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RESUMEN

Se investigan los resultados del empleo del modelo US-EPA MOVES2010a para calcular los factores de 
emisión del parque vehicular mexicano, y se comparan dichos resultados con las estimaciones del Inventario 
Nacional de Emisiones de México (INEM) de 2005. El estudio muestra que los factores de emisión PM2.5 
dcucfqu"gp"oqfgnqu."cevwcnk¦cfqu"c"rctvkt"fg"guvwfkqu"tgekgpvgu."rwgfgp"vgpgt"wp"korcevq"ukipkÝecvkxq"gp"
la estimación de emisiones de PM2.5 procedentes de fuentes móviles en México. Porcentajes mayores de 
vehículos antiguos tienden a incrementar las estimaciones de emisiones PM2.5 cuando se utiliza el modelo 
MOVES2010a en comparación con las del INEM 2005; sin embargo, el impacto global sobre las emisiones 
de material particulado varía según la cantidad y antigüedad de los vehículos, y de acuerdo con los porcentajes 
de vehículos antiguos impulsados por diesel y gasolina en el parque vehicular de cada entidad federativa. 
Los resultados también indican que las estimaciones de PM2.5 con MOVES2010a fueron particularmente 
sensibles a la velocidad vehicular, la temperatura ambiente y el contenido de azufre, pero no a la humedad 
tgncvkxc0"Jc{"wpc"itcp"pgegukfcf"fg"eqortgpfgt"ncu"ectcevgt‡uvkecu"fgn"ocvgtkcn"rctvkewncfq"Ýpq"gokvkfq"rqt"
vehículos impulsados por diesel o gasolina en las principales zonas urbanas de México.

ABSTRACT

This study investigates the effects of using the US-EPA MOVES2010a model for estimating PM2.5 
gokuukqp"hcevqtu"kp"vjg"Ogzkecp"xgjkeng"Þggv="vjg"tguwnvu"ctg"eqorctgf"ykvj"vjg"ewttgpv"RO407"gokuukqpu"
guvkocvgu"kp"vjg"4227"Ogzkecp"Pcvkqpcn"Gokuukqpu"Kpxgpvqt{"*OPGK+0"Qwt"tguwnvu"ujqy"vjcv"oqfgn/dcugf"RO407"
gokuukqpu"hcevqtu"wrfcvgf"htqo"tgegpv"uvwfkgu"ecp"jcxg"ukipkÝecpv"korcevu"qp"vjg"guvkocvgf"RO407"gokuukqpu"
from mobile sources in Mexico. Higher fractions of older vehicles tend to increase PM2.5 emissions esti-
ocvgu"wukpi"OQXGU4232c"ykvj"tgurgev"vq"vjg"4227"OPGK"guvkocvgu="jqygxgt."vjg"qxgtcnn"korcev"qp"RO"
emissions varies depending on the vehicle population and vehicle age composition for each Mexican state 
Þggv0"Vjgug"ghhgevu"ctg"rtkoctkn{"ftkxgp"d{"vjg"jkijgt"RO407"gokuukqp"hcevqtu"htqo"vjg"icuqnkpg/rqygtgf"
vehicles and by the high fractions of older gasoline and diesel vehicles. The results also indicate that the 
guvkocvgf"OQXGU4232c"RO407"gokuukqp"hcevqtu"hqt"Ogzkeq"ygtg"rctvkewnctn{"ugpukvkxg"vq"xgjkeng"urggf."
ambient temperature and sulfur content, but not the relative humidity. There is a strong need to better 
wpfgtuvcpf"vjg"ejctcevgtkuvkeu"qh"Ýpg"rctvkewncvg"ocvvgt"*RO+"gokvvgf"htqo"icuqnkpg"cpf"fkgugn/rqygtgf"
vehicles in major urban areas in Mexico.
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1. Introduction

Vjg"ghhgevu"qh"cvoqurjgtke"rctvkewncvg"ocvvgt"*RO+"qp"jwocp"jgcnvj"jcxg"dggp"ygnn"fqewogpvgf"
in recent years; the overall literature provides reasonably compelling evidence that ambient PM 
air pollution contributes to cardiopulmonary morbidity and mortality (e.g., Pope, 2010). There 
is also evidence of induced hemolysis and DNA degradation from PM (Osornio et al., 2011; 
Quintana et al., 2011). Furthermore, airborne PM adversely affects visibility and ecosystems, and 
kpÞwgpegu"enkocvg0"[gv."vjgtg"ctg"uvknn"nctig"wpegtvckpvkgu"kp"vjg"ejctcevgtk¦cvkqp"qh"vjg"rtqrgtvkgu."
eqorqukvkqp."gxqnwvkqp."cpf"uqwtegu"qh"RO"kp"ocp{"wtdcp"cu"ygnn"cu"twtcn"ctgcu0"Vjgtghqtg."kv"ku"
important to address the uncertainties in the characterization of PM during the design of future air 
quality management programs (Bachmann, 2010). 

Emissions from on-road mobile sources contribute substantially to harmful concentrations 
of airborne particulate matter in many urban areas and the PM emissions estimates from mobile 
sources is currently a major challenge and an active area of research (CRC, 2010). For example, 
tgegpv"Ýgnf"uvwfkgu"kp"Ogzkeq"Ekv{"*Oqnkpc"et al.."4229."4232+"jcxg"ujqyp"vjcv"oqdkng"uqwtegu"
gokv"cdwpfcpv" coqwpvu"qh"rtkoct{"RO"cpf" vjcv" vjgkt" gokuukqpu" guvkocvgu" kp" ewttgpv"qhÝekcn"
emissions inventories are highly uncertain (Aiken et al., 2009; Zavala et al., 2009a). Uncertainties 
kp"gokuukqpu"kpxgpvqtkgu"oc{"ctkug"yjgp"oqfgn/dcugf"vgejpkswgu"ctg"wugf"hqt"vjg"guvkocvkqp"qh"
PM emissions from mobile sources due to propagations of uncertainties in: (1) the databases for 
kpxgpvqt{kpi"cpf"encuukh{kpi"vjg"xgjkengÓu"cevkxkv{"ngxgnu."pwodgt"cpf"hwgn"ejctcevgtkuvkeu."cu"ygnn"
as roads type, driving modes, and ambient data representative of the local conditions; (2) the use of 
non-locally measured and model-based emissions factors. Because these sources of uncertainties are 
common during the use of “bottom-up” techniques for the development of emissions inventories, 
it is expected that similar error propagations may apply to PM emissions estimates from mobile 
uqwtegu"kp"qvjgt"wtdcp"ctgcu"qh"Ogzkeq0"Vjgtghqtg."vjg"gzvgpv"cv"yjkej"pqp/nqecnn{"ogcuwtgf"cpf"
modeled-based emissions factors can be used for estimating PM emissions from mobile sources 
in Mexico is an important research question.

