
PB2006-105802

11111111111111111111111111111[1111





~' .' . ~ "! ~. :."--1,

l ~u:B-ros t~D~ TE'RMS .

Purpose

Thi~ brochure provides an overview of facts and figures regarding the link·

age'J, between tran portation and all- quality. The focus of lhi, brochure IS

primarily 011 tr<lllsportation-relaled t:ll1issiOllS trends, policies, technologies,

and standards thal aHccl on-road mobile S()lIrce~, Including aUlomobiles,

light-duty trucks. and hcavy-duty lIuck,.
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The Clean Air Act Amcndmcm... 01 I ~90

Carbon monoxide-a crnena pollutant-a produu 01
IIlLumplctc combu ... tlon

ilrbon dioXidt'-IlOl a c.rlteria pollutanl-a greenhollse gas
P1\1 2 ;; lonned III the atmosphere trom 'prccur..or' galloes ...uc...h
a... S0J: and 0 ....
Largely wllldhiown dust Irom paved and unpaved road.;.
HydruGtrbon ...-gu\('oll(" LOlllpound~ made 01 carbon and
hydrog1.:n (u..,cd lntl'rt.hangl'ahly with VOel.

labile ..ollln.: air toXIC'"

National Amhiellt AIr Quality Standard'ii-Iedcrally cSlah­
lillobcd .. tandard!> lor pullutant concentr;:luon'i that "tater"
Clues, and tQWlh Illu.. t meet by ... pec.dl(·d deadlllles
O'\ldcs 01 nitrogen-a Lollective Icnl1 lor all compound.., of
nitrogen and oxygen (indudc~ nItrogen monoxide, nitrogen
diOXide, elc.).
Areas that have laded to meel the AAQS.
Aircraft train ... , boats, oil-road recreational vehll.les laml
and cOn",tnlClIon eqUIpment, and yard tool.;
Car... , Vall'>, bu<;<.'s, Ilght.dulY and hCJvy-duty tru<.k..., and
motorcycles

Ozone-a cntena pollutant-an oxygen COIllI)ound (hat can
dev<.:1op when NO" VOC and sunhght lIllcraCt 1Il the lower
at1l1osphl're; the pnmary conSllluent or r"mog.
Particulate malleI' With a dlJmclcr Ie...... than 10 mlcrOlllelcr~

Particulate matter \\'Ilh a diameter less lhan 2.5 micrometers
Stational)' source... 01 Cllll ...Sluns lIldudlllg e1ectnc uuhlle<;,
factonc<i, pctroleum rdlnerie... dry cl<:il ncr.; , <lnd other~

Pollutanls that cOlllflbutc to the formation 01 Olher poilu.
tilmS; He and NO are prccur~of" or ozone and PI\I
Sultllr dioxide
Vdllcle J\lilc... Travclt:d.
Volatile orgJnlC cornpoullds-gaseou.. c.:..olllpound... lllJde or
cilrbon ilnd hydrogen fU'icd mlc.:lc.:..hangeably with He}.
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Transportation and Air Quality

In re'pon,e to the Clean Air Act (CAAi, the U S. EnVironmental Protection
Agency (EPA I established National Ambielll Air Quality Standards
INAAQsl for variou, polilitalll;-known as crileria polllllanLS-that adversely
atfect human health and well are. Th" brochure focllses on the three major
lran~portatlOI1-re1aledcriteria pollutants:

• Ozone 10,) and liS precursor; volw1e organic compounds (YOCl and
oxides oj nllrogen (NO,)

• Paniculatc malter (1'1\1)

• Carbon monoxide (CO)

Other enteria pollutant; mclude ,ult", dioxide (SO,), nitrogen diOXide (N02),

and lead (Pb). In the pa"l, mOlor vehicle.. were a major source of lead emis­

";10115 that were virtually eliminated ao;; leaded ga...oIIlH: wa.... pha')cd OUl

Ahhough not crjteria illr poIiUlant'i-1oxic aIr polllllant~-orall lOX1C<;, arc

polllllants thal cause or may CilU"l' cancer or other <;eriolls health cHecls
liuch as reproductive ('!feLts or bil1h defect .... Air roxics may also calise

adversc environmenlJl and ecological effects. The CAA Identifics 188 air
toxics. The EPA ha, identified 21 pollutant; as mohile source alf tOXIC'
lI1c1udll1g dic~c1 parllol1ate mauer, benzene and other organic miltenal" and
metal ....

Fuel combuc"t1on by Illotor vehicle.:.. and other sources relea~es carbon dIOXide

(CO::!), which 1\ a "greenhOll':lC gao;;" lhat lraps heat within rhe earth's 3tmo..,­

phere. CO2 i; not dlfectly harmtul to human health and i, not regulated
under the CAA.

ignificanl progres~ ha~ been made in reducing criteria pollutal1l ellliso;;lon')

tram Illotor vehicle... and Improving air quahty ..,ince the 19705, e.:'ven llo:. vehi­

cle travel has increao;;ed rapidly. The air I~ noticeahly cleaner than In 1970,
and tolal crilcria-pollularll emis~ion~ frolll motor vehiclc~ are Ie"" than lhey

were In '970 deo;;plte a Ilear tripling 01 vehicle lllile~ at travel Wilh the.:'

reductlon 111 cntena pollut311l', many aIr lOxics have also been reduced.



Still, challenge, rcmain. In 1997, EPA i"ucd revised standards tor ozone
and particulate matler that rellctl improved understanding 01 the health
eflect'\ of these pollutant'. Ba\ed on mOlllloring data, approxllnarcly '-16
mrllion people in thc Unltcd States reside in counties that do not mcet thc
air.quality tandards for at lea" onc NAAQS pollutant.

For morc detailed data on many 01 the ... UbjCC1S covered, refer to the sources
and Web sites listed on pages 53 lU 55 of this publication.
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Pollutant Effects

Above ccrtain conccntration>. ozone (0,). paniculate mattcr (PM), and
carbon monoxidc ( a) can cause or exacerbate health problems and/or
increase mortality rates, making their control an il11portanr goallincler the

Clean Air Acl.

Ozonc (0,)
Ground· level ozone it, the major component of smog. While ozone in the

upper atmosphcre (the "ozone laycr") occurs naturally and protects life on
eanh from harmfulliitraviolet radiation, ozone at ground level is a noxiolls

pollutant. Ground-level ozone is not directly cmittcd, but is formed by the
rcaction of oxides of nitrogen (NO,) and volatile organic compounds
(VOCl in the presence 01 sunlighl.

Ozone is J severe irritant, responsible for the choking, coughing, and sting­

ing eyes associated with smog, Ozone damages lung tissue, aggravates res­

piralOry dISease, and make people more susceptible to rcspiratory infec·
tions. Childrcn are especially vulncrable to ozonc's harmful erfects, as are
adults with eXISting diseasc. Evcn hcalthy individuals may experiencc
impaired lung function from hreathing ozone-polluted alf. In additIOn to

affecting human healt-h, ozone harms vegetation, resulting in feduced agri­

cultural and commercial forest yields t increased tree and plal1l susceptibility

w disea e and other environmental stresse~ and potential long.term effects

on forests and ecosystems. Peak concentrations typically occur in summer.

In April 2004 EPA promulgated a ncw, more stringcl1l ozone standard. This
new "8-hour" standard rcquires ozone levels lO be lowercd lO .08 pans per
million (ppm) rather than .12 ppm, and applies the standards to an 8·hour
average concenlralion ralhcr lhan a I-hour average.

Particulate Matter (PM 10 and PM,.,)
Particulate maner is the term used for a mixllIre of- ~olid particles and liquid

droplets found in the air. These paniclcs come in a wide range of sizes and
can remain suspended in the air for extended periods. Pl\\ can be emmed
directly by a sourCe or formed in thc atmosphere by the transformation of
gaseous emissions, such ll.!) 502, N \.' and V C.
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Fine panicle", under 2.5 l1licron~ in diameter (P~\2:;), rc"ult trol11 tuel (0111­

bu~tion by molOr vehic1e~ and olher ,ourccs, as well as tran~forl11ation of
gascous cmlssions. Coarser particles up to 10 micron~ in diameter (Pt\tllli
generally consist of windblown dust, and are relea~cd from agnudlllre and
crushing and grinding operation....

Paniculate matter irritatc~ lhe memhranes o~ the respiratory SYSlem, cau~ing
incrca"ed re~piratory prohlem'\ and dl'oca,e, decrea~ed lung funcllon, alter­
ations of the body\ delcnsc SYl.,lCmS, and premature mortalilY. Sensitive
groups Include the elderly, individuals with cilrdloplilmunal)' disca\c such a~

a"hma, and children. In addition to health ['rohlems, airhorne partlLies
G1U~e soiling ilncl damage lO malerial ... and redllu.' vIsibility 111 many parro;; of
lhe United Stalc,. There arc daily (2-1-hoLlr) and annual I','v\ NAAQS.

In December 2004, the EPA designated new 1'1\1 standard,. Two ncw 1'1'-115
stanuards (annual and 24-huur) were added to the existing "taJldard~ for
Pt\I,o' Th('~e standards focu~ on line particles under 2.5 micron\ in diameter,
which arc believed to be the 1110"lt closely 3'\'iociated with acute health elleCl~_

Carbon Monoxide (CO)
Carbon monoxide is an odorless, colorle~~, gas that interlcre\ with the deliv­
elY of oxygen to the body's organs and ""ues. Effects of CO melude dizzi­
ness, headllche~1 latiguc, visual Impairment, reduced \vork capacIty, reduced
manual dexterity, and ['oar learning ability. The health effects 01 CO va,y
depending on the length and illlensily 01 expo,ure and the heallh of the
individual, and are Illost serioLis lor tho~e who suffer from cardiova~cular dis­
eaSc. CO has both a one-hour and elghl-hour 'ilandard.

