03)
B IINE TN @4 AdEe] AgEn  ES AN AdeaA e AAYE god




ozoneZ} A|FZoA FAH = bad ozonelE |
72 FEE 4 Atk 9714 bad ozone A4t
k= (NOx) ¥ 324 fr718H= (VOC) o] d3t gd
% 7 sEeA o r uhgate] Ao AYHET
AT 2ol Ao At
, A2 2 A7

el [¢})
T o AYo® AgFE MAE 24 T shel
=]

o] bad ozone

. , = Caga AEgEe] 9FS
242]7)% 8 9 QA E0|tHU.S.EPA, 2003a).
=
FA 53 7hael dakslei(Co)E AR}
@ y

)=}

5 =

o, 53] 3 A Wo| WAgit}, ditsieae
r 7] 3

AR R 240 HETEE B B
2

85%7t = ERdM Fdshs AFERTEH T4
SH(U.S.EPA, 2005)
« #MEE(SO,)

G go] T dAuvt g o, F= A4
Ha = fA SalEs Aol v, dtse
0 7h=E 3} vgsto] thy] Sl g2 2.
of FikstEe eEAY A 2 Hrledt #d
Aol g 7 wdolth. FitsEe] FH
eadeze sido] Al dAF F 70%=
ARt glom, A ToAME BFE ek At
FA YA 71EAkeh well A F2 dA et
* BAMEEE(NOX)

drtgtea Ag 7 739 AaatskE (NOx

~

& DA AR} B FA A FAET 8t
A, ARNE-E FF U] S vNELER A
gsto], EAA el AZAAZS FPe7| = gt} 4
2ARHEE bad ozone? AHIHIE Yo7 F8
SAEH|n, 3F7] #A AWE oIk gt
AastelEe] FH 0A9-E Apgkoln], A B

0 ol=el iz HiE7s SR 242

o o} 55%% AX e U

* E(Pb)

FIA F2 s 9
8| Aol ws e ol
Solct g 44 % B A,
2w, 193 259 54 A AN 2E ol

e et [ o

« OJNIHX[(PM)

v A A] (Particulate Matter)E th7] SollA o
- 22 543 A B2 (liquid droplets)S T
skl oL, Tt SAY o2 RH t7] Foll 34
e}, ti7] FlA Y mAHA = A AR Eole A
o2 4¥A ik nAbAE 27]9 et PM, 2
PM,; A 27K & 788 4 At} PM,¢2 10 v}
olA% mH Ht} F& YAERE FAH Sl ¥
U A3t ARt H7]% dds 4ot} 2.5 v
o|AR wE Hr} A2 nAYAER FHE PMys

#7138 9 3 Zgo] Bojrp A, A, ag

o

o
T =
Bk By AT QA A vARA BT F
o 7205 A% AN WA

PM2s

Human Hair < 25 in diameter

« ~70un average diameter

PM1o
< 10un in diameter

90un in diameter
Fin Beach Sand

Image countesy of EPA, Office of Research and Development

a8 1. olMEx|e] 271 1 PMy, and PM,5(U.S. EPA)
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2.2 O|=2f A BiE7IA 2

g &7 A FHRYLS A FA ZE(dling
mode) ¥ F3 RE=(cruising mode) 9} 2 A
activity 258 T = WEFS AFE nfstd
FH@G. WE7t2e AU % F A (chassis
dynamometer)4 on-board unit(OBU)$} 2-& =
NS ARgst] e gl o|gA £34E
&7t AR SR (32 7R A T34
o] FEZ WETts FRERE FEA 0] Bt

A
(macroscopic or macro-scale)¥} A%
(

microscopic or micro-scale) &2 & 4 9},

BENeze AFe8E 48R (inputs of vehicle
activities) ¢t A7h/de] W4 (size of study area)
o whgl 23 5= gt} BA] @9 B XG50 u)
Z7t BAol 428 Agde AEgdE A5y
o] Ao golgt AXA Y Ao}

AT ANA BRe AP B
Am )

H

2l (VKT & VMT) & #}%2
o b, mAlY FH RG-S AXA 2gd] Bl6)
[

gl Addes 4o Wee & v, 12l
BAG el B2 1E 9 A2 B} Aol F2
2ee VA wEe Vi

>
rel b
= 3
=)
P
o, it
>, 2o
N, 2
i, Of
n =
o
N
>~—|—‘
= oo
oo —
St
(o]
-
ot
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A
o oAl s 24 e Rl AR

