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|. INTRODUCTION

As cities grow in population, area and wedth, their trangportation systems inevitably
become more complex, with more people and goods traveling greater distances to more
dispersed origins and destinations. This complexity not only challenges the primary
objectives of transportation — providing residents access to jobs, education, and other daily
needs and wants and facilitating the exchange of goods and services— but it dso givesrise
to ahogt of environmentdl, financia, and socia condraints which often inhibit
transportation system development. Furthermore, as populations swell and activities
sporead, additiona problems arise semming from the need for multi-inditutiond, multi-
jurisdictiond, and multi-governmenta coordination for system planning, developmernt,
operations, and management.

The case of the Mexico City Metropolitan Area (MCMA) offers an illuminating case sudy
of these complications. Over the past half century the city has grown tremendoudly -
Mexico City istoday one of the world' sfive largest cities. It aso holds the dubious
digtinction of being one of the worlds most polluted cities, suffering from dire air

pollution problems for much of theyear. To help dleviate the city’ sar pollution problem,
MIT recently launched the Integrated Program on Urban, Regiond and Globa Air
Pollution, a multi-disciplinary initiative being led by MIT Professors Mario Molinaand
Greg McRae, and involving a number of universities, consultants, and government
agencies from Mexico and the United States. This paper has been developed within the
context of the Integrated Program.

While this paper was developed with a particular eye on transportation-related air queity
issues, its ultimate scope extends — necessarily — beyond air pollution, snce only through a
careful congderation of dl agpects of the metropolitan region transportation system can
viable long-term mobile source emisson reduction measures be compared and ultimately
implemented. Transportation pollution control measures smply cannot be developed
without a broad understanding of the larger trangportation-land use system of the city.

To facilitate such an understanding, this paper broadly profilesthe MCMA’ s transportation
system, providing:
- abackground on socio-economic growth and land development over the last half
century;
agenera characterization of traveler and freight transportation demand, by mode;
an inventory of trangportation supply, including infrastructure, vehicles, and levels
of service;
abrief overview of air pollution and other negetive effects of the city’ s transport
sysem,
adescription of responghilities, relationships, and dynamic issues amnong the
relevant indtitutions, and
areview of current trangportation-land use plans.

Drawing from this profile, the paper concludes with a categorization of the mgor problems
confronting the city from a transport-environment perspective and a presentation of genera
recommendations to help guide the next phase of the Mexico City Project in devisng
interventions to Smultaneoudy confront the MCMA’s mobility and air qudity chalenges.
Only thefirg sage in a multi-year initiative, this paper does not devel op specific policy



measures and initiatives, indead generd guidelines are provided, with the hope that such
guiddines can help steer the future development of policies that can smultaneoudy satisfy
the city’ smobility and air quality needs.

The Economic Cycle of Urban Transportation

To better understand the chalenges confronting alarge developing country city like
Mexico City, it isfirst important to consder the economic cycle which drives the urban
transport dynamic (see Figure 1.1). Transportation serves as a primary backbone of any
urban area. Through transportation-facilitated activities, economic growth is engbled; this
economic growth, in turn, creates transportation impacts, most often manifested through
increasing trip rates, risng motorization, shifts towards more rapid travel modes, and
growing trip distances. These transportation effects themsd ves then produce economic
impacts, often negeative “externd” effects, such as congestion, air pollution, and accidents.

Figure 1.1: Urban Trangport’s*“Vicious’ Cycle
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Source: Zegras, 1998.

Not only do such effects often undermine the effective provision of trangportation services,
they aso themselves can further inhibit economic growth, representing lost resourcesin
the form, for example, of wasted time and impaired hedth. It isat this stage of the urban
transport “cycle’ where conflicts most often emerge — on the one hand some form of
investment or intervention is needed to reduce trangportation’ s negative impacts and
continue enabling economic growth; on the other hand, many interventions are rendered
difficult or impossible, due to congraints such as air pollution (producing, for example,
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roadway congtruction moratoriums) or smply lack of financing. The dilemma arises of
how to mitigate or eiminate trangportation’ s negative effects while continuoudy alowing
it to serve its role as backbone to the urban economy.

Whilethis cycleis attributable to alarge degree to trangportation in any city in the world, it
is particularly important in cities of the developing world, where urban growth is often
occurring most rapidly, where financia congraints are often the most pronounced, and
where pollution (and other negative effects) are often the most severe. Within this context,
the study of the MCMA proves vauable. The city has. experienced rapid demographic,
physical and economic (albeit sometimes sporadic) growth in recent decades; gone through
rapid motorization and important moda shiftsin recent years, grappled somewhat
successtully with the implementation of improved motor vehicle technologies; and,
invested heavily, though geographically disparately, in mgor urban road and rail
infrastructure. Nonetheless, the city continues to suffer from dmost overwhemingly
complex problems of chaatic traffic conditions and dire air pollution — no essy sngle
olution isin Sght.

[I.THECITY, THE REGION, THE “MEGAPOLIS”

Asoneof the largest citiesin the world, the MCMA has undergone massive transformation
in urban area and demographics throughott its history. In the lagt haf century aone, the
urbanized area of the region has increased by 13 times, from just 118 ki of urbanized
areain 1940 to approximately 1,544 kn¥ by 1995. The expansion pushed the city beyond
the Federd Didtrict (Digtrito Federal or DF) and into the State of Mexico (Estado de
Mexico or EM) aswell as some parts of the State of Hidalgo (Ward, p. 57; SEDESOL, p.
75) (See Figure 2.1).

The actua size of the Metropolitan Area depends, of course, on how one defines the
“aea” Thereare at least three different pergpectives that can help in understanding the
Metropolitan Region and its context. Firdt, there is the Federd Didtrict, which contains the
higtorical city center and continues to serve as amgjor population center and commercid
and services center (CBD) of the region. Second isthe MCMA, comprised of the 16
delegaciones of the DF plus 57 of the mgor urbanized municipdities (municipios) from
the State of Mexico (sometimes including one municipio from the state of Hidago).
Findly, thereisthe so-cdled “megapoalis,” which extends beyond the MCMA to include
the “crown of cities’ (including Puebla- Tlaxcala, Cuernavaca: Cuautla, Pachucaand
Toluca) — aliterd ring of cities surrounding the MCMA at aradius of 75— 150 kilometers
from the city center.

Including the “ crown of cities” within the region of influence of the MCMA, one gainsan
appreciaion of the overdl importance of this region to the entire country in terms of
population and contribution to GDP. 1n 1995, 9% of the country’s population resided in
the DF, another 9% resided in the urbanized regions of the MCMA, while amost 7%
resded in the so-caled “crown” cities. Intotd, the “megapolis’ contains 23 million
residents (25% of the nation’ s population) and accounts for nearly 42% of GDP. While for
the mogt part this report will focus on the MCMA, reference will be made to the
“megapoalis” particularly since there are important transportation implications arisng from
plangefforts to integrate the “crown of cities’ into the metropolitan region.



Figure2.1: The MCMA & Environs: Recent Growth
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URBAN GROWTH

As mentioned previoudy, the MCMA has exhibited strong urban outgrowth/
decentralization trends, particularly from 1970 orward. Between 1970 and 1995, the
‘centrd city’ area’ s population declined by between 1.7 and 2% per year, while the
successive “rings’ around the city absorbed a growing share of the city’s population. The
areaimmediately around the CBD* — historically the focus of population expansion - while
il growing, declined from 3.6 percent growth during the 1970s to just over 0.5% growth
by 1995. Whilethefirgt ring gtill concentrates the greatest single share of the MCMA'’s
population, more distant areas are experiencing the most rgpid growth. The result of these
trends has been aflattening in the population dengity patterns acrossthe MCMA. Looking
just a the Federd Didtrict data, we see that by 1995, dthough the Central areas of the city
dill have the highest dengity levels, these have declined and become more uniform with
other parts of the city (see Figures 2.2 and 2.3).

! Miguel Hidalgo, Benito Juarez, Cuauhtemoc and Venustiano Carranza delegaciones are the downtown or
inner city.
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Figure 2.2: Evolution of Federal District Population Densities
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Figure 2.3: Federal District Densities by Delegacion?
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Source: Ciudad de Mexico, 1999

2 Note: Delegacion is considered to be in traditional central city (CBD), or ring 1,2, 3 (see Ward, 1998, p.
48).
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Atamicro leve, Graizbord et d (1999) evduate dendties at the digtrict (unit of andys's of
the 1994 O-D survey) leve. They dso find agenera declining trend in dengties according
to distance from the Zoca o (center of the central city). Nonetheless, there are severd
points of very high density settlements at distances of up to 30 km from the Zocdo (CBD).

Demographics

Higtorica patterns of urban growth are tightly linked to socioeconomic trends and
migration patterns. Because the growing city has been amgor nationd employment
magnet during the twentieth century, the settlements formed by migrants largely define the
expansion of the metropolitan area as successive waves of arrivas create resdentid
communities on the urban edge. In broad terms, the western and southwestern parts of the
MCMA have been the foci of wedthier populations, dthough some of the delegacionesin
this region (Alvaro Obregon and Magdaena Contreras) have arelative mix of rich and
poor. Within the DF itsdf, the eastern and southern delegaciones contain the greatest
proportion of poor resdents. Graizbord, et a (1999) point to a general pattern of higher
income groups being concentrated towards the city center, with income leves dedining
with increased distances from the Zocado (p.13). Again, however, many higher income
digricts can be found &t distances rdatively far from the city center, particularly
Huixquilucan a high income residentid arealocated at some 25 kms from downtown.