The incomplete burning of carbon in tucl~ ~lIch as ga,ollf)c produ<..es CO.
HIgh concentratton, of CO occur along "ide road~ with heavy traffiC, partic­
ularly at major inter~cctions, and in enclosed areas, such a~ garages and
poorly vemilatcd tunnel'i. Peak con(cntration~ typically occlIr during the
colder months of the year v...hen vdllCldar cmi ..siono;; of CO are greater and
night-time inversion condition\ lire more frequent.



Air Quality Standards

National Ambient Air Quality Standard, (NAAQS) are set by EPA to protect
puhlic health and welfare. Primary stzlIldards are designed to prOle t againl:tl

adverse health etlects while secondary standards protect agamst welfare
effects, such a damage to LfOpS, vegetation, buildings, and deLrca~ed

vi'ibility.

An area IS in vIOlation of a !.o>landard iI Il exceed\ the concentration level for

its evaluation time frames. For example, for an arca to attain the 8-hour

ozone c;tandard, the 3-year average of- the fourth-hight.:<;l daily maximum

8-hour average ozone concenlratlons measured at each monitor within the

year Illust not exceed 0.08 pplll.

co

PM2.5

8-hour
1-hour

8-hour
1-hour

Annual
24-hour

Annual
24-hour

9 ppm (10 mg/m')
35 ppm (40 mg/m')

0.08 ppm (157 IJg/m')
0.12 ppm (235 IJg/m')

15 IJg/m'
65 IJg/m'

50 IJg/m'
150 IJglm'

ppm == parts per mlUlon
mg/m3 = milligram per meter cubed
Uglm = micrograms per meter cubed



Classified 1-Hour Ozone Nonattainment Areas
December 2004
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•
c_....
_ Ex!ram8 1LA & san JoaqUltI) & Severe

S<>rloo.
_ Moderate--san Fnmasoo is ClaSSIfied OtherISec 18SA..., Incomplete Datil Areas Not Included.

Areas that do nOl meet the AAQS are designated as nonartainment areas.
These areas l11u<;l submit air quality plans, known as Slate Implementation
Pia", (511'5), showing how thcy will attain the standards. If they do not
meet these and other requiremellls, they face eAA required sanctions and
other penalties, Including loss of highway funds. Metropolitan Planning
Organizations and the U.s. Department of Tranc;porration Illust ensure that
tran~portation plans, programs, and projects conform to these SIPs.

Ozone nonanainmc11l areas were classified under the Clean Air Act
Amcndments 01 1990 based on the severity of the air quality problem- rom
marginal to extreme-with expected attainment dates corresponding to the
seventy of the problem. Although most areas of the country now meet the
l·houT "'landard, many of our largest Ci(IC" do not. This map shows ozone
nonallainll1cnt areas under the I-hour o;;tandard in 2004. EPA revoked (he
I-huur standard ill June 2005,

\ ,. LJ';"; I:.n\!li ,nm, II.dll,,'tn III_n \~<.:nC\ {,r,mlw..,l N JIIollNlllrnl \,,: 1<' ( rlkll., ""l'! l.l fs

\\l:b "tl" hul' \."' .... '"I'.!!!'" .I.U .la'IP' jo1ll'l'nhl..llI1nl.lpt luml 2 \lilllh !11l1"
N;,,( \IJ"J,..,l 11" .... <1" .:lIllIU .... ll'nltolll'" nul ,ho\\rl
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Classified 8-Hour Ozone Nonattainment Ozone Areas
November 2004

, iJ.':
1.- .._
'.~';,t ,.rJ ...,

•
Ca18OOl'Y,'CI3SSllicanon
_ severe 17 los Angeles

Senous· RiYers.de Co (Coac:heIa Valey).
San Joaquin. Sacramento. CA

_ Modefale

Margmal (Greensboro. NC IS an EACl
_ Subparl I (Basic)

Subpart 1 EAC (BaSIC)

• •

On April 15,2004, EPA designated as "n"nattainment" the areas throughout
the eounlly that exceeded the 8-hour ozone health-based <tandard. To Jvoid
IOback,liding," or losing prugrcs,> towards attaining the g·hour ozone ,lan­

dard, specific cOlllrol measures lor the I-hour standard may be required to
stay In place until an area attains the 8-hour tandard. The above nlap shows
ozone nonattainmclll areas under the 8·hour ~randard in 2004.

The dassilicauon of B-hour ozone nonattaIJ11llCnt areas can range from Ba~ic

SubpJrt I Early Action Compact (EAC) with an 8-hour design value of up to

.085 ppm ozone, to Extreme with an B-hour design value equal to or above

.187 ppm ozone.

\"11(<1 L1" I 1l\lr{lnn1l.:ntJll'rOll·LtlIIl1 Aj.!\.n\.v l'"CJ1hl"l' ,\',lIl,I/I,lItlmwl A,\,/.I••, ( IlInl.l 1',,/lul.ltl!
W'lCh ~lllC hllp www t:pa ~(l\' oar na',p.. /o(rn:nhlllil,ll'lhda" fuml H f.,;hmal'\ ]11l1;
lit..; l-nvlrIlIlIl1(;lllall'lillullClll ~io!Cnl\ r~"I,dIM" I ,,,'wd w·d (I::<lllt I)(o.Wllh(ffl. Fold "/'ul
\pl,1 I" ::!II(I-\ \'( lb ~ltc hur \>\\ .... t.-ra ~"\ all o.lln" ~I" dC'>Il-:nallon tmrul I.. hIm .,- lun.,; ::!I\+l'i

f "~14.I/l.m I... \-If''"1 (heM \',\;\1)" 1.1 ( FR P,J1l ~ I ~'I

N,'h ·,\!a..l..a 11.1\....111, MulL! ~ T""'Hllrrn all' 1101 ..1l(!V,J,
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Classified PM 10 Nonatlammenl Areas
November 2004

l

•
Classlhcahon
_~nous

Modarate

ClassificatIOn coIots are shown 101 whole counties and
denote the h'9h~ area dassllatJOl'l thaI the c:otJnty IS 11'1.

Thi\ map shows that a Illlljority ot the P '10 nonattalnl11ent area" are located
In the WC'ilcrn half 01 the United Slates, where a dryer climate contributes to

the formation 01 PM '" pollution.

u",rnm,Mlllll.11I'r'I\'\.II,n\"!II\ ( !>ooIt\', fl 1,\Mll"('rln 1"lIllllt
\\th'lll hill' ,..... ,. (1',) ,.!tI" loal >,1'11'1>. ~rt·cnhl... llIJllpmlt1 hlml s khrUJI'\ :!OC"

, <,',\1.1']..'" 11.}',.,Jrr ,ll1d ll .... fernl"nt·....lll niH ..h""11
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Classified PM 2.5 Nonattainment Areas
December 2004

"II . . .-
.~

Allammeni (Of Unclassdiablel Areas (2916 counlles)
_ NoI'Iall<1lnmenl Areas (19\ enllf& counties)

NooaltelflffiOnl Areas 134 partial COUntles)

In Decemher 200", EPA deslgnzllcd 22--l counties as nonattammcm area~ lor
Pi\11 'i The slate and local governments have 1 year~ to develop implemen­
tation plans showing how they will meet the .,tandard hy reducing air pollu­
tant, that contribute to line p<lrticle conc.enlrations

\"Il' r U .... I 11\ IflllllTIt:n1:lII',"tn Will \J,:~ 111.." ' III \r ,,' I (I,flnil P Uf,'n!

\X'eh .. I\l,. hilI' \\ ww l'1''l gllV Plll~k"ll.1l1,l\II"l'>IIIdn: hUll Ii Il'htu,lTV :'1111')

N"h \Ia..l.t Ilal,o'.lll and Ll '" 1l'rrlllll11'" afl nlll ..ho\\l1



Classified CO Nonattainment Areas
2004

•

l

Classofica__........
Moderate> 12.7ppm

_ Moderate <- 12.7pptn
_ NOl Classified

Classitlcahon coIoB ate shown lor whole countl8S and
cIlInol8 !he highest area dasslfcatlOn that the county 1$ In

In 2004, none 01 the rCl11illl1ing CO nonallainmcnt or maintenance areas
reponed any violation; oj the CO <tandard.

"our«( 1I ~ b'VlIlHHlll.:lll"II'Hlln.. IUl11 :\gt'fK\' {/IHIt!ltl<lk I\"%IU,IUIIIIWI 'Ho.1 fIJI (fllrr"r P"lllll,1tI1i
\\ l h ... It~· hur \\\\ .... t"P" ~(l'" IMl lI<lqp ... grnllhl.. 1I1,lplil hUll1 HIl"!lfU"'"\' lfllh
j\' I, \I.1 ..."a 1{,m all anJ U S TUr1lon~ .. lH 110\ ...hown

to
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, P,ROGRESS IN REDUCING
J MOT.0R VIH-U.~j:)(lvtrSSIONS. •

Percent Change in Motor Vehicle Emissions, Demographics, and Travel
1970-2002

200%

150%

'.7".