Tgugctej"qp"gokuukqpu"htqo"oqdkng"uqwtegu" kp"Ogzkeq"Ýtuv"uvctvgf" kp" vjg"3;;2u"hqewukpi"qp"
icu/rjcug"gokuukqpu"kp"vjg"xgjkeng"Þggvu"kp"Ogzkeq"Ekv{"cpf"c"hgy"qvjgt"ekvkgu"wukpi"tgoqvg"ugpukpi"
techniques (Beaton et al., 1992; Bishop et al., 1997), a tunnel study (Múgica et al., 1998), and 
analyses of ambient data (Riveros et al.."3;;:+0"Vjgug"gctnkgt"uvwfkgu"ujqygf"vjcv"j{ftqectdqp"cpf"
EQ"gokuukqpu"htqo"xgjkeng"Þggvu"kp"Ogzkeq"kp"igpgtcn"ygtg"xcuvn{"itgcvgt"vjcp"kp"ekvkgu"kp"Pqtvj"
Cogtkec"qt"Gwtqrg"cv"vjcv"vkog."rctvn{"fwg"vq"vjg"nctig"htcevkqp"qh"xgjkengu"ykvjqwv"gokuukqp"eqpvtqn"
devices. Most of these studies used dynamometer-based measuring techniques and investigated the 
effects of various parameters such as types, properties, and blend characteristics of fuels (Gamas 
et al., 1999; Díaz et al., 2000; Schifter et al., 2000a, b, c, 2001, 2003a, 2004), engine technology 
(Schifter et al., 2000d; Jazcilevich et al., 2007), toxic emissions (Schifter et al., 2000e), and inspection 
and maintenance programs (Riveros et al., 2002; Schifter et al., 2003b) on the emissions from 
light-duty gasoline vehicles. These laboratory studies helped to better understand the emission 
ejctcevgtkuvkeu"qh"vjg"xgjkeng"Þggv"kp"Ogzkeq"Ekv{"cv"vjcv"vkog"cpf"ygtg"rkxqvcn"hqt"uwrrqtvkpi"cpf"
designing emission-based air quality control strategies. Nevertheless, these studies mostly focused 
on gas-phase emissions factors from light-duty gasoline vehicles in Mexico City and there is still 
c"nctig"icr"qh"RO"gokuukqpu"ogcuwtgogpvu"cpf"kphqtocvkqp"qp"gokuukqpu"htqo"xgjkeng"Þggvu"kp"
the rest of the country.

More recent measurements of emissions factors from mobile sources in Mexico City under real-
yqtnf"ftkxkpi"eqpfkvkqpu"ygtg"qdvckpgf"wukpi"tgoqvg"ugpukpi"vgejpkswgu"*Uejkhvgt"et al., 2003c, 
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2008), and mobile laboratory measurement techniques in the dedicated MCMA-2002/2003 and 
OKNCITQ1OEOC/4228"Ýgnf"ecorckipu"*Lkcpi"et al., 2005; Rogers et al., 2006; Zavala et al., 
2006, 2009a, c; Thornhill et al., 2010). These studies provided valuable information on the chemical 
composition of gases and PM emitted from mobile sources in Mexico City and highlighted the 
korqtvcpv"eqpvtkdwvkqpu"qh"gokuukqpu" htqo"fkgugn/rqygtgf"xgjkengu" vq"rqnnwvcpvu"eqpegpvtcvkqp"
ngxgnu"kp"Ogzkeq"Ekv{0"Jqygxgt."vjgtg"ku"c"uvtqpi"pggf"vq"dgvvgt"ejctcevgtk¦g"Ýpg"RO"gokvvgf"htqo"
fkgugn/rqygtgf"xgjkengu" kp"qvjgt"wtdcp"ctgcu" kp"Ogzkeq"cpf" vq"gxcnwcvg" vjg"ewttgpv" gokuukqpu"
estimates using a combination of measurement and model-based techniques.

The US Environmental Protection Agency (EPA), the Coordinating Research Council (CRC), 
cpf"ugxgtcn"qvjgt"WU"uvcvg"cigpekgu"tgegpvn{"eqorngvgf"c"Ýgnf"ogcuwtgogpv"rtqitco"vq"gxcnwcvg"
gzjcwuv"RO"gokuukqpu" htqo"ogfkwo"cpf" nkijv/fwv{." icuqnkpg/rqygtgf"xgjkengu" kp" vjg"Mcpucu"
Ekv{"Ogvtqrqnkvcp"Ctgc"*GRC."422:+0"Vjg"Mcpucu"Ekv{"uvwf{"eqpÝtogf"vjcv"RO"gokuukqpu"htqo"
nkijv/fwv{"icuqnkpg/rqygtgf"xgjkengu"ctg"jkijgt" vjcp"gctnkgt"rtgfkevgf."cpf"engctn{"ujqygf" vjg"
important effect of the variations of ambient temperature on PM start emissions. As an outcome 
htqo"vjg"Mcpucu"Ekv{"uvwf{."GRC"jcu"writcfgf"cpf"xcuvn{"kortqxgf"vjg"RO"gokuukqpu"guvkocvgu"
in the Motor Vehicle Emissions Simulator version 2010a (MOVES2010a), currently the most 
advanced model for estimating on-road mobile emissions at national, state, county, and project 
level. The recently upgraded model MOVES2010a has also improved the PM emissions estimates 
htqo"fkgugn/rqygtgf"xgjkengu"d{"kpeqtrqtcvkpi"pgy"fcvc"htqo"c"nctig"uvwf{"qh"gokuukqpu"htqo"
jgcx{/fwv{"xgjkengu"eqpfwevgf"d{"ETE"*ETE."4229+."yjkej"cnuq"kpenwfgu"fgvgtkqtcvkqp"ghhgevu"qp"
kp/wug"fkgugn/rqygtgf"xgjkeng"gokuukqpu0"OQXGU4232c"ecp"cnuq"igpgtcvg"gokuukqpu"guvkocvgu"cv"
ownvkrng"igqitcrjkecn"uecngu."htqo"pcvkqpcn"ngxgn"vq"eqwpv{"qt"nqecn"ngxgn."cpf"ykvj"jkij"vgorqtcn"
resolution. As a result, MOVES2010a is currently the EPA recommended model for the development 
qh"gokuukqpu"kpxgpvqtkgu"kp"uvcvg"korngogpvcvkqp"rncpu"*UKR+."cu"ygnn"cu"hqt"rtgrctkpi"tgikqpcn"
emissions estimates for regulatory and transportation conformity applications (EPA, 2010).

Recently, federal and state governmental agencies from several urban areas in Mexico have 
uvctvgf"fgxgnqrkpi"nqecn"gokuukqpu"kpxgpvqtkgu."yjkej"kpenwfg"vjg"guvkocvkqp"qh"gokuukqpu"htqo"
oqdkng"uqwtegu"wukpi"dqvvqo/wr"vgejpkswgu0"Cv"vjg"pcvkqpcn"ngxgn."vjg"Ýtuv"eqortgjgpukxg"Ogzkecp"
Pcvkqpcn"Gokuukqpu" Kpxgpvqt{" *OPGK+" hqt" vjg"{gct"3;;;"ycu" tgngcugf" kp"4228" *UGOCTPCV."
4228+0"Vjg"kpxgpvqt{"hqt"vjg"{gct"4227"ycu"tgngcugf"kp"Fgegodgt"4233"d{"vjg"Ugetgvct‡c"fg"Ogfkq"
Codkgpvg"{"Tgewtuqu"Pcvwtcngu"qh"Ogzkeq"kp"eqnncdqtcvkqp"ykvj"vjg"Eqookuukqp"hqt"Gpxktqpogpvcn"
Cooperation of North America (CEC) (SEMARNAT, 2011). The 2005 MNEI inventory uses the 
MOBILE6.2-Mexico model for the estimation of emission factors for mobile sources. Similar 
to previous versions of this model, MOBILE6.2-Mexico requires several inputs including road 
v{rg."ftkxkpi"oqfgu."hwgn"v{rg"cpf"xgjkeng"vgejpqnqi{"ejctcevgtkuvkeu"hqt"vjg"xgjkeng"Þggv."cu"ygnn"
cu"nqecn"cnvkvwfg"cpf"ogvgqtqnqikecn"eqpfkvkqpu="cnn"qh"yjkej"pggf"vq"dg"eqorkngf"qt"guvkocvgf"
d{"vjg"hgfgtcn."uvcvg."cpf"nqecn"cigpekgu0"Vjg"gokuukqpu"hcevqtu"qdvckpgf"ctg"vjgp"eqodkpgf"ykvj"
xgjkeng"Þggv"rqrwncvkqp"fcvc"cpf"fkuvtkdwvkqpu"qh"xgjkeng/mknqogvgtu"vtcxgngf"hqt"vjg"guvkocvkqp"
of the emissions from mobile sources per vehicle type. The MOBILE6.2-Mexico model is based 
qp"tguwnvu"htqo"ogcuwtgogpvu"qdvckpgf"wukpi"egtvkÝecvkqp"xgjkengu"qrgtcvkpi"fwtkpi"rtguetkdgf"
ftkxkpi"e{engu"vq"ukowncvg"twtcn"cpf"wtdcp"tqcf"eqpfkvkqp"v{rgu."kpuvgcf"qh"wukpi"tgcn"yqtnf"qp/
tqcf"ftkxkpi"eqpfkvkqpu0"Kp"eqpvtcuv."vjg"OQXGU4232c"oqfgn"pqy"kpeqtrqtcvgu"vjg"tguwnvu"htqo"
recent research on in-use vehicles and trucks for the estimation of vehicle emissions by emissions 
processes (e.g., idling, exhaust, crankcase, starts).
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Kp"vjku"uvwf{"yg"kpxguvkicvg"vjg"ghhgevu"qh"wukpi"OQXGU4232c"vq"guvkocvg"RO407"gokuukqp"hcevqtu"
kp"vjg"Ogzkecp"xgjkeng"Þggv"cpf"eqorctg"qwt"tguwnvu"ykvj"vjg"ewttgpv"RO407"gokuukqpu"guvkocvgu"kp"vjg"
4227"OPGK0"Yg"ujqy"vjcv"vjg"tgegpv"uvwfkgu"cpf"wrfcvgf"oqfgn/dcugf"fcvcdcugu"qh"RO407"gokuukqpu"
hcevqtu"wugf"hqt" vjg"fgxgnqrogpv"cpf"gxcnwcvkqp"qh" vjg"OQXGU4232c"oqfgn"ecp"jcxg"ukipkÝecpv"
impacts on the estimated PM2.5 emissions in the MNEI from mobile sources in Mexico. By identifying 
the main parameters that affect the PM2.5 emission estimations, the results can also be used to provide 
recommendations for developing on-road PM2.5 emission factors representative of the Mexican vehicle 
Þggv0