Population Growth

Ward (1998) estimates that migration will play asmaller rolein Mexico City’ s future
growth, relative to other demographic factors, particularly aging. While the city has shown
dedining fertility ratesfrom 1970 onward, the population “remains heavily ‘loaded’ in the
young parent age group (20-35)... The whole demographic equation, therefore, hinges upon
these future parents decisions regarding family sze’ (Ward, 1998; p. 52). Additiona
implications arise from the expected increase in the over-65 age group - expected to double
in size between 2000 and 2020 (to about 8 % of tota population) (Ward, 1998; xiv). We
cannot ignore the growth in importance of these two age cohorts (baby boomers and
increasing “gray” population) in terms of transportation service provision.

In 1995, the DF had over 2 million households, with an average size of 4.2 persons per
household, while the State of Mexico had 1.8 million households, with an average sze of

4.7 personshousehold. By 2020, average household size is expected to decrease to 3.3 for
the DF and 3.7 for the State of Mexico (SEDESOL, undated; pp. 66-70).

Table2.1: Urban and Regional Population - 1995 and Projectionsto 2020

DF
Urbanized
EM

MCMA
"Corona"
"Megapolis"
Country

1995

2020 - “Current Trend”

2020 - " Programmed" Growth

Pop. % of % of Pop. % of % of Pop. % of % of
(mns) "Megapolis® Country | (mns) "Megapolis® Country | (mns) "Megapolis® Country
85 36.5% 9.3% 9 25.1% 6.9% 9.7 28.7% 74%
86 36.9% 9.4% 172 48.0% 13.2% 121 35.8% 9.3%
171 73.4% 187% | 262 73.2% 20.1% 218 64.5% 16.7%
6.2 26.6% 6.8% 9.6 26.8% 7.4% 12 35.5% 9.2%
233 254% | 358 27.4% 338 25.9%

916 1305 1305

Source: CdM, 1996; 22-24, 35




Under current trends, the population of the MCMA will increase by 2% per year between
1995 and 2020 — compared to the nation’s expected growth of 1.7% per year. By 2020, the
MCMA population will reach 26 million, /5" of the country. Including the “corona’ of

cities, the entire Megapolis will contain 27% of the nation’ s population, some 36 million
people. On the current trgjectory, the urbanized/urbanizing municipdities of the State of
Mexico will undergo the highest rates of growth (gpproximately 4% per year). In so doing,
the EM will greetly increase its share of the regiond population from roughly equa to that

of the DF in 1995 to nearly double by 2020 (see Table 2.1).

The government has devel oped adternative growth projections for the region, based on
genera objectives of fostering regiond development, taking advantage of existing urban
infrastructure, reducing current growth tendencies in the State of Mexico, and protecting
ecologicdly senstive areas from further settlement. Under this scenario — the so-called
“programmed growth” plan — the government would be able to dter somewhat the current
patterns of growth. The overdl sze of the “Megapoalis’ would have 2 million less
resdents than currently projected, sgnifying an attempt to direct future population growth
towards other regions of the country. Furthermore, within the “Megapolis’ the digtribution
of population would change sgnificantly. Growth rates within the State of Mexico would
be more than halved (from 4% per year to 1.6%) and the state would account for 36% of
Megapolis population (55% of the MCMA). The “corond’ cities would be an increasing
focus of population growth, comprising 36% of the regiona population and the DF would
account for adightly larger share of regiond population than under the current trends
scenario (see Table 2.1). These results reflect the gods of decentralizing nationd
population growth away from the Mexico City Region, while within the region focusing
growth on the “corond’ cities, containing growth in the State of Mexico and increasing
growth ratesin the DF.

In terms of future land requirements, the city will spread across 2,520 knt under the
"current trends’ scenario; under the “programmed growth” scenario the Sze of the city
would be 1,920 kn(SEDESOL, undated; p. 75). Transportation infrastructure and service
provison will have an important impact on whether these growth gods can be achieved.

Employment/Economy

The MCMA has dways been wedlthier than the nation as awhole, dthough in more recent
decades the disparities have lessened somewhat. 1n 1998, the GDP per capitain the
MCMA was 1.75 times greater than the country’s (Delgado et d, 1999, Cuadro 1). Ashas
been the case with the Mexican economy in generd, services and other “tertiary” activities
have become an increasingly important share of the MCMA economy in recent decades.
And, while manufacturing continues to play an important role in the region, this activity

has increasingly decentraized out of the DF and towards the more distant municipdities of
the State of Mexico. The DF, on the other hand, has become a focus of commercia and
sarvice activity (58% of the region). From 1980 to 1990, employment in the industria
sector in the DF decreased from 42% to 28%, while the percentage of the workforce
employed in tertiary activities grew from 52% to 71% (CdM, 1996; 25). Despite these
trends, the government gtill hopes to maintain a hedlthy indudtria base in the DF, focusing
on “cdlean indudries”

Land Uses

Economic influences have had an important role in the formation of the urban space and
land uses, particularly the relationship of the DF with the State of Mexico and the rest of
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the “Megapalis” Five mgor highway arteries intended to link the City with the rest of the
country became corridors of development (focusing an important share of shopping
centers, etc.) and have a so contributed to the DF s increasing importance as a center of
finance and technology (CdM, 1996; 19). The result has been a polycentric urban form,
yet with gill heavy dependence on centrd city functions (CdM, 1996; 19) or what others
have characterized as a“ hierarchically structured multi-centric space” (Graizbord, et al.,
1999).

Within the Greater MCMA, the DF contains 49% of the entire urbanized area, 47% of the
housing, 31% of industry, and 81% of mixed/commercia land uses (CdM, 1996; 18). The
DF is expected to continue serving as amgor point of concentration of commercia and
sarvice land uses, while the State of Mexico is expected to absorb an increasing migration
of industry and housing. Within the DF, four mgor, reaively distinct areas can be
isolated according to the following (generd) characteristics, which are expected to
continue in the future: the center city will continue to serve as the center of services and
commerce; the firgt ring will remain as ahigh quality, well serviced and diversified region;
the second ring will be atrangtion zone, with an important rurd face; and the third ring

will continue as an essentidly rurd zone, providing important ecologica services (CdM,
1996; p. 31). The ongoing concentration of commercid usesin the center city was
accelerated by commercid office space development brought on by NAFTA — between
1992 and 1995 some 800,000 n was added to the stock of office space, 75% of which
remained unoccupied in 1996 (CdM; 1996; 16).

In the DF, an estimated 4% of the urban areais consdered vacant or barren - available for
urban development. 20% of this land islocated in the center city itsdlf, with the rest
concentrated primarily in the poorer, east and southeast (CdM, 1996; 16). While the
overal developable land is concentrated in the south and southeast, the number of lotsis
equally distributed between the city center and thisregion. On average, land vauesin the
center city are three times higher than those on the DF s periphery (CdM, 1996; 16).
Overdl, while there has been something of arguvenation of the center city, authorities il
suggest that the urban space, infrastructure and services of the area are underutilized
(CdM, 1996; 22).

I nterventions

Efforts to control urban growth paiterns have met with little success over time. For
example, the effectiveness of a 1954 ban on further subdivisonsin the DF was effectively
neutrdized by the fact that settlements dready actualy existed in the areasthat it was
intended to affect. Furthermore, it stimulated the supply of land in the State of Mexico,
where the ban did not apply (Ward, 1998; p. 57). More recent efforts include a project
amed at preserving over 50% of the land surface of the DF as an ecologicd reserve
(“Proyecto de Decreto del Convenio de Gestion de la Reserva Ecol6gica del entorno del
Digtrito Federd” (CdM, 1996, 15)). To date, however, only 5% of the land area has
effectively been set aside in large part because of illegal development in these aress, often
by poor immigrants. This pattern is unfortunately common: an estimated 29% of the city’s
total urbanized area currently hasillega tenure status (Pezzoli in Krebs, 1999; Appendix
1).



1. TRANSPORTATION DEMAND

THEORY/OVERVIEW

These urban growth patterns underlie the demand for transportation in the city. Before
discussing that demand, however, there are some important methodologica issues that
should be highlighted. The principal foundation for passenger transportation demand
andysisisthe origin-dedtination survey, a detailed travel study which istypicaly
comprised of a survey of households representing sample demographic segments of a city.
The survey is often done viatelephone, by homeinterview, by mail, or by a combination
of these techniques. The sample size varies grestly, from afew hundred households to
many thousands, athough asa“rule of thumb” the sample size for a city of more than 1
million resdents should be 1% to 4% of households. In the United States, sample size for
(rlatively) recent surveys has ranged from 0.25% to 1.3% of the urban population (Purvis,
1989). In Santiago, Chile, a survey conducted in the early 1990s covered 33,000
households — roughly 3.3% of the city’shomes— a a cost of US$1.3 million (Mabran,
1994). Carrying out such surveysis no small task, typicaly consuming at least two years,
including complementary activities such as more detailed home travel diaries, traffic
counts, data analyss, and report preparation. Once completed, comprehensive O-D
surveys can often be updated in cheaper and Smpler ways— through, for example, traffic
counts, motorization rates and smaler surveys.