""'"

157%

50%

·50%

Pup- People GOP Onvers Vellll;:18lI VMT VOC
ulallOl1 fmplo'jed ~usreo

"""""""
co

Air pollution el11b~IOn~ from motor vehicles have dropped considerably \inLe

1970-VOC emissIOns are down n percent, NOx emissions are down 41
percent, pf\ 1'0 emissions arC down 50 percent, and CO ell1is~ion" are down
62 pcrcenl. Thi.;; is due primarily to more stringent lighl.duty engine and
fuel standards_ These reductions have occurred despite a 41 percent increase
in population, 167-percelll growth In Cross Domestic Product (CDP), and
157-percent growth in Vehicle Miles Traveled (VIvIT)_

l", 1I ~ hnlrOnnll:nl.ll P'OIClunn \J,:l'IK\, '\1 I \,'11 f"" 11 ( ,1(f1,; PoJiliLllIh }I'lil I,' lu lug

' .. ~\"'-1"'1 Ichm.ll'v :!llll~ \\1:~'lIC Imp \\ .... \\l·paJ,:.. \ IlllthllJ trt'lld ... 2~ lun 2(KI~

lit., Ll:n\ll' Bureau 'flr,/c'/ 1/1 ',>;1..,,1 ((I"l!' l)'lt"I'I','ul,;fINI ,m,1 II"II,m,1 { '''11/' 1',lrul,'h"ll ,-'H'_''''''II
'\llgll'l llJ'/1 lilhk 1/1 2h,2-
\'t'd, \III,: hUll ,,\, \\ tc'hU' ~lI\ pnpUI..llltll1 u:n\ll,d.l\.l t;lbk II' rdt 2/i IWI\' :!lJn~

U .... (t:rhu, I:urt·.lll TI_ \rTl~ d \'.;fllm"II'~ 'llt'll.m f, 1II,IIt A II JUN I, lUI) • 1 I I In.c-mhu 20('-1
Tal,lt I \\I:h "lit; http "' ......·l.l·Il\U, ~()\ 1"'IX'l ~t.. tl,,~ ' ....'·,)lllH•..,t hlml :!~ lune ::!lJl'~

U ... t cn"u.. llurcilll '1,ICltll",l Ai-.I""t ,-'11/" (ltrllr,I\I,It<, 'IM'1 Tilhk- 'lR7" I chnl.ll\ }Oll-\
\\·.:h'lll.' Imp \,'\.VW tt:'''\lI'' gO\i prmt::!Oll 'rull" llhtill,lh Jahor pdt 21'1 Il1l1c 2UllS
lIure.,u oj FUlIlfHl1lt. \1\;]1\ ~l~ \llIl'r)' ", I lItllll' lIu,urr~; VOIUIlW:n Nil , . \"fli 2Utl~

\\'eh ,>111.: IllIp \\ ... w ~J. ~,,\ hl",l, \RTI( II .., :!1/44 u;t.f d'm;u'\ U2tll( ,l)I'~t hht:r pdt ::!s lurll,: :!IIU'i

It'ch'ral H,).!h"·;l\ \dlllllll\tr,HIl,n If'll,u Jl' ~L;r tho ,"IIft"''''T til I•• 'ul\ 1'1'1-
\\'d, ~ItC hilI' ... "" .... 111\\ .. dOl )'!"V ohlin .,UllllllJrvl'i IIltle'\. hunI 2" !unt· JOII"

h:dt'l:ll Hll:!hwJ\' ·\dl11l11l"lrJIIUn IIhl/JU\IY (,1<11"'"'' :'11": {)u"ht'r 20tH
\X'd, \ltt· htlp "",,\t tl1\,it d,ll ).!(1V pollL'" Ohllll h,n2'I,dt \'1l111'dl ~X 1\lIll' 21.0"
·"'k /),11;] till 1'\1, l .. nOl .1\,nl.1hll: Ihmul:h 1"-0
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Travel, Economic Growth and Population
1970-2002

Vehlcle Miles Traveled

GOP Adjusted for InflatIOn

Population

2000 200219951990198519801975

280

260

240

!! 220

• 2000
~

~

~
180

160

140

120

100

1970

_ince 1970, growlh in V IT ha' far lluq>aced pllpulallon growlh Thi,
track, closely with economic. lrcnd~ a~ ....een with the Cros<; I)ollle"nc
I'roduLl (COP)

.... ,,,.1.. u .... ( ·n..u~ Bun: U ,,(If I ',I I I H I II!l A 11 l;!t 1,1 JU ) I'll I

(}nxmht'l '(1(1\ Tahk I \\lh "lit;' Imp ,,"'\\ l ~l" t.("\ 1'l~flC"l t.lll.... '.... r ann-I,:"t hunl ''i lum 2HllS
l'ulltlulrtnnllllH( \nJI\ .." r.rr 1 ,Ie '{lllffl nr, V(.lull1c"J'" I \1'r11~I"r~

\\ th 'oUt" htq' W\, .... hc.,} loti'" hl ";"\ •\RTI<' I r .... ]110 I lI21l:hlll.H'\ ((llll( ,llP1f Itht I rdt 2s 111111" lIllI'

Ink-r,i1 J lljol.h .....J" '\dl11ll11.. LJlllllll 11',11111'.1\ "'1,111'/" \r,mm,ltl 1,1 1"1,1<; lul\' I'jl,-

\\ l h "lIt; hlll\ \\ \\ \\ Ih\\ J. Jill lot'l\ Ilhll11 'IImm It) 'Ii mdC' hllnl ~" Imw JIlll'
I <"llndlI h;..:h\\"J\' \dllllll"lfollltln II 'I _I) .lllst. ~.JO~ lktn~r !lP~

\\ch ..,I\ hUI' "' .... wlhwadl'IMIVP.,I, ... , ,llITlllht':!rJt\rn')l'dt2~lun\""IItI'
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Surface Passenger Miles by Mode
1980-2001

45

4.0

35

30

. 2.50

~

'"
2.0

15

10

0.5

0.0

1980

Tr3!'lS1l and rnlerClly 8llS II. R,UI

O1her 2·Axle 4·Whettl VstHCIe

Passengel Car & MotorC~(le

1985 1990 1995 2001

Americans are traveling more than ever. Between 1980 and 200 I, the IlUlll·

bel' of urlace passenger miles rraveled increased by 1.5 trillion. Amencans

u~c cars more than any other form of grOllnd transportalioll-9S pcrcclll of

all passenger miles were traveled in personal vehicle,"" (auLOlllohilcs, mutorcy­

c1c" and light-duty lrucks) in 200 I. light-duly trucks such as minivan>,
pickups. and sport-utility vchlCles, make lip an increasing ponion of mdes

traveled. Passengcr lravcl on two-axlc, rour-lire trucks inc.-ea,cd by 970 bil­
lion mile.. , or 186 percent between 1980 Jl1d 200 I, while travel by autolllO­

bile and motorcycles incrcascd by only 28 perccnt or 561 billion milc,. I-rom
1980 to 200 J, transit and intcrcity bus and railu,c incrcased by 10 billion
passenger miles or 23 percellt

\"11'''· h:d':I,11 I hgh\\<lV .\dl1lllll'tr<ltlnn N.,lulIl.11 1,.llh{', 11,1I1o'll 'tIlt-lid ;!'Hl~ .\1'1 d ::'llll~

T.lhlc: 1 ;<;·1
l\',h Inh.:H.11\ hU<i hl!U1~'" .... tlc nnt ,"dudlJ III tl,m..l1l'" il to I'lS"
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Commuter Mode Split

Olher 1%

WOfked aT Home 3%IBtcycle 0 4"4
Walk 4% \ I

Pubk: Tran5l15'"4

Carpooted 13'llo

1990

Olher 1%

Worked at Home 3% \ BICYcle 04""
Walk~ \ I

Public TraflSll5'"4

Carpoo4ed 12%

2000

AmeriCilnS COl11mute to work in single-oculpam vehicles more than by any

other method. In 1990, 71 perccnt at the \\fork loree drove to work alone.

That perccntage increased to 76 pcrcelll III 2000. Thc share of people com·
muting hy walking and carpooling dcclincd, while the percentage of people
taking tran... it or working al home remalllcd conStant.

'lin, ll"i. ( L·n~lI" Bl1l(",111 I"'" I (l 'II ,'f III 'Il/.llt, n TJhk' 1'(11'1 1.1hlll' J (IruO t.;t,Jlll\ d11l1 [mplllVll1":T11

( h.UOllIl·ll ..W.... II'JO lum I'j"::!

U .... (.to'NI< 1I11lljlU ~1Il11 It! " tl, I III ) "11"'''''"1 T.lhk l'llf- '-h:In' II 1-1.11l\[lI'r!,II")11 (0 ''\-",l
() \\ Ullf" III v(';)r.. JnJ II\l:r \uj..!u" 2\IUI
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Vehicle Trips by Purpose

Other 1~ Other ,'\,
I I

Social! SoNI'
RecreatIOnal~ RecreatJOna/2O*>:

""""". So"""" WO<1<·
Churctl5~ Church 5·0

Rolal004%
Wark-

Relaled 2",.

Famdy,'Personal S___ '"'- Shopptng 21~
Buslness 25"1\,

1990 2001

Commuling has declined slightly a, a ,hare of all vehicle trops. In 1990,27
percent 01 all vehicle trips were made traveling to or from work. Uy 200 I,
only 22 percent ot all trips were made tor lravcllllg to or Irom work.

), II, fe-lll"IJIIIll.:hw.l\ :\dmm"trilUull ,\' /I. ,II 1",
V..III T:lhk 'i. III Puh111..111011 Nil IH\\,\ PI 'J-l-Itlllll ~tl\l'Ill"n 21l(l~ \\lh "Itl'

hltl' npt.. or nl gliV 111"1. I'JIJ(l lmk, IHm! 2'1 June :lOll"
Il,(1t fill High", ,l\" \t!mIl1l'.traWlTl ;!fIl'l N,"Io"LIIII"u (1",1.1 r"lI'rl 'llltl't'} IJ.ll,) t<lhul.-aIIOIl trill" \X'eh .. Ill
hur nhh IIrnl g"~ ::!\l1l1 Jndn ,111101 H ApTlI :!lID';;
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The amQulll of frclght moved by truck and rail grew by more than 19 per·
(em and 17 percent rc,pecllvcly hetween 1993 and 2002.