Yo} gjiAte] = tjgto| A 783t Comprehensive
Modal Emission model(CMEM)¥} HAYo}ed]
A 7t Virginia Tech Microscopic Emission
Model(VT-Micro) 7} th&#o|t}, 22la, 7P &
<ol Bl Sl g MOVESzhE A1 Hl
Z7k FH R0l EAFTHU.S. EPA, 2009a).
MOVES 23-& m|AlA BAZ} AAA B 5T

& 4 gl Aol U,

2.2.1 AAA Aek g7k B

Aol A AFEEE AAA wjE7EA A
MOBILE69} EMFACS #5&% 7|4t ul
(vehicle activity specific emission rate) & 5%
7] SEA, A, A B S, A s,
L5 B Fe, dojdY A, 283 A RE
(c, 73, ZA)E neddtt F wjEde A D%
7IRto & FHHE wjEA TS A olFA Y Fo
2 AMtEtH(Rakha, Ahn and Trani, 2003). 3]
Tk MOBILEGSF EMFACe] A2 H]:gk 2tefghs
NS E o3ty A gE, F 27| A&

aul
X ogh
-,

N

(o}
=

EMFACE 2] Zuofel| A ut AL-g-817] fJaliA] 7
2ol 1, ubHd] MOBILEGE m|= AA|9] At8
Z At MdE 23ol7] wfEo|th(Claggett
and Houk, 2008).

 MOBILE6

MOBILE6= 2001dell A HA) #Hdo] 7hd=d
t}. 27] WA MOBILE6E &3l44(HC), 24k}
&4(C0), A24eHE(NOx) T ¥4 7Fsakla,
o] F WA o]kt (CO,) 9t WIAIHA] (PM)
of gk vl EF FAo] £ ATt MOBILE6S] &
G212 o 2 (1)3 2o] dH}

EF =Y VMTX(BERX CF) (1)

714, EFE A ME7h23S tekla, VT
&£ 2 A%l A% | $AE hehio], BERE: 7



o webr 26749 AEo R
Z (vehicle driving mode)$}
type) = xefste] /EEATHE 1

(U.S.EPA, 2003b).

E 1. MOBILE6 &&

T2(U.S.EPA, 2003b)

I 0= Azt visria B8

Class 4 Heavy-Duty Diesel Vehicles

18 | HDDV4 (14,001-16,000 1bs. GVWR)

Class 5 Heavy-Duty Diesel Vehicles

19 | HDDV5 (16,001-19,500 1bs. GVWR)

Class 6 Heavy-Duty Diesel Vehicles

20 | HDDV6 | 19501.26,000 Ibs. GVWR)

Class 7 Heavy-Duty Diesel Vehicles

21| HDDVT 1 96 001-33,000 Ibs. GVWR)

Class 8a Heavy-Duty Diesel Vehicles

22 | HDDV8a | 33 051 60,000 Ibs. GVWR)

Class 8b Heavy-Duty Diesel Vehicles

23 | HDDVED | 60 000 Ibs. GVWR)

24 MC Motorcycles (Gasoline)

25 | HDGB | Gasoline Buses (School, Transit and Urban)

26 | HDDBT | Diesel Transit and Urban Buses

27 | HDDBS | Diesel School Buses

Light-Duty Diesel Trucks 3 and 4

2 | LDDT34 | (6 001-8.500 Ibs. GVWR)

* ALVW = Alternative Loaded Vehicle Weight: GVWR=
Gross Vehicle Weight Rating

I 2. MOBILEG &7+ &ef T2(U.S.EPA, 2003b)

W3 egRE W& LIl A
.| Exhaust Running All except tire
1" | Running Emissions and brake wear Al
. Light-duty
2| St |Exhaust EngineStat | HC,CO.NOX,| o ooy
Emissions (trip start) & toxics MC
3 Hot | Evaporative Hot Soak HC,BENZ, Gas,
Soak | Emissions (trip end) MTBE inc. MC
. Evaporative Diurnal HC, BENZ, Gas,
4 | Diumal | b ions (heat rise) MTBE | inc.MC
Evaporative Resting
5 | Resting | Loss Emissions HCMT}%S Z, inSalf/I’C
(leaks and seepage) ’
6 Run | Evaporative Running HC, BENZ, Gas,
Loss | Loss Emissions MTBE inc. MC
Evaporative Crankcase Gas,
7 |Crankcase Emissions (blow-by) HC inc. MC
Evaporative Refueling
. ) : HC, BENZ, Gas,
8 [Refueling Emlsspm(ﬁ]eld]splacement MTRE inc. MC
and spillage)
9 Break | Particulate matterfrom | Brake wear Al
Wear | brake component wear particulate
10 Tire | Particulate matter from Tire wear Al
Wear | tire wear particulate

s g e

1 | LDGV |Light-Duty Gasoline Vehicles (Passenger Cars)
2 | LDOTL | 000 o GVWR, 0750 s LV