The basic unit for travel demand andyssistypicaly the traffic andyss zone (TAZ),

which disaggregates the urban area based on criteria such as socioeconomic characteristics
and physica or historical boundaries. The sze of the TAZ isimportant and requires the
baancing of two key factors: 1) manageability of data and network representation — the
smdler the TAZ, the more work required in terms of conducting surveys and ultimately
developing and running atravel model; 2) accuracy of dataand network representation —
the larger the TAZ, the less complete the profile of trip characterigtics (particularly short
trips) and network behavior. Thereisno hard rule for TAZ sze and number. Asarecent
example, the 1991 O-D survey in Santiago was based on atotd of 535 TAZs (521 interna
to the city and 14 “externd”), for an urban area of approximately 420 knt (SECTRA,
1991; p. 8) — approximately 1.2 TAZs per knt.

PASSENGER TRIPS IN THE MCMA

In the case of Mexico City, origin-destination (O-D) surveys have apparently been donein
1977/78, 1983, and 1994 with an intermediate (public trangport) survey donein’ 87
(Molinero, 1999b). Thel994 O-D survey was gpparently conducted by the Nationa
Statigtics Ingtitute (INEGI), in cooperation with the DF. According to Graizbord et &
(1999), the 1994 O-D survey was based on 135 distritos (digtricts). Taking the distrito as
the equivalent of a TAZ, there were approximately 0.08 TAZs per kn?. To date, we have
not had access to the source O-D documentation to confirm this and other information such
as survey technique(s), sample Size, trip definition, “trip-maker,” etc.

Based on the available documentation (COMETRAVI, v6, 1999), in 1994 gpproximately
29.1 million vehicle trip segments (tramos de vigie) were made in the MCMA. Thesetrip
segments gpparently represent aleg of any trip, aming to capture multi-modal travel.
Approximately 24 million trip segments (82%) were via public trangport (including taxis)
and 5 million (18%) were by private transport (including bicycle and motorcycle). If we
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accuraey interpret tramo de vige to be a segment of afull trip, then approximately 8.5
million public trangport trips were pieces of afull (multi-moddl) trip, while nearly dl

private trangport trips did not involve a transfer to another mode.  According to this
interpretation, 75% of dl vehicle trips were by some form of public transport or combined
public trangport, while 25% of dl vehicle trips were be private transport (primarily auto).
Thetota number of full vehicletripsis approximately 20.6 million.

Whiletotd trips do include bicyde trips, waking trips - which often make up an important
share of totd trips in ametropolitan area— are not included in the data available. In other
large Latin American cities, wak mode share ranges from a reported 10% in Buenos Aires
to 20% in Santiago to over 30% in S8o Paulo (Rivasplataet a, 1993; SECTRA, 1991, p.
26; World Bank, 1994) 2 If we conservatively estimate that 15% of total tripsin Mexico
City are waking trips then at least another 3.6 million trips per day occur in the city,
increasing the tota number of tripsin the city to 24.2 million.

Based on these estimates, the tota number of vehicle trips per person per day is1.2 (5.4
per household); if our rough walk trip estimate is correct than this number increasesto 1.4
(6.4 per household). This number seems quite low and suggests undercounting of trips
and/or misinterpretation of the data by the authors. For comparison, in Santiago de Chile
in 1991, there were approximately 2.12 totd trips per person (8 per household) and 1.7
vehicle trips per person (6.4 per household) (SECTRA, 1991, p. 48). Other sources for
tripsin the MCMA suggest higher demand levels— the 1996 Land Use Plan for the DF, for
example, reports that travel demand in the MCMA increased from 19 million trips per day
in 1983 to 30.7 million in 1994) person trips per day — an increase from 1.35 trips per
person to 2 (CdM, p. 20). Unfortunately, no additiona details on these estimates were
provided.

It isimportant to point out data inconsstenciesin these numbers. As can be seen in Figure
3.1 (the data for which does not coincide with that presented in the previous paragraphs),
totd trip-making in the Federal District has gpparently been highly variable over the past
decade, with alarge increase occurring after 1989, mostly in the form of additiona
“colectivo” trips. Theincrease from some 20 million trips per day to dmaost 30 millionin
one year suggests that: 1) the liberdization of the colectivo market released alarge pent-up
demand for trips and/or 2) the dataiisinconsstent. The subsequent (gpparent) declinein
trip-making from 1995 to 1996 came primarily from areduction in taxi and buses (Ruta-
100), dong with adight decline in auto trips — these might be explained by the economic
crigs (not to mention the demise of R-100). We are not able to confirm what factors might
be ultimately playing arole in the trends outlined in Figure 3.1; nor are we able to confirm
why the trip numbers presented in Figure 3.1 differ so dragticdly (for the entire MCMA)
from those reported in the previous paragraph.*

3 In the case of Santiago, trips of less than 3 city blocks (approximately 400 meters) were not counted in the
survey, thus underestimating total walk trips.
4 The numbers shown in Figure 3.1 are derived from the same sources as those presented in previous
paragraphs and shown in Tables 3.1 & 3.2 (COMETRAVI, 1999 and SETRAVI, 1999).
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Figure3.1: Total Average Daily Tripsin the Federal District
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Sources: SETRAVI, 1999, p. 3-22; COMETRAVI, v1, 1999, p. 184.
Mode Share

In terms of overall mode share, usng the COMETRAV I data on trip segmentsin 1994, we
see clearly the phenomena that “low occupancy” modes dominate the landscape.
Colectivos account for over 50% of trip segments and autos and taxis another 20%.
Among the“high occupancy modes’ the metro accounts for roughly 13% of al trips,
followed by urban and suburban buses with 10% (see Figure 3.2).

Figure 3.2: Mode Sharefor Vehicle Trip Segmentsin the MCMA (1994)
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Source: COMETRAVI, V6, 1999; p. 3.
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Aswould be expected, auto useis highly concentrated among the wedthy. Haf of al
automobile trips are produced in just 23% of the MCMA (Graizbord et d, 1999; p. 15).
Auto trip destinations are even more heavily concentrated — 50% of the trips go to just
16% of the MCMA (p. 16).

Spatial/Temporal Distribution

Regarding the spatid distribution of trips, 54% of the MCMA trips are concentrated within
the DF, 26% occur between the DF and the State of Mexico, and 20% occur within the
state of Mexico (COMETRAVI, v6, 1999; p. 2). Interms of trip attractions, the center city
accounts for the single largest share of trips — 23%, roughly haf of these trips are

generated internaly. The next largest areas in terms of trip attraction include a northern
area of the DF and two large portions of the State of Mexico in the west/northwest and
directly north of the city center. These areas account for 11 — 14% of trips attracted. In
each case, the mgority of trips are internd to the generd vicinity, athough for the two
zones in the State of Mexico, thismay bein large part due to the large overdl spatia area
consdered. A smdl centrd area of the DF generates and attracts a significant share (27%),
with the next largest share (17%) generated and attracted by the large northern zone of the
State of Mexico. Inagenera sense, these trip flows represent the polycentric hierarchy of
the region — the DF 4till accounts for asignificant share of trip attraction and generation,
drawing amgor share of trips from throughout the region. Even in the most distant areas
of the MCMA, the mgority of trips are destined for a central area of the DF (excluding
each zone sinternd trips) (COMETRAVI, v6, 1999; pp. 5-12). Furthermore, when
consdering only automobile trips, over 60% of these trips occur within aradius of 10 kms
from the city center (Graizbord et al., 1999; p. 43).

When examined according to mode, the mgjority of public transport trips descend on the
city center, while automobile trips are much more dispersed in their destinations. For auto
trips, the focus of the Graizbord et d (1999) study, less than half of trips are work trips,
27% are shopping trips, and 25% socid trips (p. 15).

Due to itsimportance in the national economy, the MCMA is afocus of inter-city travel,
ether beginning or ending in the city or passing through it. Many of these trips use locd
roads for part of their journey as well as highways which carry an important share of intra-
urban travel. In 1995, there were some 300,000 vehicles per day on thefive principd
accesses to the city (COMETRAVI, v1, 1999; p. 147).

In genera and across the network, the morning peak from 7:15 am to 9:30 am isthe time

of highest travel demand, with heavy concentration between the EM and DF occurring on
the early side of the peak. In the afternoon/evening, demand is more distributed across a
longer time period producing aless acute — but more prolonged — peak (COMETRAVI, v1,
1999; pp. 150 — 151).

Future Growth

Future growth in travel demand depends heavily on economic conditions, which influence
overd| trip-making behavior (i.e, trip rates) and modal choice. According to officia
projections, overal trip ssgments in the MCMA will increase from 29 million in 1994 to
nearly 37 million by 2020. Virtudly &l growth is projected to occur in the State of
Mexico which will increase from 9.6 million to 16.4 million; in the case of the DF, the
increase will be very moderate, from 19.5 million to 20.5 million. Table 3 below shows
these projections. Without access to the assumptions behind these projections, it is
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difficult to comment on them; nonethdess, a quick glance suggests thet they arelikely to

be significant underestimates. The two most noteworthy aspects of these projections,
which adso make them the most suspect, are:

* Anactud dedinein trip-making activity per cgpita
* No changein the moda share between public and private transport.