0",1./", HlIll:,lll HI rf.:ln..p(III.lII.m "1,111\111.." No'lh,,,,,1 Tr,II' I ,,1,llu'li o"l"tr,tll" l~lhk I j:! 11l..'I~llt AI-II"ll" III thl'
1I1111t·d "'I.:lln l'I'1l 1'1"- mtl2lM(1 \I.ln.h :!Oll.t

\\ ..1 III hl1fl " '" hh 'u" ,...uhh~ Jllun, n.lll ,n.ll Ir "1\(lIliltUNl ..1.111.. lll .. :!llIq IIIdt,; luml :::!lC lum:' 211(1"

u.s. Ton Miles of Freight by Mode 2002

Other and UnknoWn 1 7%

MullmlOdal 5 0"Il. \ \

Pipeline 16.7%

AJrO~-

Waler 163%

[n 2002, (rucks carried the
large't percentage of the
dOl11e~tic commercial lOn­

miles, lollowcd by rail,
pipelinc, water, Illultimodal,
and air cargo.

This growth In freight move­
mclll and accompanying
incrcJ'\c in emissions ha~

locuscd attcntion on relalcd·
CIllI'iSIOnS control~ and clean

hIe!.

\,'II/( IlWl,lll III lrall"pOll,lIl/,n ....1.111'1I\' fro 1111 \JlIl"'I'1!!' III '\' r ,I Il~llTl" \llId"I .... h,ll~·' III U ....
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Vehicle Miles Traveled and Lane Mileage
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Despnc rapid growth in Vi\IT, lane ll1ilc~ have remaIned relatively CQl1l)tanl

since 1980 Over the pa't}O year" VI\IT have a[l11o,t doubled, while lane
miles have Increased only i per<..ent. Thio:; is mitigated olllcwhar by target­
ed traffic tlo\\' Improvements III some cOllll11l1nitie~ thaI enhance capacity
without additional IJllc mileage.

I dl .11 I h~h\~.l\' \Umm•.,l , 11Ill I r I If I .. , rnllJn '"
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Capital Outlays

Miles of Federal-Aid
Roadway Projects

New
CooSlJucllOn 8'

SySlQm
Preservaborl7,"Jl.

Obligation of Federal Funds
for Roads

System
Pres6fVallon 5:)-1"

2002 2002

In 2002, $8.1 billion 111 federal fund, were obligated and 37,075 mile' 01 fed­
eral-aid roadway project"i were underway. Although 63 percem 01 the funds
wenl toward sy'ltem preslTvalioll, 71 percent of the project miles involved
c;y'llem preservation. Only 21 percent of the miles involved capacity addi­
Lions and 8 perel'lll involved new construction.

I dcrJllllgh" 1\ ,\dOlI "n, III n I I) "I ~,l), "r JlIlI~ I.tlllt· I \ III I lhill!dllOIl
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Percent Change in Urban Congestion
1982-2002

SoatUe
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Congestion occur... when the free flow of traffic on a roadway i~ impeded
due to excess vehicle demand, con~trtICllun. maintenance traffiC incident5.,
weather or other road conditions and event'i. ~ lany urban areas have expe·
rienced increase't 111 lfJffic congestion in recent yeare;. This map shows the
percent change in the amount of extra time per trip it rook to travel in the

peak period from 1982 to 2002, for 'elected areas.
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Major Sources of Congestion
2002

Poor SJgnal TimIng 5%

I

Bottlenecks 4~:'

WOI'X Zones 100'0

TraffIC Incidents 25~

Congestion ,\\jrigallon and Air Quality Improvemcnt (CI\IAQ) program
h.lnds can be u~ed for projects and program.. that help clear lraHic lilcident~

and Improve signal liming. Surbcc Transportation, Nation.d Highwtly

Systcm, Bridge, and olher lederal-aid funds can he u,cd to reducc other
!)ourcc~ of conge~110n, !:tllch a... bottleneck" and work zones.

I df al I hJ!ln, \ \dll1"l"tra lun -.... II. .1 k I)' I ... JI t ut
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Emissions Sources Categories

Point and Area Sources

Elfdr!( utilr/irs (wd otlm}lIel CDIlI1JllsII0l1

illllusirilll procrss(' such liS

f\ lanufaC1Urlng

Painting and surface coating

Metals and chemical pro e~l:oing

Dry cleaners, gas StaliOns and olhers

On-Road Vehicles

Autollloblles and mOlOrcycles

Light duty trucks (lllinivol1~, pickup lrllck~,

span ulility vehicle,)
Heavy duly trucks
Buses

Non-Road Engines

Lawn Jnd garden equipment

COIl'tlfiICtlOn equipment

I:arm equipment

Aircraft
Boats and othcr marine vcssel,
Railroads and olher

Miscellaneous Sources

Wildfires and agricultural fires
Health services
Cooling lowers
Windblown dust
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Percent of Change in Emissions
1970·2002

,,,,,,,"

50" n
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00'
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___
MISCellaneous
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'1985·2002

Amcricans have made grc..·(lt progn.~~ ... in cleaning the ,lIf. For nearly three
decade, national emi')sion ... trend" for point lind area !>OUfce, and on-road
source... have been declll1l1lg. A great deal of the credit for the improve­
ment ... in on-road sources goes to cleaner cars and trucks, and reformulated
fuels. r--.\elll1whilc l el11i,;~iol1'" from non-road engine... have Increased.
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vac Emissions
1970-2002
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Volatde organic compounds (VOC) are precursors of ground-level ozone.
In 2002, on-ro"d vehitle, produced 27 percent of "II VOC emission,. down
from --1-9 percent in 1970. On-ro<ld vehl(.!e emissions are down 73 percent

since 1970.

vac Emissions
2002
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VehICles 16.....
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NO, Emissions 1970·2oo2
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In addition to VOC, o"de, oj nitrogen (NO,) wntnbute to the lormatlon
of ozone. In 2002 on· road vehicle, produced ~5 perlelll 01 all NO, emi,·
SiOIl!:o., down from 47 pcrccnlll1 1970. QIl·road vehicle el1li~sion:, at NO"
are down ..J 1 percent since 1970

NO, Emissions 2002

On·Road Vehicles 34 go",

Induslnal Processes
TOla147"0

Fuel CombusllOfI
Total 39.3"/0

Non-Road
VehICleS 194°0

MISCellaneous 1 -,0."
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Change In NOx Emissions by Vehicle Class 1970·2002
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Between 1970 and 2002, NO, cmi",iol1\ lrom pa,)~cl1gcrvehicle"" IIghl-dulY
truck" and heavy.duly gas vehicle, decreased by 75, 9 and H pcrccnt,
re~pectivcly. By cOntraSl, '0, cmio;,o;;ion ... from heavy-dUly dIesel vchkles
increased more than 90 perCel1L
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CO Emissions 1970-2002
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On-road vehIcles are the largesl source of carbon monoxide (CO) eOll';sions.
In 2002, on-ro.d vch,cles produced 56 pcrccnt of.II CO emissions, down
Irom 80 percenl in 1970,

CO EmissIOns 2002

On-Road Vehdes 55.5%

Industflal P,ocesses
TOla140"'.

Fuel CombostlOO
TotaJ4~

MISCellaneous 14 7'l>'..
Non-Road

VehICles 21 8....
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PM10 EmissIOns 1985-2002
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ParliCldate matter consiSl"J 0/ dU\l, direct smoke, and liqUId droplets.
Traditionally inventoried SOUfCC<;, such ae;; fuel COll1bll~tlon, indu\tnal source!!.,

and transponatlon, together make up only about 15 percent of total Pf\t lO

emi"ions. PI'vI 1<J ~rom all <ources declined over -15 percent between 1985
and 2002, and on-road vehicle emissiuns decreased over 50 percenl.

PM 10 Emissions 2002

Agrlculture and Other 30"'0

FugrtMt Dust from
Unpaved Roads 43%

TradtionaJ
Sources 15'-

FugrtM! Oust from
Paved Roads 11 0 ..

PI:Mnl and Area 13"..

The majority of pf\ 11(1 emissions come from ~ourcc~ that are not traditionally
inventoried, such as fugitive dust from paved Clnd unpaved roads, conStruc­
tion and agriculture.
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PM25 Emissions 1990-2002

On-Road VehICles

All Sources
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Fine particulate matler, PJ\.1 25 • results trolll mOlor vchide fuel combustion
and other sOllrce,. Since 1990, Plvl,., lrom all 'atIlTe' decreased by almost
10 perCflll, and on-road vehicle ('mission declined more than 59 perccllL.

Polnl and Area WOo

,r

"'<;,---, On-Aoad VehlCles~

Ott-HIghWay 5...