2. Methodology

2.1 Experimental procedure

To assess the potential impacts of using the recently updated model-based databases in the 
guvkocvkqp" qh" RO407" gokuukqpu" htqo"oqdkng" uqwtegu" kp"Ogzkeq."yg" jcxg" eqorctgf"RO407"
gokuukqp"hcevqtu"guvkocvgf"ykvj"vjg"OQXGU4232c"oqfgn"cpf"vjg"dwnm"gokuukqp"hcevqtu"wugf"kp"
guvkocvkpi"RO407"oqdkng"gokuukqpu"kp"vjg"4227"OPGK0"Vjg"tguwnvu"ygtg"cpcn{¦gf"qp"vjg"dcuku"
qh"mg{"kprwv"oqfgn"rctcogvgtu."kpenwfkpi"xgjkeng"Þggv"ejctcevgtkuvkeu"*xgjkeng"v{rg"eqorqukvkqp."
Þggv"uk¦g."oqfgn"{gct+"cpf"hwgn"v{rg0"Hqt"vjg"eqorctkuqp"yg"jcxg"wugf"vjg"ucog"4227"dcug/{gct"
xgjkeng"Þggv"kprwv"kphqtocvkqp"eqorkngf"hqt"gcej"Ogzkecp"uvcvg"fwtkpi"vjg"guvkocvkqp"qh"RO"cpf"
gaseous emissions from mobile sources in the 2005 MNEI. The 2005 MNEI presents the PM2.5 
emissions estimations from on-road and off-road mobile sources for the 32 Mexican states and by 
municipality, obtained using the MOBILE6.2-Mexico model originally prepared for the Western 
Government Association (WGA) by Eastern Research Group (ERG) as part of the development 
of the 1999 MNEI (SEMARNAT, 2011).

2.2 Models description

The input source data needed for using the MOBILE6.2-Mexico model included vehicle registration 
statistics, meteorological data, fuel characteristics, data from inspection and maintenance programs, 
cpf"xgjkeng/mknqogvgtu"vtcxgngf"cpf"vtcxgn/fgocpf"oqfgnu"hqt"Ogzkecp"xgjkeng"Þggvu"vjcv"ygtg"
eqorkngf"ykvj"kphqtocvkqp"htqo"hgfgtcn."uvcvg."cpf"nqecn"cigpekgu"hqt"fgxgnqrkpi"xgjkeng"cevkxkv{"
fcvc0"Vjg"oqfgn"encuukÝgu"vjg"xgjkeng"v{rgu"d{"itquu"xgjkeng"ygkijv"tcvkpi"*IXYT+"cpf"d{"hwgn"
type; for example: motorcycles (MC), light-duty diesel trucks (LDDT), heavy-duty diesel vehicles 
(HDDV), heavy-duty gasoline vehicles (HDGV), light-duty gasoline trucks (LDGT), and light-duty 
gasoline vehicles (LDGV) are some of the main vehicle classes used. The model requires further 
encuukÝecvkqp"qh" vjgug"xgjkeng"v{rgu"d{"urgekÝe"tcpigu"qh"IXYT."tguwnvkpi"kp"kpfgzgf"xgjkeng"
subtypes (e.g.."NFIV3."NFIV4."gve0+0"Cnvjqwij"OQDKNG804"cnnqyu"vjg"guvkocvkqp"qh"gokuukqp"
factors for various emission processes (e.g.."dtcmg"ygct."vktg"ygct."etcpmecug."ygnn/vq/rwor."gve0+."
hqt"eqpukuvgpe{"kp"qwt"eqorctkuqp"ykvj"OQXGU4232c"yg"jcxg"kpenwfgf"qpn{"vjg"twppkpi"gzjcwuv"
gokuukqp"rtqeguugu"vjcv"ygtg"wugf"kp"OQDKNG804/Ogzkeq"hqt"RO407"gokuukqpu"guvkocvgu"kp"vjg"
2005 MNEI.

Although both MOBILE6.2 and MOVES2010a models share the same basic concept of 
determining emission factors for various vehicle classes, they have very different approaches and 
ngxgnu"qh"fcvc/fgvcknu"pggfu0"Hqt"gzcorng."vjg"oqtg"fgvckngf"crrtqcej"wugf"kp"OQXGU4232c"cnnqyu"



113PM2.5 emission factors in Mexico

users to incorporate a variety of activity data to better estimate emission differences such as those 
resulting from changes to vehicle speed, in-use deterioration rates, and meteorological conditions. 
In addition, MOVES2010a uses a different emission rate for each combination of vehicle source 
type, age group, and driving mode. As a result, MOVES2010a emission rates are based on driving 
oqfgu"vjcv"ecp"ceeqwpv"hqt"fkhhgtgpv"rcvvgtpu"qh"ceegngtcvkqp."etwkukpi."cpf"fgegngtcvkqp."cu"ygnn"
cu"cxgtcig"urggf."yjkng"OQDKNG804"ku"dcugf"qp"ciitgicvgf"ftkxkpi"e{engu"cpf"qpn{"ceeqwpvu"hqt"
differences in average speed.