Table 3.1: Daily Motor Vehicle Trip Segmentsin the MCMA

1994 2020
Total Trip Mode | Trip Segments| Total Trip Mode | Trip Segments
Segments Share per Capita Segments Share per Capita
MCMA | 29,124,242 1.70 36,962,364 1.41
Public| 24,011,507 82.4% 30,593,906 82.8%
Privatg 5,112,735 17.6% 6,368,458 17.2%
DF 19,489,476 2.29 20,511,482 2.28
Public| 15,888,959 81.5% 16,722,158 81.5%
Privatg 3,600,517 18.5% 3,789,324 18.5%
EM 9,578,528 1.11 16,391,696 0.95
Public| 8,079,543 84.4% 13,826,489 84.4%
Privatg 1,498,985 15.6% 2,565,207 15.6%

Sources. COMETRAVI, v6, p. 26; per capita estimates based on “trend” population projections from CdM

(seeTable2.1)

Table 3.2: Daily Total Motor VehicleTripsin the MCMA: By Geographic Area

1994 2020
Geographic Area Trips % Per Trips % Per
(thousands) Capita | (thousands) Capita
Federal District 13,672 66% | 1.61 17,425 61% 1.94
Interior to the DF 11,598 56% 14,647 52%
*  Within Delegaciones 4,977 24% 6,398 23%
* Between Delegaciones 6,621 32% 8,249 29%
Metropolitan Trips 2,074 10% 2,778 10%
Urbanized EM 6,900 34% | 0.80 10,912 39% 0.63
Interior to EM 4,744 23% 8,100 29%
e Within Municipios 3,168 15% 5,340 19%
* Between Municipios 1,576 8% 2,760 10%
Metropolitan Trips 2,156 10% 2,812 10%
Total MCMA Trips 20,572 |100% |1.20 28,337  |100% 1.08

Source: SETRAVI, 1999; p. 2-9.

When the entire trip (not trip segment) is taken into account and trip activity is viewed
regiondly, we get a better idea of overal motorized trip-making activity (see Table 3.2).
Important features to keep in mind from this data is the large apparent disparity in motor
vehide trip-making between residents from the DF and those from the EM — in per capita
terms, DF residents made twice as many motorized trips than their EM counterpartsin

1994; by 2020, the projections suggest that resdents of the DF will make 3 times as many
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motorized trips than their EM counterparts. While the per capita numbers for the DF seem
ressonable (especidly consdering these are only motorized trips) it is hard to believe that
the EM numbers (for 1994 and 2020) are accurate — it would suggest an extremdy low and
dedining level of mobility for resdents of the EM — hard to fathom, especidly if the EM
becomes more suburbanized with wedlthier resdents in the future.

While from an environmenta and transportation efficiency pergpective this continued
dominance of public trangportation and low leve of trip-making activity are welcome, it
seems unlikely that such projections will be redlized without strong and successful
intervention on behaf of the government (which would make them goas not projections).
Even moderate sustained economic growth over this period would have important effects
on trip-making behavior, both in terms of trip-rates and mode share. For example, using
data from Santiago de Chile for 1977 and 1991 trip-making (trips per capita) increased
with an income (GDP/capita) dadticity of 1.87; the totad number of public trangportation
trips showed a negetive eadticity with respect to income, -0.46; and the total number of
private trangportation trips showed a positive eagticity with respect to income, 1.69
(derived from datain SECTRA, 1991, pp. 46-48). Although there are some indications
that trip-making in some large developing country cities (i.e., S Paulo) has remained
sagnant over time — perhaps due to issues such as crime (Menckhoff, 2000) — it is difficult
to believe that the Mexico City data currently available is accurate.

From amodal share perspective, the most worrying trend is the massive shift towards low
capacity modes (i.e., taxis, colectivos and minibuses) at the expense of Metro ridership and
bus use (see Figure 3.3). Thisis one of the principa policy chalenges facing the city’s
transportation system.

Figure 3.3: Evolution in Mode Share
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Source: COMETRAVI, 1999, v1; p. xX.

FREIGHT TRIPS

Asthe locations of residence, employment, and recregtion drive passenger trave, the
placement of commercid and indugtrid facilities with respect to areas of demand drives
freight travel. The prominence of Mexico City in nationa economic activity (over athird
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of GDP) reinforces the importance of freight travel in the metropolitan area. Infrastructure
aso determines freight travel, epecidly fadilities such asrail rights of way and terminds.
Approximately 82% of al rail freight enters the metropolitan area viatwo terminds, which
arelocated in the ddlegation of Azcgpotzalco and the municipdity of Tlanepantla Within
the metropolitan area, expensive land tends to repd business from the downtown while the
traditiona centra business didtrict acts as amagnet for economic activity. In Mexico City,
these forces combine to produce a vast concentration of commercid (63%) and industria
(62%) inddlations within a half dozen delegations and municipdities centered around the
northeastern portion of the DF (COMETRAVI, v3, 1999).

Types of Freight Activity

Cargo trips can be broadly divided into intra- urban and inter-urban categories. In the
latter, asignificant portion can be "through-trips' with the MCMA as neither origin nor
destination. Trucks control of the market increases as trip-length decreases. In many
freight networks, multiple modes and/or vehicles are necessary to complete asingle trip.
For example, ashipment may arrive in the MCMA by train but must be transferred to a
truck for ddivery to an address without rail access.

Laws in the metropolitan region prohibit especidly large trucks (by weight) from making
deliveries during daytime hours. Overdl, about 29% of freight originates in delegations of
the DF, 12% in EM municipalities, and 59% outsde the MCMA.. Figure 3.4 shows mgor
freight activity (trip-generation) centers.

Figure 3.4: Location of Major Freight Trip Generatorsin the MCMA
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V. SUPPLY

ROADWAYS AND ROAD VEHICLES

During the last twenty years, the provision of highway infrastructure has struggled to keep
pace with the massive population expangon. During the early to mid-1970s, the major
accomplishments included the congtruction of the * Circuito Interior” (first ring road) as
well as severa feeder roads towards the west (SETRAVI, 1999; p. 2-35). A mgor
development was the implementation of the g es viales in 1979-80, which created a system
of high capacity boulevards through downtown. In the early nineties the Pereferico, the
DF's beltway, was completed among other modernization projects, many of which focused
on introducing grade separations to improve flow on key routes. More recently, major
condruction activity hasincluded anew toll highway in the west/northwest (La Venta:
Lecheria), highway expanson in the north (Cuautitlan-Tlalnepantla), and expansons and
new congruction in the east. Asof 1995, the entire northern half of the Third Ring was
completed (asatall highway), with the southern half under congtruction (SETRAVI, 1999;
p. 6-24). In generd terms, future highway congruction is most restricted in the north and
northwest, due to topography. In the north, this most affects trangportation among the
relevant municipios of the EM, while in the northwest the effects are most profound on
trangport between the EM and the DF (COMETRAVI, v1, 1999; p. 148). Overdll,
roadway connections between the EM and the DF continue to suffer due to mgjor
variations in road design capacities and continuity. There are five principa highway
acceses to the city; four of these have toll/non-toll dternatives.

Table4.1: Summary of Transport Infrastructurein the MVMA

Type DF EM

Primary Roads 198.4 kms 352 kms highways
(67% controlled access)
“Ejes’ Vides 310 kms 47 kms (Vias Répidas Urbanas)
Principd Roads 552.5 kms 616 kms
Secondary Roads 8,000 kms (8150) 250
Metro 178 kms -
Trolleybus 377 kms -
Light Ral 26 kms (13 in each direction) -
Parking spaces 126,257 spaces (10,000 lots)
Treffic Sgnds 1,973 dectronic 298
870 computerized
58 mechanical
Bus shdlters 2,347 290
Contraflow lanes 13 lanes
186 kms

Parking Meters 1,535

Source: COMETRAVI, v6, 1999; pp. 15-16. Molinero, 1991; 131.

AsTable 4.1 indicates, there are significant disparities between the DF and EM. Wheress
roadways cover 28% of the DF, the comparable coverageisonly 12% in the relevant
municipios (Molinero, 1991; 131). The inequity of infrastructure supply, particularly with
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respect to the population and trip digtribution, highlights abasic cause of the congestion
problems that subsequently contribute to mobile source emissonsin the EM.

Level of Service

As part of the development of the COMETRAV I reports, a consultant team
conducted fied surveys of 30 mgjor intersections and 14 principa travel corridorsto
estimate levels of service (LOS). Adapting the 1985 Highway Capacity Manual to the
conditions of Mexico City, the team found that 73% of the intersections exhibited level of
sarvice ‘'F during the peak. The average delay at these intersections ranged from 85 to
180 seconds (COMETRAVI, v1, 1999; p. 157). At acorridor level of anayss (based on
travel gpeeds during peak period), the levels of service are, in genera, more acceptable,
only 2 of 14 corridors analyzed had aLOS of D (v1, p. 160). With respect to pavement
quality, these same corridors, in generd, display adequate LOS, with the toll highways
being quite good (COMETRAVI, v1, 1999; p. 163). Observations of pesk period traffic
flows a mgor intersections is drawn from the same field surveys used in the LOS
cdculations. Public trangportation comprises anywhere from 7% to 50% of vehicle flow.
Freight traffic makes up between 2 and 18% of pesak period vehicle flow. In both cases,
the highest concentrations of vehicles occur at intersections in the EM and &t intersections
near the peripheral and mgor access highways — consstent with the EM’ sincreasing
industrid dominance in the region (COMETRAVI, v1, 1999; p. 153).