PM25 Emissions 2002

Agocotture and
Other ..S%

The majonty 01
P~'\2 5" Cl1li ... o;;iollS

come from ~Ollrces

thaI are nOI tradi­

tionally invcl1w­

ried. On-road
exhilllr"t, and emi",­

sian ... from brake

and tire weilr

accuunted lor only
2 percent 01 the
direct PJ\12 :; el1lis­

,Ion... in 2002. Fugitive du,t 11'0111 vehicle... traveling on paved and unpaved
roads account for 26 percent of Pf\12, l:IlW'·l(lrh.
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I '("'""(j'( Criteria Polliliant-ConcentratlOns :..'
(Percental oecreasein~con~n~atiOn), ;. ~,,~,

Pollutant r 19!!.3@Q.2) n rT ':) .
Carbon Monoxide (CO)

Nitrogen Dioxide (N02)

Ozone (O:Jl (1-Hour)

Particulate Matter (PM lO)"

"1993-2002

1 65

21

22

13'

As ;:\11" pollutal1l Cl1li~~iom, have declined over lime, air quality ha!t improved.
Reductionc, in air pollutant cOllcemrJtions arc impressive, with concentra­

tion' or carbon monoxide decreasing by more than 50 rercenl. All 01 the
year< in the 1990, had beller a,,- quality than any 01 the year, III the 1980s,
showing a ~teady trend or improvement.
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The number of excecdancc", 01 the air quality ~lalldard~ n.:mi:llllcd helow an
average oj one per monitor over tht: past live year.;;,
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188 Hazardous Air Pollutants 1999

Area 32%

Non Road 15%

On-Road 2B%

Toxie aIr pollutants, or
air taxies, arc lho<;e pol­

lutants thal may caUlie
cancer or olher ,""erious

heal,h effects, slIch as
reproductive problems

or birth detects. Air
taxies Illay al~o cause

other adverse environ­
ment,,1 "nd ecologlc,,1

effecls. Ex"mpb 01
toxic air pollutams

include benzene, found
in gasoline; per­

chloroelhylene, emitted
fmlll ~oll1e dry cleaning

facilities; and methylene chlonde, u~ed as a \olvcm by a numher of JJ1dus-
tries. i\lo~t air toXICS originate from Inan-made f.,ources, indudll1g nlObdc

sources (e.g., car" trucks, con~tructlon equipment) and stationary 'iourc.:c\
(e.g., faclOries. refineries, power pia III s) , a') well as indoor ,"ource'> (e.g., some

burldJJ1g matenals and cleaning ')o!vents) Some air toXILS are also released

from natural sources, sULh as volcanll enlptlon\ and forest fire.

rPA io; workIng \\'ith its rcgulalOfV panners 1O build on exisllng monitoring
sites to create a national monitoring network lor a number of toxic air pollu­
tants. The goal i... to ensure (hat those compounds po'tlllg (he grcatCf.,t nsk

are l1lea~ured.

EPA al~o compiles an aIr toxic<; Inventory a~ part of the ational [missIOns

InventOlY ( Ell, formerly the "'i"",,1 ToXIC, Inventory, '0 estim"te and
track n(ltional emissionc.; trends for lhc I SS toxic air pollutants regulated
IInder ,he Clean Air Act. In the NI:::I, EPA divides emission' into tOllr types,
(t) major (large industnal) sources; (2) area and other sources. which include
small IndustnfJl ~ollrces like dlY cleaners and gllsoline station'), as well a<; nal+
ural SOLtrcc~ like wildfires; (3) on-road mobile ~Ollrces, and (4) non·road
mobile sources like aircraft, locomotives, and construction equipment.
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Priority MSAT On-Road Emissions 1999

1.3·Buladlene 21%

Acetaldehyde N
ACfO!e/fl24,",-

Formaldehyde 140/0

DPM 18%

01 the 188 Hazardous
Air Pollutants EPA iden­
tified 21 I--Iobile Source
Air Toxics (I-- \SAT), and
turther designatcd six (6)
as prtority 1\ \SAT These
are: Acelaldeyde,
Acrolein, Benzene,

1,3-Butadiene
Formaldehyde, and
Diesel Particulate J\ laller
and Diesel Exhaust
Organic Gascs (DPI\I +

DWGl

The lallowing chart shows the national contribution by emission source for

the 6 priority ISAT This ~hart " meant to show thc per~elllage 01 emis­
sions frOI11 Oil-road vehICles. as compared LO other sources. Pollutanb such as
DPl\l and benzene arc primarily on-road relaled, whde acrolein i~ largely an

area source relaled pollutanl.

Priority MSAT EmiSSIOns 1999-0n-Road v Others 1999

DPM

Formaldehyde

""",."--
I I
I I
I I
I I
I I

Ma.lOr Sautee EnuSSlON

Area SoulCtl En'\ISSlOnS

Non·Road En'IlS5lOf'lS

On-Road Emt59ions
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Energy Intensity 2002
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Per Passengef Mile

Per pas enger mile, light rad and atllt:r commuter transportation modes are
less energy inten..,c than light-duLY pa~sel1gt.'r vehicles. However, bus lfilllSil

and light-duly trucks are more cllergy intense. For Ireighl transport, heavy­
duty lrlJck~ are con... idcrahly 1110re energy llllensc lhan rail on a LOll·ml!c basis.
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Transportation Energy Use by Mode 2002

Highway vehicle ... are the: Iargc"l uscr~
of- lrJl1o;ponatiol1 energy, accoul1ting
for 81 percellt of the tolol.
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Crcl:nholl ...e
gase... trap

hC~ll within
,he earth,
atmosphere,
Allhough
most grcen­

hOll ...c gas
occurs natu~

rally and
helps to keep
Lhe eanh
hospitahle to
life, It also is
gencrZltcd by human aCllviti("~. Carbon dioxide (C02) emis~lons account for

morc lhan 80 percent of the U.S, greenhoLl'il' gas emissions, The!:tc emission'}

are contributing to changes in the planet's temperature" lhal could lead LO

hannlul effec,s, ,uch as sea-level rise and changes in global hydrological pat­
tern,. Although the United States makes up 4.7 percent of the world's popu­
lation, it emils aboul one-fifth of carbon el11i ...~ions lrom ros~il fuel comhu'i­

tion (5,736 million metric 'ons 01 CO, in 2002).

In contra ... t ro mOsl criteria

pollulanh, emissions of
greenhouse gase~ have

been rising from all sec­

lor,. From 1990 to 2002,

carbon emissions from

lran~ponationgrew by
illmol.,l 18 percent.

Overall, lransponalion

<..:oIHnbutc'i apprOXlIllately

one·third 01 national

carhon emission
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Carbon Emissions 2002
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Federal Emissions Standards

The lean Air ACl of 1963 and slIbscquCI1l amendJ11cnt~ set federal cmjc;­

sions-conrrol standards for all new cars and light trucks sold III the United
States. The most recent Clean Air Act Amendment ( AAA) in 1990 estab­
lished more stringent "lIer 1'> cmi~c;ioI1S standards, wh,ch became effective in

19<)~. The CAAA also required studying more ,Iringenl ''1Ier }" emission
"andards. In 1999, EPA determined that these were needed and COSt-effec­
tive. Starting in 2004, all c1a~.,es of passenger vehicles, including ,port-ulility

vehIcle,,", and lighl lrucks, had to comply wilh new average tailpipe standard",

of .07 gram, per mile lor nitrogen oxides.
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Tier 2 Emissions Standards

Light-Duty Vehicle Emissions Under Tier 2 and Low-Sulfur Gasoline Rule

A"llille, Vf\ IT growlh rale of 1.7% per year from 2007 In 2030.

\'lj'H LJ '" LnVllonrm;:m,lll'rntu.. tioll ·\l.!cllU (h,mn \ J 1,< 1II.1 CIr'IIl'1 ("".,111' [, (.1",1,111 \UIJllI RaI, __
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EPA" engine and ga'oline slandards, commonly known as l1er 2, took dfecI
in 2004. The standards were designed to reduce emissions from new pass('n~

gel" cars and light trueb l including pickup trucks, minivans, and sport-utility
vehicles (SUVs). In 2004, Ihe Nation'; rdiner, and importers of ga\oline
began to manufacture gasoline wilh sulfur levels capped al 300 parts per Old­
lion (ppm), approximately a 15 4 percenr redUClIOIl from the previous industry

average of 3-17 ppm. By 2006, rcliners will meet a 30-ppm average <ulfur
level with a cap of 80 ppm. These hlels will CIlJblc vehicles to lise emission ...
comrols thal will reduce tailpipe emissions of NOx by 77 perccl1l for pas'>en·
ger cars and by as much as 95 pcrccl1l for pickup tnlCks, vans/ and 5UVs.
When fully illlplemenred, Ihis program is expected 10 reduce mobile source
elllis<;jions equivalent la taking 164 million car<;j off the road,

r~( 'JulIn,ll .\n.:hl' .. nJ k~" rU.. \t.!lllllll"lrdl.1I 1 ,I F j ~' ,II TiliL -Ill \ul lit'" I J P.llt
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luh )'1'/'1 \'(dl .. rl~ hur \,,\\\ oll........... Up"g.." ~~I-hrn t.!ra,,<.:mhk q~1 lHk \'1'1'110"'1\ 11Ill\ 2005
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Heavy-Duty Diesel Emissions Standards

Due to the growth In freight movement, regulation of vehicleI') lI~ed to ttlln<,­

pon freight, as in the Clean Die el Truck and ilL" Rule, IS hecoming lllereas­
ingly IInportanl.

In December 20001 EPA issued the final rule for a two-part Slralt:gy LO

n.'duct' diesel Cl11iS~IOn~ from heavy-dUlY trucks and buses. This Included
new diesel-engine standards In model year 2004 lor all diesel vehicles over

8,500 pounds. Additional diesel "andards and test procedures will begin in
2007 These "andard, are based on the use 01 high-efficiency advanced
cmis.:;ionc; cOl1trols.

Bccall~c cmissiom,-control device.; arc damaged by sulfur, EPA also inillilted a

program requiring cleaner dics-e1 fuels. Refiner, are required to start produc­
IIlg diesel fuel for highway vehicles with a ,ulfur content of no more than 15

ppm, beginning in 2006. Th" is down from the current level of 500 pplll, a
97 percclll reduction. In order to ensure a smooth trans.nioll/ these rulc'i wl1l

be phased in between 2006 to 20 IO.

"I' ll" 1m mil I11l'nt"II'r, .tn.tum \,:cnf..\ I Il'r IIUI) F , ,/Ol,/ \ (hi. 1.1II.1"t,1 ,1'1,/ H, II l,J'l' I )INI
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Heavy-Duty Vehicle Emissions Under Heavy-Duty Engine/Fuel Rule
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Non-Road Emissions Standards

In 1\1ay 2004 EPA i~sued the on-Road Diesel Rule, which will cut emis­
,ions from con~lruClion, agncultural, and industrial dicsel.powercd cqll1p­
mcm by more than 90 percent. The new rule will also remove 99 percent of
the ~tdrur in die,eliliel by 2010, resulting "' dramatic reduLlion~ in soot
from all diesel engines. The on-Road D'esel Rule complements the Clean
Diesel Truck and Bus Rule.