The different approaches and levels of data details used in MOBILE6.2 and MOVES2010a 
require transformations of input data into databases format. We achieved this by using the open 
uqwteg"O{USN"fcvcdcug"ocpcigogpv"uqhvyctg."yjkej"tgswktgf"okitcvkpi"vjg"OQDKNG804"kprwv"
formats used in the 2005 MNEI to MOVES2010a input databases. For example, a major difference 
qp"kprwv"hqtocvu"dgvyggp"dqvj"oqfgnu"ku"vjg"yc{"kp"yjkej"vjg"xgjkeng"v{rgu"ctg"encuukÝgf0"Yjgtgcu"
OQDKNG804"encuukÝgu"vjg"xgjkeng"v{rgu"d{"IXYT"cpf"d{"hwgn"v{rg."OQXGU4232c"ecvgiqtk¦gu"vjg"
xgjkengu"kpvq"35"uqwteg"v{rgu"dcugf"qp"vjg"xgjkeng"encuukÝecvkqp"uejgog"wugf"kp"vjg"Hgfgtcn"Jkijyc{"
CfokpkuvtcvkqpÓu"Jkijyc{"Rgthqtocpeg"Oqpkvqtkpi"U{uvgo"*JROU+0"Vjku"xgjkeng"encuukÝecvkqp"
ycu"ejqugp"kp"OQXGU4232c"vq"ocmg"kv"gcukgt"vq"wug"uvcvg"oqvqt"xgjkeng"tgikuvtcvkqp"fcvc"cpf"
jkijyc{"cevkxkv{"kphqtocvkqp0"Vjg"xgjkeng"v{rg"encuukÝecvkqp"fcvc"kprwv"Ýngu"kp"OQDKNG804/Ogzkeq"
hqtocv"ygtg"vtcpuhqtogf"kpvq"gswkxcngpv"fcvcdcugu"kp"OQXGU4232c"hqtocv"wukpi"vjg"eqpxgtvkpi"
vqqnu"cxckncdng"cv"vjg"GRC"ygdukvg"*GRC."4232+0

The MOVES2010a model uses a graphical users interphase (GUI) for providing all the data 
kprwv" tgswktgogpvu"ykvjkp" c" twp/urgekÝecvkqp" *TwpUrge+" htcogyqtm0"Vjg"TwpUrge" cnnqyu" vjg"
user to specify all the parameters that control a model scenario including: base calculation year, 
temporal data input distributions, geographical locations, spatial scale, type of pollutants, vehicle 
types, inspection and maintenance programs, fuel types, output options, and calculation type. For 
qwt"cpcn{uku"yg"wugf"vjg"ÐKpxgpvqt{Ñ"oqfgnÓu"ecnewncvkqp"v{rg."cnnqykpi"wu"vq"rgthqto"ecnewncvkqpu"
qh"vjg"RO"gokvvgf"ocuu"ykvjkp"c"tgikqp"cpf"vkog"urcp"hqt"vjg"ugngevgf"rqnnwvcpvu."kp"eqpvtcuv"vq"vjg"
ÐGokuukqp"tcvguÑ"ecnewncvkqp"v{rg"vjcv"qpn{"cnnqyu"vq"ecnewncvg"vjg"gokuukqpu"ocuu"tcvgu"d{"ngxgn"qh"
cevkxkv{"*fkuvcpeg"vtcxgngf"qt"gpgti{+"cpf"gokuukqp"rtqeguu0"Vjg"TwpUrge."yjkej"yg"fgxgnqrgf"hqt"
running the emissions scenarios corresponding to the data inputs in the 2005 MNEI, also included 
wtdcp"cpf"twtcn"tguvtkevgf"cpf"wptguvtkevgf"ceeguu"tqcf"v{rgu."cu"ygnn"cu"vqvcn"ocuu"qh"RO407"cpf"
RO32."hqt"cnn"xgjkeng"v{rgu"cpf"icuqnkpg"cpf"fkgugn"hwgn"v{rgu0"Hqt"vjku"cpcn{uku."yg"jcxg"gzenwfgf"
vjg"xgjkeng"Þggvu"rqygtgf"d{"gngevtkekv{."pcvwtcn"icu."cpf"nkswgÝgf"rgvtqngwo"icu."cu"vjg{"tgrtgugpv"
qpn{"c"xgt{"uocnn"htcevkqp"*>"3'+"qh"vjg"vqvcn"xgjkeng"Þggvu0

3. Results and discussion

3.1 PM2.5 emission factors

Total national PM2.5 emissions estimates from on-road mobile sources in the 2005 MNEI are 
11 :46"Oi1{t."qh"yjkej"vjg"Guvcfq"fg"Ofizkeq"cpf"vjg"Fkuvtkvq"Hgfgtcn"ctg"vjg"nctigt"eqpvtkdwvqtu"
ykvj"35;5"cpf"34;:"Oi1{t."330:"cpf"320;"'"tgurgevkxgn{0"Vjg"pwodgt"qh"xgjkengu"htqo"vjg"Guvcfq"
fg"Ofizkeq"cpf"vjg"Fkuvtkvq"Hgfgtcn"ceeqwpv"vqigvjgt"hqt"4409'"qh"vjg"eqwpvt{Óu"xgjkeng"Þggv0"
Vjg"cpcn{uku"qh"vjg"xgjkeng"ecvgiqtkgu"hqt"vjg"Ogzkecp"uvcvgu"kpfkecvgu"vjcv"icuqnkpg/rqygtgf"
xgjkengu"ceeqwpv"hqt"oquv"qh"vjg"vqvcn"Ogzkecp"xgjkeng"Þggv."dwv"vjgtg"ku"eqpukfgtcdng"xctkcdknkv{"
across states (see Fig. 1). For example, the Distrito Federal and the Estado de México together 
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ceeqwpv"hqt"cdqwv"52'"qh"vjg"vqvcn"pcvkqpcn"xgjkeng"Þggv."dwv"jcxg"tgncvkxgn{"uocnngt"rtqrqtvkqpu"
of LDGT1 and LDGT2 compared to the rest of the states. Most of the northern states (like Baja 
Ecnkhqtpkc"Pqtvg."Pwgxq"Ng„p."Ejkjwcjwc."gve0+"jcxg"nctig"uk¦g"xgjkeng"Þggvu"cpf"jcxg"tgiwnctn{"
fkuvtkdwvgf"xgjkeng"Þggv"eqorqukvkqpu0"Pqvkegcdn{."vjg"Fkuvtkvq"Hgfgtcn."Jkfcniq."cpf"Ecorgejg"
jcxg"xgjkeng"Þggv"fkuvtkdwvkqpu"ykvj"uocnngt"pwodgtu"qh"NFIVu0"Uvctvkpi"htqo"3;;;"pgy"icuqnkpg/
rqygtgf"xgjkengu"kp"Ogzkeq"jcxg"vq"eqorn{"ykvj"uvtkpigpv"gokuukqpu"uvcpfctfu"vjcv"nkokv"vjg"
gokuukqpu"qh"icugu"cpf"uwurgpfgf"rctvkengu0"Jqygxgt."Vcdng"K"ujqyu"vjcv"cnn"Ogzkecp"uvcvgu"uvknn"
jcxg"icuqnkpg"cpf"fkgugn"Þggvu"ykvj"nctig"htcevkqpu"qh"qnfgt"xgjkengu0"Pqvkegcdng."ugxgtcn"pqtvjgtp"
Ogzkecp"uvcvgu"vgpf"vq"jcxg"Þggvu"ykvj"nctigt"htcevkqpu"qh"qnfgt"icuqnkpg/rqygtgf"xgjkengu"vjcp"
the rest of the country.

Table 1. Mexican gasoline and diesel vehicle. Fleet size and age.