Traffic Signalization

Synchronization of traffic lights was first implemented in the mid-1970s on the inner ring
road (‘ Circuito Interior’). While additiona synchronization schemes have been
implemented, chalenges to further implementation include: differences in road widths,;
inadequate space to provide for |eft turns, occasiondly long distances between
intersections; lack of underpasses at critical intersections; and the irregularity of public
transportation stops (COMETRAVI, v1, 1999; pp. 165-167). According to estimates by
the COMETRAVI (1999) consulting team, improvements to the existing computerized
traffic sgndization program could improve delays at maor intersections andyzed by 8.5%
(v1, p. 175).

Parking

Of an estimated (1994) 3.6 million parking spacesin the MCMA,, 39% are on-street, 5%
arein publicly owned lots and buildings and 56% are in privately owned lots and

buildings. Of the latter, the mgority are at resdences. While there does not seem to be an
overdl shortage of parking supply in the city, there are discrete points of deficit,
particularly in the downtown areas of the DF. In genera these points of excess demand
occur where trip attraction rates are high, aswould be expected. In the DF, the estimated
parking deficit — primarily due to work and commercia trips — equals approximately 56%
of the total amount of paid parking available in the DF (COMETRAVI, v1, 1999; pp. 169
— 172). Except in some of the dense center city areas, parking fees have generdly not been
high enough to serve as adisncentive to driving (v1, p. 171).

Vehicles

A Noteon Data
Similar to the case of trip-making data, there are inconsstencies in the data for vehicle
fleets — these incons stencies are recognized by COMETRAVI (v1, 1999) and are Smilar
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to problems encountered in other parts of Latin America. Chalenges to accurate data

indude:

* aggregation — lack of clarity on vehicle types, particularly categorization of taxis and
different forms of public transportation;

* inter-fleet migration — vehicles registered as one type (taxi) and then operating as
another (colectivo);

* license plate and/or registration swapping — autos becoming taxis, combis becoming
micras, micros becoming buses,

* regigtered vs. operationd vehicles— vehicles mantaining a registration athough not in
operation (sometimes used by concession owners to maintain rights to the concession);

* lack of coordination (or discrepancies) among responsble government entities (i.e.,
INEGI, DF, EM).

With respect to dl highway vehiclesin the MCMA, the key questions relate to how the
fleets are distributed geographically (pecifically between the EM and DF) and how they
are divided among the operating modes. In both respects, time-series datais difficult to
obtain. One set of data, available from INEGI, suggests that totd vehicles have declined
during the second hdf of the nineties (see Figure 4.1) when dl other indicators suggest the
opposite. Consequently, the following statistics must be interpreted appropriately.

Figure4.1: Example of Data Anomalies: Total Motor Vehicle Fleetin MVMA
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The quegtion of actud vehicle fleet 9zeisnot unimportant, especidly in light of

cdculaing accurate emissons inventories. In an atempt to reconcile vehicle fleet

registrations with the 1994 travel demand survey, the consultants for COMETRAVI

provided estimates for vehicle fleetsin the DF and the EM (see Table 4.2). According to

these estimates, there are some 3.5 million vehiclesin the MCMA; the DF concentrates the
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great mgority (75 — 80%) of dl vehicle types, except trucks which are roughly solit
equally between the DF and the EM.

Table 4.2: Estimates of Fleet Sze MVMA (1994)

Vehicle Type DF EM Total
Buses 6,180 2,000 8,180
e Urban 2,800 2,800
e Suburban 2,000 2,000
* Other Private 3,380 3,380
Colectivos 88,500 26,100 114,600
* Microbuses 10,500 10,500
e Combis 88,500 15,600 104,100
Taxis 21,500 5,000 26,500
Private Cars 2,262,000 577,000 2,839,000
Freight Trucks 195,500 184,000 379,500
Motorcycles 29,000 10,000 39,000
Vehidesin Transt 165,000
All Vehicles 2,602,680 804,100 3,571,780

Source: COMETRAVI, v1, 1999; p. 186.

That private vehicles dominate the landscape is evident in traffic counts at principa
intersections (1996). At 28 intersections across the city, automobiles accounted for an
average of 65% of dl vehicles, taxis for 17%, colectivos 10%, heavy vehicles (trucks) 7%,
and buses just 2% (percentages rounded) (COMETRAVI, v7, 1999; p. 33).

Private Cars & Taxis

Most references suggest that the automobile fleet in Mexico City has been growing a a

rate of 6% per year (i.e, COMETRAVI, v8, 1999; p. 13). However, according to datain
Molinero (1999), the automobile fleet has been increasing by an average 10% per year
between 1976 and 1996. Based on that data, the motorization rate (vehicles/capita) has
increased by over 5% per year: from approximately 78 autos per 1000 peoplein 1976 to 91
per 1000 peoplein 1986 and 166 in 1996.

According to traffic counts on 22 mgjor corridors, average automobile occupancy ranges
from 1.21 to 1.76 persons per vehicle, with an overal average of 1.5. The percentage of
vehicles with just one occupant ranged from 48% to 83% on the different corridors
(COMETRAVI, v1, 1999; p. 173).

Taxis

Regarding the number of taxisy COMETRAVI (v1, p. 186) estimates 26,500 taxis
registered in the region, 20,000 of which arein the DF. Approximately 8,000 of these are
fixed gtetaxis—i.e, typicaly operating from ataxi stand. Nonetheless, other estimates
place the total number of taxisin the MCMA at 81,000 - 10,000 of which are fixed site
taxis (Martinez, 1997; 82). Taxisare dmost aways individua operators (or
owner/operators), the only forma organization being ataxi union geared towards
representing taxi interests to the government. Inthe EM, “officidly” recognized taxi
saviceisvirtuadly non-existent, athough an important — if unquantified — number of
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private vehicles offer taxi servicesin the EM (COMETRAVI, v7, 1999; p. 25). Taxisfrom
the EM are not allowed to operate in the DF and vice versa. The uncontrolled growth of
the taxi fleet isamgor policy chalenge. Fixed-Ste taxis are somewhat more structured in
their organization, Since by their nature they must coordinate amongst each other regarding
scheduling and fares a different taxi Stes.

Hoy No Circula

A magor policy initiative affecting the automotive system has been Hoy No Circula (HNC)
ano driving day origindly imposed in 1989 as apart of the short-term "emergency
program” deployed for the winter monthsin Mexico City. Based on the lagt digit of the
license plate, 20% of dl private vehicles were banned on each weekday. The am of the
program was to reduce congestion, pollution and fud consumption by reducing VKT.
Studies of that winter indicated that fuel consumption did decrease while subway ridership
and average speeds on the road increased (Onursal & Gautam, 1997). When the first mgjor
ar pollution control plan (PICCA) was deployed in 1990 with a five-year time horizon,
Hoy No Circula was a mgor component.

Thiswdl-known measure has had debateable impacts. In an empiricd analys's, Eskeland
& Feyzioglu (1997b) estimate that snce HNC went into effect, the MCMA hasturned
from net exporter of used vehicles (avg. of 74,000/year) to net importer (85,000/year).
They ds0 point out that the implementation of “hoy no circula’ coincides with adeclinein
Metro ridership; in 1989, average daily ridership pesked at over 4.2 million; 18% higher
than ridership as of June 1999 (INEGI, 1999) (see Figure 4.2). Regarding economic
effects, besdesthe welfare loss, Eskdland & Feyzioglu comment on the inefficient
resource use: “the fact that it artificialy ties up and idles capitd in the wrong places
impliesthat it is costly to the nation” (p. 396). A study in 1995 reported that 22% of
drivers obtained a second vehicle in response to the extension of the driving ban (Onursal
& Gautum, 1997; p. 156). In fact, the problem was worse in the fact that the circulation
ban only affected the drivers not weathy enough to afford a second vehicle. A mgor
unintended consequence of the policy was thet the availability of a second vehicleis
thought to have induced additiona travel. Specifically, for families with two cars, each
banned on different days, there are three weekdays (in addition to the weekend) in which
both vehicles are available for use.

During the nineties, a number of changes have taken place with the circulation ban and
closdy related policies. A mgor improvement was theincluson of taxisin the daly ban,
which have the highest emissions per passenger mile of any mode because of the driving in
search of passengers. A second significant change in Hoy No Circulawas the shift in
principa objective from circulation ban to fleet turnover incentive. Specificaly, older cars
are now subject to the ban for 1-2 weekdays as well as some weekends while vehicleswith
catalytic converters and tighter emission standards (93 and later) are exempt completely.
Cars made between 1988, when emission standards were first introduced and 1993 are
banned one day per week. Concurrently, 1999 mode's, which meet the EPA's Tier |
standards are exempt from Inspection/Maintenance until 2001 (Sanchez, 1999).