3 | LG {E)lgélt)(])D()ultl}a]sGés\(/){;\IflliT r;l,c7k551%5,750 lbs. LVW)
| LDGTS | (01 5500y GVWR, 05750 b ALVW)
5 | o | Lm0 G Tt S GOS0
o |1movay| G2ty bus Gt Vi

7| Hoovs | s T Dy Gt Vi

o pove | s il Doy Gl Vi

o | movs | Do G i

0 | oove | s Tl Doy Gt Vil

1| vy | e Dty Gt Vit

12 | HDGVSS | (30T 000 I GVWR)

13 | HDGVSH ggaiO%%Hfszyé%wRC)}asoline Vehicles

14 | LDDV | Light-Duty Diesel Vehicles (Passenger Cars)
5 | oo | D Dl s o

6| opvan |l e Dy Dt Vi

17 | HDDV3 Class 3 Heavy-Duty Diesel Vehicles

(10,001-14,000 1lbs. GVWR)

* MC = Motorcycles: MTBE= methyl tertiary butyl ether:
BENZ= benzene: Gas, inc. MC= Gasoline including motorcycles.
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+ EMission FACtors Model(EMFAC)

EMFAC 282 AAA oA Abgk W&k
S EAs] YaliA, 200030 Al Ey o}l AR
(California Air Resources Board:CARB)IA <&
W= ATk EMFAC 289] 71 241 - 2006
o Wl E= %1, EMFAC 2007¢]2} 2t} EMFAC
< B84 (HC), YAsea(CO), dastslsE
(NOx), ©|AH}eta(COy), PIAHA(PM), SAitskE
(SO,), H(Pb), 18]a ASAHE B4 4 S},
a2l EMFACS MOBILE¥ 2] nAdA S
PM,, & PM, 52 FHate] 24 4= e Aol 3
t}. EMFACS MOBILE®Z H|S:81A 2ol F-A 9}
Az TR wet 13FFE AFS FE A
&g BAS e EMFACS Abgke] 4] A9
AT, 2HF oA, 1elu 589 75 8= o
t}. 3 EMFACS MOBILE A& 2b#ke] 324
o & A& 7FsgtHCARB, 2006).

EMFAC M9 Bg2& thg 2(2)¢ Z2o] %8

Hr},
EF =Y.(3. BERXTF)XVMT (2)
# 3. EMFAC2007 A2k 2(CARB, 2006)

AECEE He R e
1 All* Passenger Car All LDA
2 All* Light-Duty Trucks 0-3,750 LDTI
3 | Gas,Diesel | Light-Duty Trucks | 3,751-5,750 | LDT2
4 | Gas, Diesel | Medium-Duty Trucks| 5,751-8,500 | MDV
5 |Gas,Diesel | Light-Heavy-Duty | 5,801-10,000 [LHDT1
6 |Gas,Diesel | Light-Heavy-Duty |10,001-14,000 LHDT2
7 | Gas, Diesel | Medium-Heavy-Duty | 14,001-33,000 MHDT
8 | Gas, Diesel | Heavy-Heavy-Duty |33,001-60,000 HHDT
9 | Gas, Diesel Other Buses All OB
10 Diesel Urban Buses All UB
11 Gas Motorcycles All MCY
12 | Gas, Diesel School Buses All SBUS
13 | Gas, Diesel Motor Homes All MH

* gas, diesel, and electric

72

ro
H
H'|
Hy
i
b

o714 EFe A wj&7ta%, VMTE 2 A<
21 ol 5 AT (4 AFY oA HlE), BERE
A W E2AS, 283 TRE 7 212 7144 7%

o] v &5 ek,

2.2.2 mAH A w7k By

vJA1A 23 (microscopic or microscale emission
models)= AAA 2E3 9], GPSY #2& 2%
) 2 njAE wE AlEE ol EAA EAE =
24 (second-by-second vehicle trajectories)
o] 2999 et SR TSRS aHste] Ak
WjE7ka9t AR ARE 43Tt webi nAg 2
P2 wTey, AsAA 59 g nErdxd
st A Aol 7hgsith(Park and Rakha,
2006; Boriboonsomsin and Barth, 2008). wl|=
oM @A o] FE AMEE D Ye PAA Y
© 2% University of California, RiversideolA|
et CMEM3 Virginia Techol A 71et VT-
Micro7} 91tH(Barth et al., 2000; Ahn et al.,
1999; Rakha and Ahn, 2004).