The on-Road Diesel Rule will result in the ,,'idespread introduction 01
(,l1li ...~ions control sy tems, ",hlch is comparable to the advent of catalytic

converter" for car... in the 1970~. The new ... randard". to be phased in over
the next !-.evcral years, will result in reduclions of pollution eqUivalent to

having some two million fewer trucks 011 the road.

Non-Road Diesel EmiSSions Reductions
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• Projected emissions reductions lor PM 10 and PM2.5 are almoS!ldenltcal
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Sources of Vehicle Emissions

The power to move a mOlOr vehicle comes from burning fuel in an engine.

Emis"oions trom vehicles arc the by·product~ of this combustion process. In
addition, VOC escape through fuel evaporation. As vehicle exhaust systems
have improved, evaporative emissions have become a larger component 01

tala I-vehicle VOC emissions.

Exhaust Emissions
The combustion process fcsullo,; in cmissioll!oo of
VOc. Ox, 1'1>1, and CO which arc released
frolll the tailpipe: whde a vehicle is operating.
Exhau'\r cl11is~ions occur during t\\lO Illodes:

• Cold tan Emissions-starting a vehicle and
the first few minlltes of drivIng generate hIgh­
er el11i~sions because the emi.;;sion\-contro] CqUiplllCIll has not yet
reached its optimal opcnlling temperature.

• Running Emissions-pollutal1l, are emitted frol11 the vehicle's tailpIpe
during driving and idling after the vehicle i' warmed up.

Evaporative Emissions
VOC also e'cape iJ1lO Ihe air through fuel evapo·
ration. Despnc evaporative cmi\"ion... controls,
evaporative.: los~es can still account, on hot day'),
lor a majority ollhe tOlal VOC pollulion from
current model cars. Evaporative c1l1i ...... ion~ occur
In several ways:

• Running Losses-lhe hot engine and exhaust
sy,tem can vaporize ga oline whde the vehicle i<; runll1ng.

• Hot oak (cooling down}-thc engll1c remains hot for a period of time

after the vehicle is lurned off, and ga'oline evaporates when the car i>
parked while cooling down.

• Diurnal (while parked and engine is cool)--even when the vehicle IS

parked for long periods of time, gasoline evaporation occur, a~ the tem­
peralure ri~c", during the day.

• Refueling-gasoline vapors e'cape from Ihe vehicle', !uel tank wh"e Ihe
tank is being lilled.

1<1,1 L1 .... I nVllClllm. nlill l"llU:UlClTl \10:' nc .. Aul,"'I, I ' ~ • il A. (II Jl'ItU' 1.1<'1 1.\111.:( l (),\\'" ...
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Trip Emissions

Average Emissions of aTypical Car on the Road in 2002

VOC CO NO,

35 350 275 Cold 5..,.
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taning a car cold increase.. trip eIl1ls...i()n~ compared to starting an engine

lhat is already warm A typical automobile on the road In 2002 had an aver·
age trip length of 4.0 miles, and, With slighdy morc than 7 trip'" per day, an

average of about 29 vehicle mile.;; traveled per day. On a given weekday,

cold qarlS of a typical vehi Ie produces 7-7 grams of VOC (25 percent of
Ihe typical daily emi'Slons), 88 gram' of CO (26 percem of lhe lypical daily
emi"ion,), and 5 grams of NO, (19 percent 01 the lypical daily emlS,ion,).
Running exhaust accounts lor another 7.8 grams of vae, 251 grams of CO,

and 20.2 grams 01 NO,.

VOC arc al'io emitted through fud evaporation. For example, parking the

car all day produces -I 3 grams of VOc.
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Emissions Rates at Different Operating Speeds

[mission ... r;:ltcS vary bil~ed on the c;pecd;:l. vchlclc b traveling. EPA't; model
for highway vehicle emissions-MOBILE 62-sho"'5 how speed afletts
emISsions rates. VOC and CO emi sions rale, tYPically drop as speed
increasec;. NO, emiSSIons rates turn lip at higher c;pcecis. Emissiol1~ ralC<' at all
~pccds have been falling over tin1t,' as newer, 1110r(' cOl1lrollcd vehicle", enter

the fleel

VOC by Variable Speeds·
.. 40 1970

" 30 ,
• s: 1980
Q. 20• '0 - 1990E• 0 2000" '0 20 30 40 50 60

NOx by Variable Speeds·
.. 30 -1970

" ........... ..........:f 20 1980
• 10 1990E

~ 0 2000
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CO by Variable Speeds".. 600 - 1970

"• 400 .......... '980
Q.

~
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.'Jolr ...ummer lrccway a....... u111pll0I1 u'icd.

Nolr Wlntl'r Irccwav (I<:>\lIlllpliOn u')cd.

Thc...c curves do not represent the lull range of ('ftech a"l"lOClalCd with travel
at cliftcrcnl speeds. Emic;siol1s r;:lles are higher during slop-and·go, congested

traffic conditions than free lIow condition... operating at the same average
speed.
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Car and Truck Emissions

These comparisons show c timatcd in·u e emissions rates, in grams/mile, or
cars and heavy-dulY diesel trucks with 2002 control technology versus 1967
vehicles (before significant comrols). Car emissions rales have declined by
80 percent to 95 percent depending on pollutant, while heavy-duty diesel
truck emissions rales have declined by 82 pcrcent for VO ,42 perccnt for
'0" and 63 percelll lor CO.

grams/milegrams/mile
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Gross Emitters

100'.

80%
Normal Emllters

Grasa Emitters60·.

Percenl of Fleel Percent of vee EmISSions

A small percentage of vehicles emit a large percentage of the pollution trom
on-road vehicles. These "gross emilters" lIlc1ude not only older model cars,

but also some new cars With poorly maimained or malfunctioning emiSSIons

control equipment. As shown in the diagram, it is estimated that less than

10 perce III of the vehicle fleet emits approximatelv 50 percent of the VOC
("Ill Iss-ion.,. The same vehicles, however, arc not alway~ gros,", cmitterl:t ~or all
cnteria pollutants-a different 10 percent may he gross emillers for CO
NOx • and others. Additionally, 10 percent to 27 percent 01 the vehicles
fading inspection never end LIp pJssing the state inspection and maintenance

tcst'..
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Dc,;,pltc cor'llinued Improvements, the ,Ill' quality is<;uc'i fac...ing ~tatcs and

region.. require thal policymakers consider ~lralegies LO reduce emissions

from all sources-poilu and area, on· road vchiLlt=~, and non-road engines.
The slratcgic~ available to tran~pOrtaliOnand air quality official'i range tram
regulatory to voluntary, and from technology· and fLJ(.'I·hased <,(ratcgie~ to

markct·bascd I11ca ... ure!t aimed at changing driver behavior. Two of the more
common policy rcspon..es arc descrihed below.

Conformity
Tran portation conformity I'; a process to enc;urc that federal lunding and
approval arc given to those transportation activities that are consio:;tcnt with

air quality goats. The conronnity regulation requires that all transportation
plan.. and program'i in !lonauainrnem or maintenance area... conform to the
state', air qualny plan, known a, the State Implementation Plan or SIP It

ensure') that transportation activities do not worsen all' quality or Interfere
w,th the purpo,e of the SIP which" to attain the National Ambicnt A,r

Quality Standards (NAAQS). 1\lecting the NAAQS often requ,,·es cmi"ions
reduuion~ Irolll mobile Ioiources. Several transportation l'mis~ions reduction
strategico:; are available and, in some region~, required to help regions allJIn
the ;tandard,.

Inspection and Maintenance Programs
An In~pection and IVlaintenancc Prograll1 (1&1\1) can help to identify cxcc~­

<;ivc vehicle el1lission~ so thal the owner can get rhe vehicle repaired. I~tvt

program~ fall Into two caregories

• Basic larM ll1c1Lldc~ annual or bicnnial insr>ec.tlol1~ by the state or Il1LlnlC·

ipal authority at central or local inspection tacilitie... Basic 1&I\l is
reqUIred III ct'rtilin OZOI1(' und CO nonaltainment areas.

• Enhanced I&M I~ required III areas with morc sevcre air quality prob­

lems and include') Ino:;pcctlon for tampering with ell1ission~ controls or

misfucling, use of computerized emIssions analyzers, and Ino:;pection of

on·hoard diagnostic ,y"tcll1<;.
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Technology Improvements

El11ission~ redliCliol1~ can be achIeved by improving engine technology or

lI')ing altcrnativl' fuel'! or reformulated gasoline. Among engine Improve­

ments, the catalytic converter, which eXlraCl~ pollution from exhau<it, hac;;

made rhe largest cOlllnbulion LO reduce vehicles emissions in recent year~. A
catalytic converler docs not 0pl'rilte effcctivdy, however, until it reaches ito;;

operating temperature after a Glr has been funning tor a few minutes. High
sulluf Content in fuel, like lead III the 1970s. has heen shown to reduce the
effl'cliveness of the catalytic converter. To reduce these ('mis ions, EPA ha5.
prOlnulgalcd a low sulfur fuel rule in cOlljulluion with Tier 2. Researchers are
explonng ways to reduce the time needed to heat the catalytic convener. At
leaq one manufacturer has changed the placemcnt of the catalytic convener
e,o that II healS up and hlllclions more qUickly

Idle Reduction-there is a concerted effort to establISh and fund prOjects
that reduce continuou~ Idling of heavy-duty dIesel truck engines at tnlCk
SlOps. These projects provide electric flower for cah space cooling and hl'at­
ing, as well as other amcnities, such at:; Internet access and lelevblon view­
ing. Idle-rcduction mca<;urcs can help meet multiple goall." including energy
conservation, energy security and environmental stcwardship_ There are
several technologies available to reduce ,dling mcluding direct-fired heatcr-;,
Auxiliary Power Unit~ (APU,,), automatic engine idle managemclll systems,
and Truck Stop Electrification (T E).