Ongoing criticisms of HNC include the ban’ s regressive nature; its generation of

unintended consequences (purchase of second cars); and, importantly, the drain on politica
and adminidrative resources that the ban implies.
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Road-Based Public Transport

Buses

The bus system in the MCMA has undergone severd significant changes since the late
1970s. The higtoricdly privately owned and operated bus companies reached the brink of
collgpse by that point and in 1981, the government of the DF took over al 19 companies
operating under itsjurisdiction. With the creation of the state-owned Ruta- 100 bus
company, the am was to provide a clean and efficient service, operating at fixed stops,

with good maintenance practices, an integrated fare policy, and well-defined routes and
hierarchies (see Molinero, 1999). Despite some positive performance, R-100 fdl victim to
the dud pressures of labor union demands and the further opening of the public transport
market to colectivogminibuses. Facing high costs, poor maintenance, and faling

revenues, R-100 was declared bankrupt in 1995 (by the time of its bankrupcy, R-100 buses
required a higher relative subsidy (80% of operating costs) than that required by the light

ral or the Metro (COMETRAVI, v1, 1999; p. 205). The busfleet has shown a precipitous
decline over the past 20 years (see Table 4.3), from some 15,000 (split amost equally
among DF and EM) in 1976 to alittle over 2,500 in 1996 (split equally among DF and

EM) (Malinero, 1999). The numbers are not precise however (see COMETRAVI, v1, p.
186).

Table4.3: Bus Transport in the DF R-100 and After

Routes Employees Average Daily KmsTraveled
Passengers (Thousands)
(Thousands)
1986 221 22,729 5,654 883
1987 224 23,492 5,868 891
1988 230 23,818 5,502 879
1989 234 23,323 5,699 911
1990 246 22,181 5,780 918
1991 246 18,716 3,072 734
1992 252 16,386 2,669 615
1993 216 14,845 2,585 565
1994 209 6,098 2,544 642
1995 191 9,577 2,555 485
1996 178 8,611 1,870 385
1997 123 4,477 751 181
1998 119 2,677 414 113
1999 114 2,633 385 120

Source: INEGI, 1999

Since the demise of R-100, the government has undertaken various efforts to concesson
out new bus services to the private sector. Despite the success of privately owned bus
systemsin other Latin American cities (i.e., Santiago de Chile), Mexico City has grappled
relatively unsuccessfully to date with reviving a vibrant private sector participation. In the
firgt phase of new attempts at concessions, severa field studies were conducted (with
money invested by the interested companies), but the winner ultimately dropped out
because the authorities could not guarantee enforcement of market rights. A second RFP

21



produced 7 concessionary winners, but none could present the requisite fleets — the
concessions were revoked and alega battle ensued (Molinero, 1999b). Further RFPs were
issued, with little success. By 1997, three bus companies operated atota of nearly 80
vehicles on 56 routes (COMETRAVI, v7, 1999; p. 97). Recently, the government
attempted to bid 17 routes; 30- omething companies presented, 2 companies won and they
were scheduled to enter into service in December (but smal routes — 20-30 vehicles)
(Molinero, 1999b).

The challenges to successful concessioning of bus services come from the ongoing
competition from the Colectivo oligopoly and the government’ s inability to guarantee a
trangparent market for potentia bus company investors/operators. Aslong as Colectivos
are able to compete directly within the market for bus passengers, a return to significant
bus system operations will be difficuilt.

Outside of the DF (in the EM), the so-called suburban buses are operated exclusvely by
the private sector, organized in private corporations or cooperatives. In generd, these
services are prohibited from entering the DF (as DF services are dso prohibited from
crossing into the EM), athough recent initiatives under the auspices of COMETRAVI
have amed at developing and approving operation of “Metropolitan Routes,” dlowing
companiesto offer cross-jurisdictiond bus services. The suburban buses also provide
important feeder services to Metro termind gations.

Trolleybuses

Trolleybuses differ from standard buses in severa key respects. With respect to mohility,
trolleybuses are a a relative disadvantage because they rely on the provision of overhead
wires. While this makes service expanson less flexible than normd buses, the investment
is much easer and chegper than rail congruction. From the air quaity perspective,
trolleybuses have the mgor advantage of having zero loca emissons because the energy is
generated remotely (which may have different impacts). Sgnificantly quieter operation is
another characterigtic of the eectric form of locomation. In Mexico City, most serviceis
on the busest avenues where certainty of demand (not accounting for competition) is
greatest.

Table4.4: Trolleybus System Principal Characteristics

Linesin Lengthin Unitsin KmsTraveled Passengers

Service Service (Km) Operation (Thousands) (Thousands)
1992 n.d. 423 281 16,714 112,000
1993 n.d. 354 254 15,364 99,000
1994 n.d. 360 284 19,500 108,000
1995 13 353 274 21,017 142,589
1996 15 379 294 21,814 143,932
1997 17 406 305 22,369 79,347
1998 17 410 289 20,252 62,528
1999 18 423 263 9,891 34,868

Sources: pre-1995 from COMETRAVI, v1, p. 181; INEGI, 1999. Note: 1999 data through June.

The apparent decline of trolleybus patronage during the 1990s (see Table 4.4) is somewhat
disconcerting. The sarviceis operated by the same authority that operates the light rail line
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(see below) — the Electric Transport Service (STE) — ardatively autonomous authority
dependent on the DF. We have been unable to obtain recent financia details on the
operation of the STE and those that we have seen do not disaggregate trolleybus operations
from the light rail. Based on datafrom 1992 to 1994 STE only recovers from 8% to 10%
of its operating cogts (administration, salaries, and operating costs) from farebox revenues
(COMETRAVI, v1, p. 181). Similar to the case of bus ridership, the trendsin dedlining
trolleybus patronage most likely aso stem from the heightened competition in recent years
from the Colectivos.

Colectivos

A convergence of liberdization policy, employment policy, poor management of and cos-
recovery in dternatives (i.e., Ruta- 100) and the decaying indtitutiond capacity in the DF
led to an explosion of the ‘informa sector’ public trangportation system — represented by
colectivos (often referred to as “fixed route collective taxis’). Originaly, colectivos were
shared sedan taxis (operating on fixed routes); over time the fleet evolved into vans (i.e.,
12-seaters) and now minibuses (up to 25 seaters). By 1996, in the DF, 84% of colectivos
were minibuses (average age of Six years) (COMETRAVI, v7, 1999; p. 35).

In the mid- and late-eighties, expansion of the colectivo network provided amassive
employment source and a vast expansion of the network of transportation services. Ina
rapidly growing metropalis, colectivos, many of which carried a half dozen passengers or
less, provided nearly ubiquitous and rapidly responding service. In some cases, bus
networks could not respond quickly enough and in other cases it was unmanagesble to
send buses into unpaved, unplanned roads in aress of irregular development. Colectivos
provided access for entire segments of society.

In such areas that bus service was difficult to supply, the availability of colectivos had
sgnificant benefits for mobility. In the areas where colectivos were in direct competition
with buses, however, there were dso costs imposed on the bus industry in the form of
declining ridership and revenue (as discussed).

As opposed to private sector buses which in the DF operate under concessions which
stipulate fixed stops, frequencies and other service characterigtics, colectivos (and
suburban buses in the EM) operate essentidly with “permissons’ which apparently have
much less gtrict operating specifications (not to mention oversight). Despite plans and
godsto reduce the role of colectivosin public trangport service provisonin the MCMA
(especidly the DF), little redl progress has been made — with colectivos playing an
increasingly important role.

Thetypical operating structure of colectivo service is the person-vehicle, theindividua
owner makes micro level decisions regarding vehicle maintenance, drivers, etc. However,
larger route operations decisions are made by route associations — not forma business
dructures, but ill hierarchicdly structured entities. Some of the more forma route
associations undertake functions such as. operationd control, vehicle
dispatching/scheduling, and market research into new potentid areas of demand
(COMETRAVI, v7; p. 23). Vehicle owners are not necessarily concesson owners,
concessions are often owned by another layer in the route association hierarchy (see, for
example, COMETRAVI, v7, 1999; p. 24).
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In the DF, there are 103 registered routes, operated by some 27,000 vehicles. In the EM,
there are 94 registered colectivo companies and 172 route associations (COMETRAVI, v7,
pp. 19-20). Theroutes are further disaggregated into branches. Intotd, there are an
estimated 22,000 kms of total colectivo route coverage in the MCMA, nearly equaly split
between the EM and the DF. In 1991, approximately 60% of colectivo services passed a
Metro station, suggesting that the colectivos provide an important feeder service
(COMETRAVI, V7; pp. 34— 35). A 1994 analysis of a sample of colectivo routes
estimated that — on average — vehicles carried 700 passengers per day and the typica
vehicle travels about 150 kms per day, covering over 10 route circuits per day
(COMETRAVI, v7, 1999; p. 37). For an important share of the colectivo routes, the
demand characterigtics seem more gppropriate for full-sze bus operations.

Regarding travel distances on Colectivo, a 1994 study indicates that 63% of colectivo trips
arelessthan 5 km. The average trip distance by colectivo was 8.4 km (COMETRAVI, v7,
1999; p. 41).