« Comprehensive Model Emissions Model(CMEM)

CMEM (Barth et al., 2000)< University of
California, Riverside, University of Michigan,
22]a Lawrence Berkeley National Laboratory
o] FFCE AFE AFste] 1995 Ao 2 7f
Tt CMEME w4 7ide miA A 29
o 7HE ®ol AR e EFo7|E s
CMEM2 9] &g ute 2 Eel4 5434
45 7]%k(physical, power-demand modal
emission model) 2.2 5o 2olt} CMEM
239 duAQl Fx= d5H]E&(fuel rate, FR),
A7 8 7]ul &% (engine-out emission indices),
a3 AZEESE EuiE3t ¥lE (time-dependent
catalyst pass fraction, CPF)9] 4% FA3tw
Atk 1 2FA 2(3)7 2.

Tailpipe Emission = FR- (g"(’g’,“%) -CPF  (3)



# 4. CMEM #ES T2 (George and Barth, 2006)

78 2 A 71E JHE e

Normal Emitting Cars

—

No Catalyst

2 2-way Catalyst

3 3-way Catalyst, Carbureted

4 3-way Catalyst, FI,>50K miles, low power/weight

5 3-way Catalyst, FI,>50K miles, high power/weight

6 3-way Catalyst, FI, <50K miles, low power/weight

7 3-way Catalyst, FI, <S0K miles, high power/weight

8 Tier 1,>50K miles, low power/weight

9 Tier 1,>50K miles, high power/weight

10 Tier 1, <50K miles, low power/weight

11 Tier 1, <50K miles, high power/weight

24 Tier 1,>100K miles

50 LEV PC (Low Emission Vehicles)

51 ULEV PC (Ultra Low Emission Vehicles)

52 PZEV (Partial Zero Emission Vehicle)

Normal Emitting Trucks

12 Pre-1979 (< =8500 GVW)

13 1979 to 1983 (< =8500 GVW)

14 1984 to 1987 (< =8500 GVW)

15 1988 to 1993, < =3750 LVW

16 1988 to 1993,>3750 LVW

17 Tier 1 LDT2/3 (3751-5750 LVW or Alt. LVW)

18 Tier 1 LDT4 (6001-8500 GVW,>5750 Alt. LVW)

25 Gasoline-powered, LDT (> 8500 GVW)

40 Diesel-powered, LDT (> 8500 GVW)

41 Pre 1991, 2-stroke HDDT

42 Pre 1991, 4-stroke HDDT

43 1991 to 1993, 4-stroke, Mech. FI HDDT

44 1991 to 1993, 4-stroke, Elect. FI HDDT

45 1994 to 1997, 4-stroke, Elect. FI HDDT

46 1998, 4-stroke, Elect. FI HDDT

47 1999 to 2002, 4-stroke, Elect. FI HDDT
High Emitting Light Duty Vehicles

19 Runs lean

20 Runs rich

21 Misfire

22 Bad catalyst

23 Runs very rich

0 ol=ef &2 iE7is BF

4714, FRE ABAE
gemi.v.\'imr / g/uel '19: 1_]_;1(_]

¥ (fuel use rate,
w71 w2 (g
“units of grams of engine-out emissions per gram
of fuel consumed), 12|31 CPF+= 7|74 wi&
s = wl7]1%e] Bl&(ratio of tailpipe to engine-out
emissions)©|th. CPF& ¥WH o2 d5/37] H&
&) ot

CMEM= 89| F7, W&7ts AAlvle, A%
olsA, A A, 12ja Aol A4S 17
ato] 36709 AFFEE FETH(Barth et al.,
2006: George and Barth, 2006). CMEM& 9&
A2RF(FC), CO, NOx, CO,, HCE 4% 4 9l
o CMEMS] 45 7|¥ko.2 sl bk dig 1|
AR (PM)S] £43, 22 ZA1E Ak tigk &
Aol g7} it

grams/s),

* VT-Micro

VT-MicroE vl 151 WE AlEdeld Byl
INTEGRATION®] g FEo2 AHEH7] 9
Virginia TechollA 708t tHAhn et al., 1999;
Rakha and Ahn, 2004). VT-Micro= 98ARH
< H|E3ke] HC, CO, NOx, CO,, and PMel| that
20| 7hssttt. VI-Microd R34 3784
28 (log-transformed regression model) < H}&

o2 AMEHAT}. VI-Microre 7HtES FE31
HEES FE, 1 294 A (4) 9 2t

eX X0 (L, xu xa’), fora=0

MOEE{ Y o o (4)
eX X (M, xu' xa’), fora<0

o714, MOE, = &3 98 ARF 9 A v
#Z(1/s in the case of fuel consumption and
mg/s in the case of vehicle emissions), Lj;7}
Ge s Vs sE T U, Mo € 9 9
A%, v A% 2 SE(/h), 1902 at 43
7 7= (km/h/s). VT-Microe Hlo]E] wlo]y 7]
W Zol shuel CART €ae]%(classification and
regression tree (CART) algorithm)< &-83fo], 2t
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Z& TR tH(Rakha, Ahn and Trani, 2004).