State 
ID

State Total vehicles 
× 106

% 
LDGV

%
diesel1

% LDGV 
>"3;;;"O[

% diesel 
>"3;;:"O[

0 Distrito Federal 2.232 92.4 5.0 42.0 63.3
1 México 1.969 75.2 6.7 60.6 68.8
2 Baja California 1.638 74.7 0.6 83.8 74.1
3 Jalisco 1.981 43.0 1.3 64.5 80.7
4 Nuevo León 1.292 55.5 2.2 64.6 48.0
5 Hidalgo 0.547 95.7 3.6 75.2 70.4
6 Chihuahua 1.082 46.6 1.1 82.0 75.2
7 Guanajuato 0.927 51.5 2.0 66.5 72.1
8 Michoacán 1.034 44.8 1.0 78.0 82.9
9 Puebla 0.844 48.7 3.2 57.9 72.4

10 Veracruz 0.827 44.5 3.9 54.9 69.1
11 Tamaulipas 0.831 41.9 1.9 71.6 61.6
12 Coahuila 0.655 53.0 1.1 73.7 76.0
13 Sinaloa 0.646 42.9 1.2 74.3 74.8
14 Guerrero 0.424 63.3 3.9 67.5 53.0
15 San Luis Potosí 0.308 65.9 4.1 75.0 64.9
16 Aguascalientes 0.384 50.0 1.4 73.7 79.0
17 [wecvƒp 0.332 51.9 1.5 70.8 67.0
18 Quintana Roo 0.238 60.7 1.6 54.1 63.1
19 Durango 0.365 39.6 1.3 73.4 85.4
20 Chiapas 0.286 45.7 2.8 63.7 70.5
21 Zacatecas 0.381 29.5 1.6 74.1 78.9
22 Querétaro 0.270 41.5 3.4 55.7 53.4
23 Morelos 0.188 58.8 1.4 59.3 69.7
24 Baja California Sur 0.267 40.8 1.1 82.9 69.5
25 Oaxaca 0.236 40.0 3.0 49.2 65.1
26 Tlaxcala 0.204 43.6 2.0 67.9 81.2
27 Sonora 0.184 46.0 3.2 88.9 78.8
28 Nayarit 0.182 33.4 1.6 67.1 81.5
29 Campeche 0.089 64.3 2.6 44.3 67.4
30 Colima 0.138 35.7 2.0 60.2 58.1
31 Tabasco 0.238 18.6 27.6 69.6 67.6

1Diesel category includes light, medium and heavy-duty diesel vehicles. Source: SEMARNAT, 2011. 
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Hkiwtg"3"ujqyu"vjcv"vjg"uvcvg"qh"Dclc"Ecnkhqtpkc"*yjqug"oclqt"wtdcp"ctgcu"ctg"vjg"WU/Ogzkeq"
border cities of Tijuana and Mexicali) have the largest number of cars per person (0.4 vehicles/
rgtuqp+."hqnnqygf"d{"vjg"Fkuvtkvq"Hgfgtcn"*2046"xgjkengu1rgtuqp+."yjgtgcu"oquv"qh"vjg"tguv"qh"vjg"
uvcvgu"jcxg"203"xgjkengu1rgtuqp"qt"nguu0"Kp"igpgtcn."vjgug"ctg"tgncvkxgn{"nqy"tcvkqu"qh"xgjkengu1
person; for example, the corresponding ratio of vehicles/person for Los Angeles for the year 2005 
ycu"205:"xgjkengu1rgtuqp"*ECTD."4232+."yjkej"ku"ukoknct"vq"vjg"pgkijdqt"uvcvg"qh"Dclc"Ecnkhqtpkc0"

Gzegrv"hqt"vjg"uvcvg"qh"Vcdcueq."cnn"Ogzkecp"uvcvgu"ujqy"htcevkqpu"qh"fkgugn/rqygtgf"xgjkeng"
Þggvu" uocnngt" vjcp" 909'0"Vjg" fcvc" cnuq" kpfkecvgu" vjcv" vjg" fkgugn/rqygtgf"Þggv" ku" eqorqugf"
cnoquv"gpvktgn{"qh"JFFX"ykvj"qpn{"xgt{"uocnn"eqpvtkdwvkqpu"qh"NFFV"hqt"cnn"uvcvgu0"Kp"vwtp."
vjg"htcevkqpu"qh"icuqnkpg/rqygtgf"xgjkengu"fqokpcvg"eqorctgf"vq"vjg"tguv"qh"xgjkeng"Þggv"v{rg"
fkuvtkdwvkqpu0"Oquv"qh"vjg"htcevkqpu"qh"NFIX"tcpig"dgvyggp"62"cpf"82'"qh"vjg"qxgtcnn"xgjkeng"
Þggv"dwv"vjgtg"ku"nctig"xctkcdknkv{"cetquu"uvcvgu0"Gzegrv"hqt"vjg"Fkuvtkvq"Hgfgtcn"cpf"Jkfcniq."vjg"
htcevkqp"qh"NFIV"Þggvu"ku"ukoknct"kp"ocipkvwfg"vq"vjg"htcevkqp"qh"vjg"NFIX"Þggv0"Vjg"eqorctkuqp"
uwiiguvu"vjcv"vjg"xgjkeng"Þggvu"kp"Ogzkeq"vgpf"vq"jcxg"uocnn"htcevkqpu"qh"fkgugn/rqygtgf"xgjkengu"
cpf"vjcv"icuqnkpg/rqygtgf"xgjkengu"fqokpcvg"vjg"xgjkeng"Þggvu"ykvj"tgncvkxgn{"jkij"htcevkqpu"qh"
NFIXu"hqnnqygf"d{"NFIVu0"
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Hki0" 30"Nqygt" rcpgn<"Pwodgt" qh" xgjkengu" hqt"Ogzkecp" uvcvgu" d{" xgjkeng"
type. Upper panel: Number of LDGV per habitant for Mexican states. The 
kfgpvkÝecvkqp"qh"vjg"pcogu"qh"vjg"uvcvgu"ecp"dg"hqwpf"kp"Vcdng"30"NFIX<"
Light-duty gasoline vehicles; LDGT1: Light-duty gasoline trucks subtype 1; 
LDGT2: Light-duty gasoline trucks subtype 2; HDGV: Heavy-duty gasoline 
vehicles; HDDV: Heavy-duty diesel vehicles; LDDT: Light-duty diesel 
trucks; MC: Motorcycles.



116 M. Zavala et al.

Vjg"xctkcdknkv{"qh"RO407"gokuukqp"hcevqtu"d{"xgjkeng"oqfgn"{gct"ku"c"etkvkecn"fkhhgtgpeg"dgvyggp"
the MOVES2010 and the MNEI-2005 model results that has an important effect on the overall PM2.5 
gokuukqp"guvkocvgu0"Hkiwtgu"4."5"ujqy"vjg"eqorctkuqp"dgvyggp"RO407"gokuukqp"hcevqtu"qdvckpgf"
wukpi"vjg"vyq"oqfgnu"hqt"xctkqwu"icuqnkpg"cpf"fkgugn/rqygtgf"xgjkeng"v{rgu0"Vjg"cpcn{¦gf"gokuukqp"
factors represent “bulk” conditions for each vehicle type category, i.e. the model’s capability to 
account for parameters that affect PM2.5 emissions under the prescribed inputs. Thus the variability 
among estimated bulk PM2.5 emission factors across Mexican states corresponds to the differences 
in key input data for each state including average vehicle speed, sulfur content, and meteorology.