In terms of operations, the Structure of the colectivo system hasimportant implications.
Due to the atomized, individud ownership, there is Sgnificant competition within the
market (typica to many liberdized and poorly regulated public transport services), which
produces dangerous driving habits and high accident rates. There is aso often poor
coordination of vehicle scheduling and frequencies. Furthermore, the lack of formd,
technicaly capable, larger-scale busnesses makes it much more difficult for ownersto
take advantage of scale economiesin operations (i.e., maintenance, repairs, replacements,
financing) — the subsequent inefficiencies are ultimately passed on to system usersin the
form of higher fares (COMETRAVI, v7, 1999; p. 27). Chronic service problemsinclude:
failure to obey operating rules, excess supply during off-peak hours, high waiting times (to
ensure vehiclesfilled to capacity) at terminals, and competition among operators
(COMETRAVI, v7, p. 40). Typicdly, vehicle operators do not operate under contract,
work six-day weeks and 10-hour shifts, without benefits or accident insurance (v7; p. 23).

There has been a history of conflict between colectivo owners/route associations and the
government, athough these have reportedly waned in recent years. Various negotiations
and agreements among colectivo associations (in both the DF and EM) and the respective
governments have touched on arange of issues, such as respecting routes, maintaining
insurance policies, providing reduced fares for sudentsederly, etc.; nonetheless,
according to COMETRAVI (v7; pp. 28 — 30), the main unwavering pogtion of the
colectivo operators has been one of pushing for ongoing fare increases.

In terms of fares (fares relative to other modes are discussed below), colectivos in both the
DF and the EM operate with a distance-based fare structure, athough the structure (and
farelevds) differ. Inthe EM (as of 1996), the fare wasflat for the first 5 km and then
increased linearly with each additional km. For the DF, block-based fare increments (as of
1996) are used, with fares staggering higher in the ranges 0-5 kms, 5 —-12 kms, and over 12
kms. Between 1994 and 1996, colectivo faresin the DF doubled (not clear if in real or
nomind figures) (COMETRAVI, v7, p. 41). The fare sructure combined with the
colectivos apparent effectiveness relative to other modes has made the business relatively
atractive: a 1994 analyss of 72 colectivo lines caculated an average internd rate of return
for colectivo operations of 55% (COMETRAVI, v7, p. 44). Whether such high rates of
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return have been sustained with continued growth in the fleet size (supply) and whether
they are representative of the overdl system is unclear.

Freight Trucks

The truck indudtry is divided in two ways: inter-urban versus intra-urban and public versus
private. AsTable 4.5 indicates, privately owned trucks are the largest segment with
respect to the number of vehicles operating in the region. Becauise mogt private trucks are
owner-operator (very few corporate fleets exist; DHL and Similar operations are
exceptions), there are few facilities for vehicles to be parked and stored. Other implications
of this diffused system of ownership isthat economies of scale for maintenance and
warehousing are not realized by prospective managers. The lack of parking facilities means
that, smilar to the colectivo Stuation, the vehicles are often parked on-street contributing

to congegtion.

Globally, trends toward "just-in-time" delivery, which adlows firms to operate with reduced
aurplus inventory, favor more frequent and therefore smaler shipments. Thisleadsto
grester utilization of so-called "Less Than Truckload" (LTL) vehicles. Indeed, 81% of the
MCMA truck fleet has only two axles and most of those run on gasoline — vehidestypica
toLTL.

The ample presence of freight vehicles exacerbates the congestion problem that is dready
difficult with passenger vehicles. Trucks, epecidly tractor-trailers and other large units,
complicate traffic patterns, disrupt flow on side streets during ddliveries and often do not
redlize opportunities to streamline operations through improved management, which would
require substantia organization change. Certain specific culprits that have been identified
as targets by trangportation officias include trucks travelling without cargoes, trucks
passing through the region and portions of the fleet that are gross emitters of air pollutants.

Table4.5: Truck Fleet Size, Age, Utilization

Average Fleet
Age
Freight Market Fleet | Shareof | Shareof | >15 | <15
Segment Sze Fleet Cargo | years | years
Interurban - Public &

Private 68,636| 16% 69% 43% | 57%
Locd — Private 344,708 79% 29% 22% | 78%
Loca — Public 22,444 5% 2% 78% | 22%
TOTAL 435,788| 100% 100% 28% | 72%

Source: COMETRAVI, v3
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RAIL TRANSIT

Metro

Sincethe origind congruction of three lines in the late sixties, the metro network has
grown to nearly 200 kilometers. In the late seventies, Presdent Portillo pushed for a
prolonged expansion of the network, at 15 kilometers per year, so that the system would

consst of over 400 kilometers by the year 2010. Although opposition from public

trangport operators in the 1970s and financid crisesin the mid-eghties and mid-nineties
hampered planned developments, there are now a dozen lines, covering an urban area of
approximately 300 kn? (SEDESOL, p. 101). A key characteristic of the system is the fact
that the origind threelines (just 1/3 of the network length) carry amgority (65%) of dl
ridership. These lines have by far the highest peak (and off-peek) ridership levdsand in

genera the mogt frequent peak and off peak services (see Table 4.6).

Table4.6: Metro'sPrincipal Characteristicsby Line

Line Length | Units | Frequency | Daily % of | Pass’Hour | Passengers

(km) (peak and Passengers | Total | (peak and per km
off-peak) off-peak)

1. Observatorio 18.83 12 155 831,920 226 122,750 46,840

— Pantitlan 210 88,277

2. Cuatro 2343 40 210 953,461 244 114,721 40,692

Caminos— 225 104,351

Tasquena

3. Indios Verdes 2361 4 205 786,887 201 144,450 33,330

— Universidad 2'50" 73,778

4. Martin 10.75 9 550 90,142 23 11,595 8,388

Carrera— Santa 550 6,914

Anita

5. Politecnico— 15.68 17 420" 227,035 58 22,560 14,484

Pantitlan 530" 12,365

6. El Rosario- 1395 12 550" 124,604 31 22,187 8,934

Martin Carrera 550" 14,792

7. El Rosario— 18.89 18 415 215,392 53 44,330 11,400

Barrancadel 415" 24,763

Muerto

8. Garibaldi — 20.08 21 315 203,676 51 32,617 10,184

Consitucion de 450" 20,381

1917

9. Pantitlan— 15.30 19 230" 319,862 81 71,628 20,906

Tacubaya 4207 33521

A. Pantitlan- La 17.00 19 250" 220,134 55 20,040 12,949

Paz 340 8,660

TOTAL 178.00 239 3,908,447 | 100.0 208,107

Source: Villegas, undated(b); COMETRAVI, v1.

Over the last decade, despite important system expansion, Metro ridership has remained
stagnant and indeed has actually decreased in recent years. 1n 1986, the system was
comprised of eight lines extending over 115 kms. Incrementa extensions included: four
kms completed in July 1986, 13 kmsin August 1987, six kmsin November 1988, 17 kms
in August 1991 (when aninth line became operationd), and 20 kmsin July 1994 (when a
tenth line became operationd) (see Figure 4.2). Despite these extensions, the concurrent
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addition of train units (trains are composed of nine cars), and 20% increase in energy use
over the same time period, ridership in mid-1999 stood at 5% |lower than 1986 levels (data
from INEGI, 1999). Furthermore, as mentioned earlier, Metro mode share has decreased
from apeak of 25% in 1983 to below 15% in 1995 (see Figure 3.3). A mgjor reason for
the declinein ridership is that while the population of the city is mobile and has expanded
further from the urban core, it isfar more difficult for the subway to grow.

Metro isrun by aredtively independent authority — the Colective Trangport Service (STC)
— under the respongibility of the DF s SETRAVI. STC apparently has sgnificant

autonomy in network planning and evauation and has done its own travel forecasting
exercises for planning purposes (COMETRAVI, v, p. 274). Inthis case, the STC runsthe
risk often recognized in trangportation planning — when infrastructure developers and

service providers conduct their own network development evauations, the tendency is
towards optimism and subjectivity in andysis. These are arguments for putting the Metro
planning function into an independent planning authority, overseaing al drategic
trangportation planning for the region (i.e, COMETRAVI).

Figure4.2: Metro Ridership, Line Length, VKT, & Trainsin Service®

—e— Length of Lines in Service (Kms)  —®— Trains in Service (Units)
—— Avg. Daily VKT (Thousand Kms) —>— Avg. Daily Ridership (Thousands)
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Source: INEGI, 1999

° Note: Average Daily Ridership is measured on right axis; all others on left access. Figures are 12-month
averages for each year, except 1999 (average through June).
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While we have been unable to obtain detailed financia records for the Metro, data from
1992 — 1993 indicate that the Metro fares covered approximately 50% of operating costs
(COMETRAVI, v1, p. 179). Giventhe high variation in ridership acrosslines, it islikely
that Lines 1-3 more closdy cover their operating codts (if not generating a surplus),
offering ardlaive cross-subsidy to the Lines with lower patronage. In 1994, theyear in
which the 10" Line became operationa, fares only covered 16% of operating costs—
dthough it is unclear whether this represents some data anomay and/or a misinterpretation
of the data by the authors. Other datain COMETRAVI indicates that in 1995, the Metro
required asubsidy of 37% to cover its operating costs (COMETRAYV, v1, 1999, p. 205).