| Vehicle Model Year < 1990|
Yes ‘ No

Engine Size <3.2L

Mileage < 83653

Model Year <1995

Yes No

LDV1

12 2. CART algorithm 718 VT-Micro A& T2
(Rakha et al., 2004)

| Lov3 | | Lov4 | | LD‘VS |

2.3 Motor Vehicle Emission Simulator(MOVES)

MOVES(U.S.EPA, 2009: U.S.EPA, 2010)=
H)F SAR(U.S. EPA)CIA 20096 e 2je
HE7ks 24 224, 7189 299 MOBILEGS
tAs7] flal RHEolxitt. MOVESE VSP(Vehicle
specific power) 9} £ =5 1213 Modal binning %
W (modal binning approach) & AH-8l%T} VSP
=412 2] (5)9F ZtHNam, 2003).

'r‘~|1_~|

VSP=vx(ax(+¢€)+ gxgrade+ g+ Cr)
+0.5dx Cpx AXv3¥m

—~
Ot
Ny

od7lA, v AFEZ(m/s), aE AFEE

m/s?), €& WA (rotational mass)= A3}
4 TE7IEE, grade

Cr e ﬁ A A g (rolling

d= F7|"U=(air density,

—

A A4 (mass factor),
E 2T (%),
resistance, ~0.0135), d
1.2), Co= FYAEA T (aero-dynamic drag
coefficient), A= 4HHA (frontal area, 0.7), 18]
3 me 2 FA( ‘“/}H : metric tons)Z YERITH
AR AFHES 483 VSP 5212 4] (6)F

Fll‘ l‘l[‘

2tHU.S.EPA,2003¢).

VSP(kw/metric ton) = vX (1.04 X a +9.81x

(6)
grade+0.132)+0.00121v°

MOVESE 3¥4 #7183=(VOC), CO, SO,,
NOx, PM,5, PM,, 5= #4388 4 9lon sto]lHa
2= b X3S T2 g A dAE = v 3
el & EAo 7testtt. MOVESS
MOBILE6S] 7] 23} vluiAd] wam, VOC
&3] 75 MOVES7F MOBILEG®! ]3] %
fro]l EEH = o] da, AaAsER njAwA|
o] 7% MOVES7} MOBILEG®! vl&} =4 Vet
= Ao] ATHU.S.EPA, 2009).

MOVESY #F F%2 FHWAS HPMS
(Highway Performance Monitoring System)Z&
HPE‘OE FEHIA 93, HPMSY 2% o]

4= MOVESY] A& & 59 2t

MOVESS Fd AdL 3719 & 94
(national, county, project)ellA A& W& £
o] 7Fs3et Aeolt}h. NationalZ county FollA A
AA A v o wEEg A s, wdH,
project FollM e T2 YA HAEEE 1
AN EA L AFAAAREE v e R o nAE

#4j0] 753t

# 5. MOVES A&t HPMS A& 72 (U.S.EPA, 2010)

MOVES | moves iz | IS wpvis a1
11 Motorcycle 10 Motorcycles
21 Passenger Car 20 Passenger Cars
31 Passenger Truck 30 Other 2 axle-4

tire vehicles
. . Other 2 axle-4
32 |Light Commercial Truck| 30 tire vehicles
41 Intercity Bus 40 Buses
42 Transit Bus 40 Buses
43 School Bus 40 Buses
51 Refuse Truck 50 Single Unit Trucks




sp | SingleUnitShorthaul |y g ote Uit Trucks
Truck
53 Single U,Fl tLonghaul | 5, Single Unit Trucks
ruck
54 Motor Home 50 Single Unit Trucks
Combination L
61 Short-haul Truck 60 Combination Trucks
Combination .
62 Long-haul Truck 60 Combination Trucks

* Short-haul truck is a combination truck with the
majority of operation within 200 miles of the home base.
On the other hand, long-haul truck operates beyond 200
miles of the home base. Intercity bus does not include
transit buses or school buses and is mainly used by
commercial carriers for city-to—city transport.

SRES 1%4 A WE7be 09
S2T} NN $R0E 7
wﬁm LR EvIPN
2o 7123 A7) 2 e
o] 0% cm CRRER R
5 4w no
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