Diesel Retrofit-the growth In ;nter.,tate commerce has spawned a corre­
~ponding growth in diesel truck trilf(ic. As new measures and <;tr<ltegic are
Implemcnted to help meet the mOlor-vehlcle emiSSions budgets in SIPs,
expanded application of the diesel engine retrofit program could be an
opportunity in many areas. Sevcf<ll retrollt emissions controllethnologies
arc availahle with v<ll)'ing levels of demonstrated effcctivcnes~ ilt rcduclllg
P/\ I, VOC, CO, and air loxics. The diesel particulate filter has lhe potelllial
to reduce particulates to near zero, Advanced diesel oxidation catalyst<; re~lIlt

In lesco dramatic reductions, hut arc les~ expensive and can run on diel.,e1 with
higher sulfur levels. Various fuel additive.., can abo help reduce ('miSSions of
some pollulal1l~ compared lo regLll<lr diesel fuel.



Use of Reformulated Fuels 1993-2002
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Oxygenates ,uch as Methyl Tertiary Butyl Ether (MTBE) or Ethyl Tertiary
Butyl Ether (ETBE) are blended with gasoline (reformulated fuel) to increase
the oxygen content lor morc <.omplctc <...ornbustion III engine,;, n:<;ulting in

decreased tailpipe emiSSion,;.

EPA htls implemented twO "cleaner burning" fuel program\. One is the
Wimer Oxyfuel Program that require, oxygenated fuel dUring the cold
momhs in eitie... , which have elevated levels of carbon monoxide. Ethanol is
the primary oxygenate lIsed in thi.:; program, and ollce an area is redesignat­

ed to CO attainment, the use of oxygenated luels becomes optional.

The Year-Round Relonnulated Ca'oline Program reqlllres reformulated gaso­
line (RFG) year-round in cilies with the worst ground-level ozone (smog).
RFC is oxygenated h,el that is specially blended to have fewer polluting
cumpounds than conventIOnal ga aline.

As a result of it> use in the nation's fuel supply, MTI3E ha' gotten into the
groundwater and created a fi!ok to drinking waler and ground water
resources. Due to these concerns, Congress i~ con~iderjl1g ;) limit or ban 011

the lI,e of MTBE a, a fllel additive.

'(lllr~( U ~ J )ql3'lmcnl III I r'l ,~ .... l rll",.:v Infoml.l11'/Il'\dlllllll"tr"tlun ,.\II(II,-/lIr'l) 1,1 7',.",lrllllIMI
f,<1Il "'dolll FlIr" JOo-' l,lhlc III "l'"fllcmlx:r }lIU]

\\ch "lIt hnp ... " ... t"I.l d'll; ~II\ llll",ll .1IH:rn;l(I" r.lJ.!'" dJI.1tahk.. lahlclllluml "I~ lUll, ]110"

\,'Ul. U .... 1m lr\lIIrllcllt.l1 I'n Ill'l..I,OO -'\~cnl..\ I('/I'/,lln'r 1'''"<1/>,,1. I" ",.'In rm,1 LJ,wl:llll' \I ,jl,1 'icl,'plu
!I,(.,,,,m,, r Ir'lIl lIn ilrllr!II. "11,1 ""lmllllJlll RI11(11'<lMr "ml, \I.lILh ]11(111
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Gasoline Requirements
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Casoline n:quirclllcnl' vary acros~ the country. The map above depicts the
20 different fuel requirements currently '''ed in the United State,_
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Alternative Fuels

VehlClc/cng1l1c dc\ign is a critical factor affecting emIssion... lrom allcrncllive

fueled vehicles. A variety 01 allernalive luels arc available and can be l"cd
to combell different ;:'l1r pollution problems;

Liquefied Pelroleum Gas (LPG)-A f",sil·fuel derivative cornpmed 01 95
percenr propane and 5 percent butanes. It produces lower CO cmi""iolls, but

Ox l'misSlOllS may be higher.

Natural Gas-A fuel lhal can be in compreS'ed (CNG) or liquefied (I.NG).
The eNC form, morc coml1lon in the transportation sccror, i~ !:lLOrcd in
hIgh-pressure cyllllders. C G generates lower CO and VOC emissions than
conventional ga~olll1e and lower Ox and P I than diesel 11Iel~_

Ethanol-GriJin alcohol made from corn, <"ugarcanc, or woody biomass.
Ethanol blends may reduce CO C:ll1is~iont" but their effecl on ozone io;;

negligible.

Electricity-Electric vehicles may bc powered by halleries either charged at
home or <It c.harging "llillon') with electricity from power plants. They have

no tailpipe C1111S.,lons; overall t:l11issions depend on power planl energy
~uurcc...

Hydrogen-There aft: t\110 (ypc~ of engine~ lhal burn hydrogen. One I') an
internJI combusllon engine, the olher is a ~llcl cell. Hydrogcn is c1can-bllrn-

Alternative Fueled Vehicles in Use 1995-2002
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ing luel that can be produced from coal, natural ga~, petroleum, ,alar, or
wlIld energy. A vehicle operJting on a luel cell, which generates electricity
by hllrnes'iing the reaction of hydrogen and oxygtn to make water, produce"
nO CO or VOC elllissions and extremely low lOX elllls!tions.

Use 01 allernative h.lde:; lor mOLOr vehid('s ha'\ lIlcreased in recent years.
More tholl ,(71 ,noo olternotive Illel vehicles (AFV,) were all the' road ill
2002, a 90 percent increase ;;;ince 1995 These increases arc due to a number
01 policies IIlciuding the Energy Policy Act of 1992, Pre"denllol Exetutlve
Order 12844, which require< Illlllil11UI11 AFVs purchoses for vehicle lIeets.
and the availability 01 tederal funding under the Congestion ]\r1iligation and
Air Quolity Improvement (CMAQl progrom. Energy policy mondotes reqlllr­
IIlg Slate ond fuel provider fleets 10 ocqlllrc AFVs 01<0 took ellecI stoning III

model yeor 1997

Share of Alternative Fuel Vehicle by Fuel Type 2002

LNG 1%

Methanol 1%

LPG 39".

AFVs deSigned to ol,crolc on L,quefied Pelroleul11 Ga< (LPG) wcre the 1110st

popular "' 2002, lollowed by C G and ethono!.
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Transportation Control Measures

Stales and loCJlilicc; can help reduce motor vehicle emission~ by implclllClll·

ing mcaSllre~ to manage travel demand or improvt= lralfic flow. Transpor­
tation Controll\leasures (TCM) is the term used to reler to these ellons
when they are included within a S,ate Implementation Plan. Examples of

these measllrc~ include:

Alternatives to Single Occupant Vehicle Travcl

{\·1easurc!oo lhal focus on providing alternatives to ~ingle-occupalltvehicle

travel, such as carpooling, transit, and bIcycling:

• Bicycie/Pedt:s-trian Facilitics-proVI<;IOll of path", "pcoal lant's, IOLlo-ers, shower~, or

other fllcihtlCS

• Area- \'Vide Ridesharing-a program that proVIde., carpoolmalChmg and II1forma­

tion ~crvlces.

• Parl & Ridt' Facilitit:s---parklllg lots or l'aUlltll'~ located to proVIde aco..:s~ to tran'ilt

!>latlOn.., HOV lanes, bus ~crvict: .., or to encourage carpoolll1g.

• Improved Public Transit-infra!>lnlC.1Ure improvemcm'i, 1llcludll1g -;y.;tClll expansion

provision lor new expanded services ilnd frnanual lIlc..enttves to u~e existing tran"lt

servlcec;; c;;uch ac;; spec..iallare programs to entice nder..

Traffic Flow Measures

1\ leasure that foeus on improving the smoothness of traffic flow to reduce
slop-and-go lraffic conditions,

• Intelligent Transportation Systems (ITS}--a system of Illform;;1tlon tcchnologles

and advanu:s In dcclrol1lC'i lhat arc applied LO the tramportation network. The'ie

lechnologH:s IIlcludc the lale~t III COlllPutCr-., electronics commUlllCatlon... and safety

systcms Some of the morc common applications include

f-rc(·wa\' 'IJlla~t.'m<:nr

Iranslt :'\ lanagelllt.'nt

Inc..ldcnt j\\JllngCI1H.:nt and LlllergclH..v Rc... pon"te

l:kCtronK Toll Collecllon and Ekttronu.: Ene PJV01lom

Railroad (ru~sll1!ol'"

Rc.:glonal \lultl-i\llu.bl Tr.1"c1cr Inllmnatlc.)n

• HOV LlnL'\-highway lanes rec;;l'rvcd lor high~ol.ctlpancyvehiclt:"t 1HOVs), for

example buc;;e." vanpools Jnd L.1rpools

• ~ignal Tinllng Improvcmc.:nt,>-ull€TSCCtlOn signal light <.:hanges to enhance the

lIo\\- ot vehICles on arterial .. II e,. major streets).

10
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Market-Based Measures
J\1casures that rely on pricing a~ an incentive to reduce travel congcstion:

• Parking Pricing-Incrcw.cs In parklllg lee~ or reduced fcc'\- for carpool~

• Parkulg Cash-Outffransit Subsidies-a program III whICh cmployee~ are given the

optIon 01 laking the cash value 01 a parking space or a Iransit c;uhsldy m~lead o~ Irec

parklllg at theIr lob SHe

• Buy-Racks of Old Cars-programs thaI pay o\Vner~ of older Lar\ to ..crap Ihell" vehicles

• Con~..:stionNalUl..· Pridllg-as...e~..mellt 01 road chargc~ dUring hOUT1> of peak demand

• Enwisions/VMT Taxcs-velutle n:gi!lotratlon fees ba ..cd on eml ..... t(Jll .. rilles amVar

1l1l1e.. dnven

• Fuel ~ues-tax('!:> paid at the pump on mOtor Vdlldc fuel...