Vjg"tguwnvu"ujqy"nctig"fkhhgtgpegu"kp"ocipkvwfg"hqt"RO407"gokuukqp"hcevqtu"dgvyggp"icuqnkpg"cpf"
fkgugn/rqygtgf"xgjkengu0"Jqygxgt."vjg"qdugtxgf"ncem"qh"xctkcdknkv{"d{"oqfgn"{gct"kp"vjg"4227"
OPGK"RO407"gokuukqp"hcevqtu" kpfkecvgu" vjcv"c"¦gtq"fgvgtkqtcvkqp"tcvg"ycu"cuuwogf"hqt" vjg"
estimation of PM2.5 emissions, and that changes in PM2.5 emission factors due to technological 
kortqxgogpvu"ygtg"pqv"eqpukfgtgf"kp"vjg"4227"OPGK0"Kp"eqpvtcuv."vjg"RO407"gokuukqp"hcevqtu"
guvkocvgf"wukpi"OQXGU4232c"ykvj"vjg"gswkxcngpv"kprwv"fcvc"kp"vjg"4227"OPGK"cnuq"ujqy"nctig"
xctkcdknkv{"coqpi"dwnm"RO407"gokuukqp"hcevqtu"cetquu"Ogzkecp"uvcvgu."dwv"ykvj"fgetgcukpi"vtgpfu"
for all vehicle categories by model years. Also, the results indicate that PM2.5 emission factors of 
qnfgt"xgjkengu"ctg"ukipkÝecpvn{"jkijgt"vjcp"hqt"pgygt"xgjkengu"kp"vjg"OQXGU4232c0"Vjku"ghhgev"
ku" qdugtxgf" hqt" dqvj"fkgugn" cpf"icuqnkpg/rqygtgf"xgjkengu." dwv" kv" ku"oqtg"rtqpqwpegf" hqt" vjg"
icuqnkpg"xgjkeng"Þggv0"Vjg"fkhhgtgpegu"kp"fgetgcukpi"vtgpfu"dgvyggp"icuqnkpg/rqygtgf"cpf"fkgugn/
rqygtgf"xgjkengu"ctg"eqpukuvgpv"ykvj"nqpi/vgto"cpcn{uku"qh"fcvc"qdvckpgf"htqo"vwppgn"uvwfkgu."kp"
yjkej"qdugtxgf"ejcpigu"kp"gokuukqpu"jcxg"dggp"cvvtkdwvgf"rtkoctkn{"vq"kortqxgogpvu"kp"xgjkeng"
technology (Ban-Weiss et al., 2008; Bishop and Stedman, 2008). 

Ykvj"vjg"gzegrvkqp"qh"icuqnkpg"cpf"fkgugn/rqygtgf"rcuugpigt"ectu"vjg"eqorctkuqp"dgvyggp"
OQXGU4232c"cpf"OQDKNG804"RO407"gokuukqp"hcevqtu"ku"pqv"uvtckijvhqtyctf"hqt"xctkqwu"xgjkeng"
types because the vehicle type categories in MOVES2010a include vehicle population fractions 
qh"vyq"qt"oqtg"OQDKNG804"xgjkeng"v{rg"ecvgiqtkgu"*GRC."4232+0"Uvknn"vjg"eqorctkuqp"ujqyp"
in Figures 2, 3 is informative. For example, MOBILE6.2-Mexico PM2.5 emission factors from 
JFIX"ctg"5/6"vkogu"jkijgt"vjcp"hqt"NFIX."dwv"dqvj"ctg"ykvjkp"vjg"tcpig"qh"vjg"icuqnkpg/rqygtgf"
passenger and light commercial trucks in MOVES2010a (Fig. 2). Also, the PM2.5 emission factors 
htqo"icuqnkpg/rqygtgf"rcuugpigt"ectu"ctg"owej"jkijgt"hqt"qnfgt"xgjkengu"kp"vjg"OQXGU4232c"
eqorctgf"vq"OQDKNG804/Ogzkeq"guvkocvgu."dwv"owej"uocnngt"hqt"vjg"pgygt"xgjkengu0"Hqt"vjg"
fkgugn/rqygtgf"xgjkeng"Þggv." vjg"RO407"gokuukqp"hcevqtu" htqo"NFFX"cpf"NFFV"ctg"jkijgt"
vjcp"vjg"eqttgurqpfkpi"guvkocvgu"qh"fkgugn/rqygtgf"rcuugpigt"cpf"nkijv"eqoogtekcn"vtwemu"kp"
OQXGU4232c0"Jqygxgt."vjg"rqrwncvkqp"htcevkqp"qh"NFFX"cpf"NFFV"xgjkeng"v{rgu"ku"uocnngt"
than the population fraction of HDDV and very small compared to the overall Mexican vehicle 
Þggv"rqrwncvkqp"fkuvtkdwvkqpu0"Vjg"RO407"gokuukqp"hcevqtu"htqo"JFFX:X"*encuu":"jgcx{/fwv{"
fkgugn"xgjkengu+"ctg"ykvjkp"vjg"tcpig"qh"vjg"fkgugn/rqygtgf"eqodkpcvkqp"cpf"ukping"wpkv"ujqtv/
haul trucks in MOVES2010a. 

3.2 PM2.5 emissions

Vjg"tguwnvu"rtgugpvgf"kp"Hkiwtgu"4."5"uwiiguv"vjcv"jkijgt"htcevkqpu"qh"qnfgt"xgjkengu"yqwnf"vgpf"
vq" kpetgcug"RO407"gokuukqpu"guvkocvgu"wukpi"OQXGU4232c"ykvj" tgurgev" vq" vjg"4227"OPGK"
estimates. For example, since the age distributions of HDDV8V have high fractions of older 
xgjkengu"vjg"RO407"gokuukqpu"htqo"qnfgt"xgjkengu"yqwnf"dg"wpfgtguvkocvgf"hqt"vjku"xgjkeng"v{rg."
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yjgtgcu"vjg"RO407"gokuukqpu"htqo"pgygt"fkgugn"vtwemu"yqwnf"dg"qxgtguvkocvgf"ykvj"tgurgev"vq"
OQXGU4232c0"Jqygxgt."vjg"qxgtcnn"korcev"qh"vjgug"fkhhgtgpegu"yknn"xct{"fgrgpfkpi"qp"vjg"xgjkeng"
rqrwncvkqp"cpf"cig"eqorqukvkqp"hqt"gcej"Ogzkecp"uvcvg"Þggv0"Cu"cp"gzcorng."Hkiwtg"6"ujqyu"c"
comparison of PM2.5 emissions for LDGV and HDDV8V vehicle categories for the Distrito 
Federal using the calculated MOVES2010a PM2.5 emission factors and the corresponding 2005 
MNEI estimates. In both cases the MNEI PM2.5 emission estimates for older vehicles are largely 
wpfgtguvkocvgf"ykvj"tgurgev"vq"OQXGU4232c"yjgtgcu"vjg"RO407"gokuukqpu"guvkocvgu"hqt"pgygt"
vehicles are overestimated. Overall both effects are compensated and the total emissions estimates 
hqt"vjg"Fkuvtkvq"Hgfgtcn"ctg"tcvjgt"ukoknct0"Jqygxgt."fcvc"htqo"vjg"OPGK"kpfkecvgu"vjcv"vjg"xgjkeng"
cig"eqorqukvkqp"xctkgu"ykfgn{"coqpi"Ogzkecp"uvcvgu"*e.g., the percentages of 1999 vehicles or 
older are 57.5 and 16.5% for the Distrito Federal and Michoacán, respectively), indicating that the 
qxgtcnn"korcev"qh"vjgug"fkhhgtgpegu"yknn"xct{"fgrgpfkpi"qp"vjg"xgjkeng"cig"eqorqukvkqp"hqt"gcej"
Ogzkecp"uvcvg"Þggv0