Employer-Based Measures
l\tea~urcs that cmployer~ Illlplement:

• COll1pressed Workwc:eks-t':\tcl1':ilon 01 lhl" tvplcal workday In order to reduce the

number of d<ly" worked, then.:hy re<lullng the number 01 work trip..

• Tclccommutin~-Jrrangemr.:nh allowlllg employee.. lO work at hUllle or at ~atellitc

aIlKC" do~c to hOllle.

• Commuter ChOice-bencht.. that employcrs can oller cmployee.. to ~omlllUiC to

work hy method~ olher than driving alon.: The..c.: may ll1c1udl' quahhed transporta­

lion Inngeo:; 1 under IRS nile.. , such a.. Irilmll and vanpool voucher~ biking w<llkl11g

Ideworkl11g. rollr.:r blildlllg, and other...

Non-Traditional Measures
• Episodic-mcihureo:; that arc put In piau' during dav~ when aIr qualllv 1\ t."xpected tu

be pour to rcduu' e'\cccdantcs 01 air quality stilndardc;

• Land Use Planning-ll1Lentlvec; and plannm!: to entourage development panerns

lhat plJce job!:> hou..mg, and <;r.:rvlces c1oo;er wgcthl.'r and that em.ourage pt."de\lrian

and tramu-lnt.:nJlv environlllt'Tlb

• Parking Restrictions-parkll1g POliCH::.. that dl,>couragc Vdlldc u':>c, ..uch a... time

rc.. tnCllon<;; and/nr chminJtll1g OrH.trcct p<lrking

• Car ~haring---l'''lahhshcsprograms lor pl.'opk' lI) me <l sharl"d vr.:hlclc lor a ..hon

penod 01 time a... an lI1c{'ntlvc tu lorgo 0\\ nlllg a vehICle i1hogr.:thcr. or to leave therr

pr.:r\onal vehlclt.: at home rnLourage.. u.,c 01 alternatIve modes 01 tramponation

tramll walking I.'t(:



EPA's Voluntary Programs

EPA developed a number of volunlary progra111~ aimed at reducing

~ml ..~ion'i from diesel vchiclc~ on the road today_ Some 01 theo;;e inc..:ludc Clean
School Bus LISA, SmanWay Trampon and the Diesel Retrofit and

Rcpl.:lCcmcnt I'rogram.

Funding

NUl11croll<;; ,ourees arc Jvallilblc to lund measureco that rt:cllIce (ral1~ponatlOI1­

related emlSloil0I1\,includll1g traditional funding sourcec; "lalC and local \OllfCC... ,

user fees and pnvatc "ector reSOUfce"'. One major ,,"oure 01 funds, the
Congestion "litigation and Air Qualllv Improvemellt (Cl\IAQ) program, wa'\

authorized LInder the 1l1tcrmodal Surbcc Tranc;ponation EfflClencv Au
(lSTEA) of 199 I, and reauthorized under the Tramponallon Equity Act for

the 21" Centurv (TEA-21) and the Sale, Accountable, Flexible, and Efficient
Transportanon Act,~A Legacy for L1sers (SAHTEA-LLII.

CMAQ Program
The CJ\ tAQ program allocates fund'> to 'itatcs to Implement transportation

control measurc\ and other Slrateglc.. to help areas mccL the AAQS for

ozone, CO and p]\1. The actual amounl 01 funding is b~hcd on the ~evenlY of

the air quality problem and the population of the area. SLate and lo<.:al govern­
mcnts ~eleCL the project .. to fund and coordin;lle them Lhrough f\ IcLropolitan

Plannlllg OrganizaLions The projccLC) vary by region, but Lvpically include the
following measures:

• Tran.. ir lmprovemerH~

• Alternative Fuels Programs

• Shllred- Ridt: SClviccs

• Traffic Flo\,' Improvements

• Demand f\lanagt:lllcnl Strateglcs

• Pecle"trian and Biey Ie Program..

• In"pccllon and ]\\aintenilllCC Program~

Other aUivillcs, -;uch as Idle reducllon, dic..,c1 retrofit and educallon and OLll­

rt:JLh prograll1~ 11l<1y al~o be eligible lor Cf\\AQ Funds 11 they LonLlibute to

!"celuuions 111 on-road mobile source ellli~..ion~
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Web Sites

U.S. Department of Transportation (DOT)
hltpj(www.dol.gov

US DOT Federal Highway Admlnistralion (FHWAI Planning
Environment and Realty
http://www.lhwa.dol goVi hep/

US DOT, Federal Highway Admini,tration (FHWA), Ollice 01 Highway
Policy Infurmation
http:! www.fhwa.dol.govloh1ll1 I!lclc.:x.hunl

US DOT, Federal Tran'" Admi,"'trallon (ITA)
http://v.,Iww.1 ta.dot .gov

US DOT Bureau 01 Tran,portallon Slal"tlc, (IlTS)
http:1 www.htl:o.gov

US DOT, Center lor Climate Change and Environmental l'oreca"JI1g
h It pj(C! ima le .dol.gov(

U.S. Environmental Protection Agency (EPA)
hltp:!/www.epa.gov

US EPA, 011 ice 01 Air and Radiallon
htl pj(www.epa.gov(oar(

US EPA, Office oj All Quality Planning and Standard,
hItP://www.epa.gov/oar/oaqp...

U.S. EPA, Office 01 Tran,portatioll and Air Quality
http)/www.epa.gov/o1aq

US EPA Glohal Warming Site
h IIp://www.epa.gov/glohalwarl11lng/
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Other Government Agencies
US Department 01 Energy (DOE), Energy Informalion Adnllnistrallon (EIA)
htlpJlwww.ela.doe.gov

U.S. Census Bureau
http://www.cenSlIs.gov

Oak Ridge National Laboratory, Center lor Transponallon Analysis
httpJlwww-cta.ornl.gov

Other Potential Contacts
Center for Transportation and the Environment

j

'onh Carolina Stale LJl1Iversity
http/litre.ncsu.edul<te

State and Territorial Air Pollution Program Administrators/Associat;on of
Local Air Pollution Comrol Officials (STAPPAIALAPCO)
http://www.c1eanairworld org!

Texas TrCln~portation In"ltitllte
http/ltti.ramu.edu

Transportation Research Board (TRill
ht tp//gull iver.trborg

Statistical Publications
Ellllniol/5 oj Grefllhollsf' Gases III/he UJJltnl Sla/es 20CH
http/lwwweia.doe.gov/oiaf/I605Iggrpl/index.htm1

H,ghulay S'tills/io St'1Ies
hltp /1www.fhwa.dot.gov/ohim/ohimslat.htm

J liglJIII"y SI,,","cs 2DOl

hl rp ;//w",w. fhwCl.do t.gov/pol icy/ohim/hsO3/i ndcx.hl III

Wlt'sl Fllldlll!)'! all NatlOllil1 AIr QlIfll"y: 2002 S'at us mId Tremls
htl 1':1Iwww.cpa.gov/trn/chicf/lronds/

Nahal/at TrtWSPOrlcllloll Sill/is/in
hl t p:ll wwwht...gov/publlcatlons/natiDna1_lran~porta II () Il_S laII ~ tiCs!



5111lisliud Alislr"tl of II" L1l1iled Sillies
ht tp)lwww.eensus.gov/prod/www/stati<lIcal-abstraCl-04.htm1

TrllllsportfllioH fum})' Dfflll Book, El,froll 2 I

http)let a.om I. govldatali ndcx. sh ulli

TrmrsporlrlllOIl Stll/is/irs A/jill/a! Re!lolt
hnp://www.brs.gov/pLlhlicati 0 n~1 t ra I1SPO rta l iOI1_~ ta 1is tics_a n11 ua l_re po rtf

Other Puhlications
em T,m/sparlllllon Pmj,,~ Slmtegits He USf,l Jor RfdllClIIg £11115510115;>

hllp)lwww.arb.ea.govlre;eareh/re<notes/notes/98-I.htm

Emissioll Sta"dards Refen'llu' Clline for Hrf1l1y.J)lIly (wd NOIJromi EH!JllleS
hnp)lwww.epa.gov/olaq/een/hd-eertlsld,-eng.pdf

CllidnllCt all COllgC<;/iOll J\ llt,.qtlllOIl and Air 011/1 lily lmprot1nllwf (CA lAO) Program
LIlia" llie T"II/Sporlillioll Eqlllly llel of Ib, 2151 ( millry (TEA-2 J)
httpj/www.fhwa.dol.goy/el1vifonmenl/emaq99gl11.hLIll

SIllies ClIldflllce f)o(.lllllelli Po/icy P/flllllillg /0 Reduce Grec.'llhoJlse Gns Ellliss;OIlS,

Sceo"d £11"ioll
http)Ivosem i te .epa .gov!oa rig I0 ba1warm I ng. nsf/con Ie ntlRe<oureeCen terPubIi
cations Ref-erenceStateCu ida nceDocul11ent. html

The COllgrstioll i\ liligntioll '/ld Arr Qualrty 1m prOIJf'lIletr I Program
httpj1\\'\\1\\1. fh wa. dot.g'ov/e nv iro nmen tfem aqlcm aq broe. pd f

Trml's/Jortnilotl Co"fo",,,'y A 13nslC Cllial'Jar Stilte t/1ld Loud OJJiclnls
h t t pi! www.th\\la.dot.gav/environmenuconformity/basic.:~d.htm

S5