Vjgug"tguwnvu"ctg"eqpukuvgpv"ykvj"tgegpv"uvwfkgu"ckogf"cv"eqorctkpi"oqfgn"guvkocvgu"qh"RO407"
gokuukqpu"dgvyggp"OQDKNG804"cpf"OQXGU4232"d{"GRC0"Vjgug"eqorctcvkxg"uvwfkgu"jcxg"ujqyp"
that MOVES2010 provides higher estimates of PM2.5 emissions for both light and heavy-duty 
vehicles and for all of the US urban areas modeled (EPA, 2010; Claggett, 2010). In those studies, 
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Fig. 2. Comparison of PM2.5 emissions 
hcevqtu"qdvckpgf"ykvj"OQXGU4232c"*fqvu"
eqnqtgf"d{"xgjkeng"oqfgn"{gct."O[+"cpf"
MOBILE6.2-Mexico for each Mexican 
uvcvg"hqt"icuqnkpg/rqygtgf"xgjkengu"v{rgu<"
(a) Passenger cars in MOVES2010a 
(colored dots) and LDGV in MOBILE6.2-
Mexico (black triangles), (b) Passenger 
trucks in MOVES2010a (colored dots), 
and HDGV3 and LDGT3 (black and open 
triangles, respectively) in MOBILE6.2-
Ogzkeq0"Vjg"kfgpvkÝecvkqp"qh"vjg"pcogu"qh"
the Mexican states can be found in Table 1.
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vjg"fkhhgtgpegu"kp"RO"gokuukqpu"guvkocvgu"ctkug"kp"rctv"fwg"vq"vjg"uwduvcpvkcn"kpÞwgpeg"qh"xgjkeng"
speed (including idling), crankcase emissions, and temperature that are accounted differently in the 
vyq"oqfgnu0"Vjg"tguwnvu"qh"vjg"eqorctcvkxg"cpcn{uku"kpfkecvg"vjcv"wukpi"OQXGU4232c"vq"guvkocvg"
RO407"gokuukqpu"htqo"oqdkng"uqwtegu"kp"Ogzkeq"yknn"kpetgcug"vjg"ewttgpv"gokuukqp"guvkocvgu"hqt"
qnfgt"xgjkengu"cpf"fgetgcug"vjg"guvkocvgu"hqt"pgygt"xgjkengu"qdvckpgf"d{"wukpi"vjg"OQDKNG804/
Mexico model. The inclusion of other emission processes (e.g.."dtcmg"ygct."vktg"ygct."etcpmecug."
ygnn/vq/rwor."gve0+"yqwnf"hwtvjgt"kpetgcug"vjg"fkhhgtgpegu"kp"vjg"qxgtcnn"RO407"gokuukqpu"guvkocvgu0"

It is important to identify the key parameters that affect PM2.5 emission estimates using the 
recent developments in MOVES2010a. An analysis of the data inputs used for estimating the PM2.5 
emissions from mobile sources in the 2005 MNEI indicates that the average vehicle speed and 
temperature had the highest sensitivity on the MOVES2010a PM2.5 emission factors estimates. 
Kp"igpgtcn."RO407"gokuukqp"hcevqtu"ygtg"jkijgt"hqt"jkijgt"cxgtcig"xgjkeng"urggfu."eqpukuvgpv"ykvj"
studies indicating higher PM emission rates observed under high engine load conditions (i.e., vehicle 
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Hki0"50"Eqorctkuqp"qh"RO407"gokuukqpu"hcevqtu"qdvckpgf"ykvj"OQXGU4232c"*fqvu"eqnqtgf"d{"xgjkeng"
oqfgn"{gct."O[+"cpf"OQDKNG804/Ogzkeq"hqt"fkgugn/rqygtgf"xgjkengu"v{rgu<"*c+"Eqodkpcvkqp"ujqtv/
haul trucks in MOVES2010a (colored dots) and HDDV8V in MOBILE6.2-Mexico (black squares); 
(b) Light commercial trucks in MOVES2010a (colored dots), LDDT (triangles), and HDDV3 and 
JFFX7"*cuvgtkumu+"kp"OQDKNG804/Ogzkeq0"Vjg"kfgpvkÝecvkqp"qh"vjg"pcogu"qh"vjg"Ogzkecp"uvcvgu"
can be found in Table 1.
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urggfu+"*Mgcp"et al., 2003; Cadle et al., 2007; Zavala et al., 2009b). Similarly, recent studies are 
eqpukuvgpv"ykvj"vjg"qdugtxcvkqp"vjcv"Ýpg"RO"gokuukqpu"kpetgcug"ykvj"gpikpg"nqcf"hqt"fkgugn/rqygtgf"
gpikpgu"cpf"vjcv"xqncvkng"htcevkqp"qh"Ýpg"RO"fgetgcugu"ykvj"kpetgcukpi"nqcf"*¥kgoocpp"et al., 
4224="Myqp"et al., 2003). This can be explained by the high fraction of unburned lubricating oil 
qdugtxgf"kp"vjg"RO"gzjcwuvu"ykvj"tgurgev"vq"eqodwuvkqp"qzkfcvkqp"rtqfwevu"cpf"wpdwtpgf"hwgn0

The 2005 MNEI used only a limited range of sulfur content in gasoline and diesel fuels. 
Cp"cxgtcig"uwnhwt"eqpvgpv"qh"522"qt"722"rro"ycu"cuuwogf"hqt"cnn"Ogzkecp"uvcvgu."gzegrv"hqt"
vjg"Fkuvtkvq"Hgfgtcn"cpf"vjg"Guvcfq"fg"Ofizkeq"ykvj"cp"cxgtcig"uwnhwt"eqpvgpv"qh"466"rro0"Vyq"
cffkvkqpcn"ugpukvkxkv{"ecugu"hqt"vjg"Fkuvtkvq"Hgfgtcn"ygtg"twp"vq"gxcnwcvg"vjg"rquukdng"ghhgevu"qh"
uwnhwt"eqpvgpv" kp"hwgn" kp" vjg"OQXGU4232c"guvkocvgu0"Kp"vjg"Ýtuv"uegpctkq"vjg"cxgtcig"uwnhwt"
eqpvgpv"kp"icuqnkpg"hqt"vjg"Fkuvtkvq"Hgfgtcn"ycu"fgetgcugf"htqo"466"rro"vq"72"rro="kp"vjg"ugeqpf"
uegpctkq"vjg"cxgtcig"uwnhwt"eqpvgpv"kp"fkgugn"ycu"fgetgcugf"htqo"722"rro"vq"72"rro"*wnvtc/nqy"
uwnhwt"fkgugn+="vjg"tguwnvu"ctg"ujqyp"kp"Hkiwtg"70"

Vjg" tguwnvu" htqo" vjg"Ýtuv" uwnhwt" ugpukvkxkv{" uegpctkq" ujqygf"fgetgcugu"qh" guvkocvgf"RO407"
gokuukqpu"htqo"icuqnkpg/rqygtgf"rtkxcvg"ectu"kp"vjg"tcpig"qh"205/804'"*cxgtcig"404'+."xct{kpi"
by vehicle model year. In the second sulfur sensitivity scenario, the PM2.5 emission factors for the 
fkgugn/rqygtgf"xgjkengu"ygtg"tgfwegf"kp"vjg"tcpig"qh"305/809'"*cxgtcig"506'+0"Kp"dqvj"uegpctkqu."
vjg"jkijgt1nqygt"fgetgcugu"qeewttgf" kp" vjg"pgygt1qnfgt"xgjkeng"v{rgu."dwv" vjku"oc{"ejcpig"hqt"
Þggvu"ykvj"fkhhgtgpv"xgjkeng"cig"eqorqukvkqp0"Fwg"vq"kvu"tqng"kp"xct{kpi"vjg"tcvgu"qh"pwengcvkqp/
condensation processes, sulfur content in fuel and lubricating oil can also have an important role in 
vjg"ocuu"cpf"pwodgt"qh"Ýpg"RO"gokvvgf"htqo"oqdkng"uqwtegu0"Qxgtcnn."uvwfkgu"jcxg"eqpukuvgpvn{"
tgrqtvgf"vjcv"vjg"rtgugpeg"qh"uwnhwt"kp"hwgn"cpf"nwdtkecvkpi"qkn"kpetgcug"vjg"ocuu"qh"gokvvgf"Ýpg"
PM, but their size distributions vary depending on the availability of organic and soot fractions in 
the exhaust (Vaaraslahti et al., 2005; Ristovski et al., 2006). Although sulfate typically constitutes 
c"uocnn"htcevkqp"qh"vqvcn"gokvvgf"Ýpg"RO"*rctvkewnctn{"hqt"fkgugn/rqygtgf"xgjkengu"ykvjqwv"c"fkgugn"

Fig. 4. Comparison of PM2.5 emission estimates for 
vjg"Fkuvtkvq"Hgfgtcn" dgvyggp" vjg"OQXGU4232c" cpf"
MOBILE6.2-Mexico using the MNEI 2005 inputs for 
light-duty gasoline vehicles (LDGV, triangles) and class 
8 heavy-duty diesel vehicles (HDDV8V, squares).1
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rctvkeng"Ýnvgt+."vjg"rtgugpeg"qh"uwnhwt"kp"vjg"hwgn"kpetgcugu"vjg"vqvcn"ocuu"qh"Ýpg"RO"gokvvgf"fwg"
to increases in the rate of nucleation-condensation processes. Nucleation of H2SO4 particles in the 
exhaust may be favored by extreme dilution after leaving the vehicle, and organic compounds may 
condense on the sulfate particles. 

We have performed sensitivity scenarios for estimating the effects on PM2.5 emissions due 
to changes in average ambient temperature in the range of 6-17 ºC. The results indicated linear 
fgetgcugu"qh"RO407"gokuukqpu"htqo"icuqnkpg"rqygtgf"xgjkengu"d{"kpetgcukpi"vgorgtcvwtg."dwv"pq"
ejcpigu"qp"guvkocvgf"RO407"gokuukqpu" htqo"fkgugn"rqygtgf"xgjkengu0"Vjg" nkpgct" kpetgcugu"qp"
RO407"ygtg"kp"vjg"tcpig"qh"604/707'"ejcpig"qp"gokuukqpu"d{"3"fgitgg0"Jqygxgt."vjgug"vgorgtcvwtg"
ghhgevu"qp"RO407"gokuukqpu"jcf"xgt{"nkokvgf"xctkcvkqpu"d{"xgjkeng"oqfgn"{gct0"Vjg"oqfgn"ujqygf"
pq"ugpukvkxkv{"ghhgevu"qp"RO407"gokuukqpu"htqo"fkgugn"rqygtgf"xgjkengu"vq"ejcpigu"kp"cxgtcig"
relative humidity.

These results highlight the importance of continuous improvement in gathering local data on 
key input parameters during the estimation of PM2.5 emissions for mobile sources. The PM2.5 
gokuukqp"hcevqtu"guvkocvgu"yknn"uvtqpin{"dgpgÝv"htqo"vjg"wug"qh"nqecnn{/tgrtgugpvcvkxg"xcnkfcvgf"
input parameters that can be obtained from combined measurements-based and model-based 
uvwfkgu0"Kv"ku"cnuq"korqtvcpv"vq"korngogpv"Ðvqr/fqypÑ"gxcnwcvkqpu"qh"RO407"gokuukqpu"guvkocvgu"
in emissions inventories developed for major urban areas in Mexico other than Mexico City. 
Controlled, dedicated studies for the measurement-based evaluations of PM2.5 emission factors 
estimated in current mobile emissions models can reduce the uncertainties during the estimation 
of PM2.5 emissions from mobile sources in Mexico. Due to their higher emission rates and their 
nctig"rqrwncvkqp"htcevkqpu"kp"vjg"Ogzkecp"xgjkeng"Þggvu."vjku"gxcnwcvkqp"ujqwnf"dg"rtghgtgpvkcnn{"
fktgevgf"vqyctfu"vjg"ogcuwtgogpv"qh"RO407"gokuukqp"hcevqtu"qh"qnfgt"xgjkengu"hqt"dqvj"icuqnkpg"
cpf"fkgugn/rqygtgf"xgjkengu0
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htqo"466"vq"72"rro"kp"icuqnkpg"hqt"icuqnkpg/rqygtgf"xgjkengu="
Scenario 2: S reduction from 500 to 50 ppm in diesel for diesel-
rqygtgf"xgjkengu0
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4. Conclusions

Kp"vjku"uvwf{"yg"rtgugpv"tguwnvu"qh"vjg"gxcnwcvkqp"qh"rquukdng"korcevu"qh"tgegpv"uvwfkgu"cpf"oqfgn/
based databases of PM2.5 emissions factors for their potential use in estimating PM2.5 emissions 
htqo"oqdkng"uqwtegu"kp"Ogzkeq0"C"nkvgtcvwtg"tgxkgy"qh"uvwfkgu"qp"gokuukqpu"htqo"oqdkng"uqwtegu"
in Mexico indicates that there is a large gap of measurements and information on emissions from 
xgjkeng"Þggvu"kp"oquv"wtdcp"ctgcu"qh"vjg"eqwpvt{."cpf"vjcv"oquv"qh"vjg"kphqtocvkqp"icvjgtgf"jcu"
hqewugf"qp"vjg"icu/rjcug"gokuukqpu"htqo"icuqnkpg/rqygtgf"xgjkengu0"Vjgtghqtg."vjgtg"ku"c"uvtqpi"
pggf" hqt"c"dgvvgt"wpfgtuvcpfkpi"qh" vjg"ejctcevgtkuvkeu"qh"Ýpg"RO"gokvvgf" htqo"fkgugn/rqygtgf"
vehicles in major urban areas in Mexico.

Eqorctkuqp"qh"vjg"xgjkeng"Þggv"ejctcevgtkuvkeu"ujqyu"vjcv"icuqnkpg/rqygtgf"xgjkengu"fqokpcvg"
qxgt"vjg"fkgugn/rqygtgf"xgjkeng"Þggvu"ykvj"tgncvkxgn{"jkij"htcevkqpu"qh"NFIXu"hqnnqygf"d{"NFIVu"
kp"Ogzkecp"Þggvu0"Ogzkecp"xgjkeng"Þggvu"jcxg"tgncvkxgn{"jkijgt"htcevkqpu"qh"qnfgt"xgjkengu"cpf"nctig"
xctkcdknkv{"cetquu"Ogzkecp"uvcvgu0"Vjg"fcvc"cnuq"uwiiguvu"vjcv"icuqnkpg/rqygtgf"xgjkeng"Þggvu"kp"
Ogzkeq"jcxg"tgncvkxgn{"jkij"htcevkqpu"qh"xgjkengu"ykvjqwv"gokuukqp"eqpvtqn"vgejpqnqi{0"

Vjg" tguwnvu" uwiiguv" vjcv" jkijgt" htcevkqpu" qh" qnfgt" xgjkengu"yqwnf" vgpf" vq" kpetgcug"RO407"
gokuukqpu"guvkocvgu"wukpi"OQXGU4232c"ykvj"tgurgev"vq"vjg"4227"OPGK"guvkocvgu0"Jqygxgt."vjg"
qxgtcnn"korcev"qh"vjgug"fkhhgtgpegu"yknn"xct{"fgrgpfkpi"qp"vjg"xgjkeng"rqrwncvkqp"cpf"xgjkeng"cig"
eqorqukvkqp"hqt"gcej"Ogzkecp"uvcvg"Þggv."ykvj"RO407"gokuukqpu"dgkpi"wpfgtguvkocvgf"hqt"qnfgt"
xgjkengu"yjgtgcu"RO407"gokuukqpu"guvkocvgu"hqt"pgygt"xgjkengu"yqwnf"dg"qxgtguvkocvgf0"Vjg"ghhgevu"
ctg"rtkoctkn{"ftkxgp"d{"vjg"jkijgt"RO407"gokuukqp"hcevqtu"htqo"vjg"icuqnkpg/rqygtgf"xgjkengu"cpf"
by high fractions of older gasoline and diesel vehicles. The inclusion of other emission processes 
(e.g.."dtcmg"ygct."vktg"ygct."etcpmecug."ygnn/vq/rwor."gve0+"yqwnf"hwtvjgt"kpetgcug"vjg"fkhhgtgpegu"
in the overall PM2.5 emissions estimates. The estimated MOVES2010a PM2.5 emission factors 
hqt"Ogzkeq"ygtg"rctvkewnctn{"ugpukvkxg"vq"xgjkeng"urggf."codkgpv"vgorgtcvwtg"cpf"uwnhwt"eqpvgpv0"
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