The most recent development has been the creetion of two new lines that will enter the
State of Mexico. The importance of this development highlights a critical festure of

looking to major capital investment, such as metro expansion, as an option for emissons
reduction. Unlike surface modes such as buses and especialy colectivos, it takesavery
long time to plan, develop and deploy a new metro route. Because colectivos can respond
nearly immediately to new growth patterns, they develop afast hold on new market
sectors. In addition to critica indtitutiona barriers, this has mede it difficult for the metro

to reach the rgpidly growing resdentid areas outsde of the DF without coordination with
other modes. As the experiences of the lines built after the initia three routes indicate,
placement of metro service is fundamenta to the mode's future success.

Some Metro critics suggest that the system itsalf has contributed to urban sprawl (see
Cervero, 1997), in which case system expangion is undermining its own viability. Others
suggest that there has been an overdl fallure to effectively incorporate land devel opment
into Metro line development (see COMETRAVI, v1, 1999; p. 259).

Light Rail

The MCMA'slight rail sysem isa 13 km, one line systlem with 18 sations. Two cars
comprise an individud train. The line runs from the southern termind ation (Tasquefia)
of Metro Line 2 south/southeast into the delegacion of Xochimilco.

Table4.7: Light Rail Trandgt Indicators

Total Length of Lines Unitsin Annual VKT Annual Ridership
(Kms) Operation (Thousand Kms) (Thousands)
1992 125 8 1,173 6,900
1993 125 8 1,290 10,500
1994 125 9 1,200 12,000
1995 125 9 1,404 25,796
1996 13 10 1,634 32,399
1997 13 11 1,697 19,678
1998 13 11 1,649 15,730
1999 13 12 866 8,981

Sources: pre-1995 from COMETRAVI, v1, p. 181; INEGI, 1999.
Note: 1999 datais through June.

The light rall system has undergone dight supply expanson snce 1992, with 1 km of line
and four cars added to operations. Asaresult, annud vehicle kilometers of travel have
increased by 40% to 1,649 by 1998. Ridership has also increased since 1992, from 6.9
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million per year to 15.7 million per year in 1998, a 127% increase. Despite thislong term
increase, there has been much fluctuation — annual ridership apparently reached 32.3
million in 1996 — suggesting incons stencies in the source data.

As previoudy mentioned, the light rail is operated by the same agency that operates the
trolleybus system. According to COMETRAVI (v1, 1999; p. 205), light rail operations
require a 60% subsidy to cover operating costs.

PUBLIC TRANSPORT PASSENGER MODES: COMPARATIVE USER COSTS

Among the transportation modes, taxis are the most expensive — in 1994, the average taxi
trip was dmost ten times higher then the next most costly mode, the suburban buses.
Suburban buses and colectivos, the privately owned public transport modes, were also
sgnificantly higher than the publidy-owned services — the average EM bus trip was more
than three times higher than the DF-owned R-100, Metro and trollyebus; while the average
colectivo trip was more than two times higher than the DF-owned modes (COMETRAVI,
V7, 1999; p. 42). These differencesin part reflect the operating subsidy that DF modes
received, in part the longer distances traveled by suburban buses and (to a lesser extent)
colectivos, and some level of private sector oligopolistic pricing practices.

V. TRANSPORT AIR POLLUTION & OTHER EFFECTS

The rgpid growthin the MCMA’ s population, motor vehicle fleet, and indudtrid activity
over the latter half of the 20™" Century — combined with the city’s meteorological and
topographical stuation — has produced notorious levels of air pollution. Thecity is
frequently cited as one of the world’'s most polluted. The MCMA's high elevation results
inincomplete interna combustion and thus higher rdlaive levels of tailpipe carbon
monoxide (CO) and volatile organic compounds (VOCs) emissions. Furthermore, dueto
the city’ slocation in abasin surrounded by mountains, prevailing winds and thermal
inversons trap pollutants within the MCMA basin. The high éevation and strong sunlight
a0 intengfy ozone formation (ozone is produced through a photochemica reaction of
nitrogen oxides (NOx) and VOCs). The problem of pollution concentration and effects on
human hedlth is further exacerbated by the fact that winds often come from the
northeastern part of the region, carrying pollutants from the areas of heavy industry
concertration towards the downtown and the southwestern resdentia areas (West, et d,
2000; p. 7).

The principd pollutants which sysematicaly violate established ar qudity Sandardsin
the city are ozone, which violates the air qudity standard of 0.11 parts per million (ppm)
nearly 90% of the year, and respirable particulates (PM1,), which violate the standard of
150 micrograms per cubed meter (g nT) nearly half the year. Surprisingly, despite the
high eevation (and subsequent poor combustion), congested driving conditions, and large
share of old vehicles, levels of CO emissions apparently only rarely exceed established
standards (We<t, et d., 2000; p. 8).

Whileinventory estimates vary somewhat® (see Table 5.1), the general indications are that
trangportation accounts for nearly al of the city’s CO emissions and about 25% of PM 1.

® It is not clear how much the variation in transport contribution from year to year is due to technological
changes in the vehicle fleet, changes in transportation and/or other activities, and/or different methodol ogies
and assumptions used in developing the inventories.
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Of ozone precursors, trangport accounts for 70% — 77% of NOx and 30% - 50% of VOCs.
Mot studies concur that ozone pollution in the region is NOx-limited, meaning thet

controls on NOx would more effectively reduce ozone than controls on VOCs;” transport’s
high share of NOx emissons suggests that transport control measures to address this
pollutant would be an important part of an ozone abatement strategy. While transport had
historicaly aso been amgjor contributor to lead pollution in the city, the abolition of

leaded gasoline sdesin the MCMA in 1997 has effectively diminated transport
contribution of that toxic pollutant.

Table5.1: Transport Contribution to Total Emissions— By Different I nventories®

1988 1989 1994 1996a 1996b
TSP 2% 3% 4% 25%* 26%*
SO2 22% 14% 27% 21% 21%
CO 97% 94% 100% 100% 99%
NOx 76% 71% 71% 70% 77%
VOCs 52% 51% 52% 33% 33%

Source: Derived from West, et al, 2000; Tables 8 and 9.
*Note: for 1996, percentage contributions are for PM 10, rather than TSP.

The mogt recently avallable officia pollution inventory for the MCMA indicates thet of the
primary pollutants of concern - PM 10 and NOx — trucksin the MCMA are amajor source,
with private autos arelatively distant second (see Table 5.2). Thisinventory varies
significantly from the one produced for 1994, in which autos contributed the largest Sngle
portion of NOx (and VOCs), while trucks estimated share of al pollutants was
significantly less than the estimates for 1996 (estimates for PM 1o were not given in the

1994 inventory).

Table5.2: Trangport Contribution to Total Emissions— By Vehicle Type (1996)

PM 10 SO, CoO NOXx VOCs

Cars& Pickups 2.3% 7.8% 43.9% 19.6% 12.7%
Colectivos 0.2% 1.0% 10.7% 3.7% 3.3%
Taxis 0.5% 1.8% 10.2% 4.6% 2.9%
Buses 1.8% 0.4% 0.2% 3.2% 0.3%
Trucks 20.8% 9.2% 34.3% 46.3% 13.5%
Total 25.7% 20.2% 99.3% 77.3% 32.8%

Source: CAM, 1999.

" The ratio of VOCs:NOx ranges from 3:1 to 8:1 in various inventories, while ambient measures indicate a
ratio as high as 15:1 (Wedt, et a., 2000; p. 28). Since NOx levels in the MCMA are lower than VOCs, the

formation of ozoneis constrained by the presence of NOX.

8 The 1988 inventory is from PICCA (first major air quality control plan); 1989 is from MARI (modeling
exercise undertaken with Los Alamos National Lab); 1994 from Proaire (second major air quality control
plan), 1996a from the Proaire Second Report, and 1996b from CAM (Metropolitan Environment

Commission).
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The variation in the inventories from 1994 to 1996 is dmost certainly dueto changesin
methods (and/or base data) rather than rea changes in emissonsfor different vehicle
types, and so these changes should be viewed as a representation of sgnificant uncertainty
in emissons knowledge. Indeed, given the range of uncertainty in vehicle fleet counts

seen in the previous section, it is recommended that the inventory of trangport emissions by
vehicletypein Table 5.2 be viewed with some degree of skepticism.

To get arough sense of the relative contribution of the different vehicle typesto pollution,
there are severa useful indicators. One would be emissions per vehicle kilometer traveled
(VKT); however without data on vehicle utilization rates, such an indicator cannot be
accurately developed. Instead we develop here two dternative indexes. Thefirg, is
samply an index of emissions contribution per number of vehicles (see Table 5.3); this
index shows that relative to their total number, buses are the largest rel ative contributor of
both PM 1o and NOX, followed by trucks for PM 10, and taxis and trucks for NOx. This
measure suggests two possible factors playing arole here: poor emissions characterigtics of
buses, taxis and trucks, and/or their rdaively intensive use (high VKT).

Table5.3: Index of Pollutant Contribution per Vehicle®

PM 10 SO, CO NOXx HC

Buses 7.50 1.55 0.94 13.09 1.33
Colectivos 0.07 0.29 3.15 1.10 0.98
Taxis 0.68 2.32 12.97 5.79 3.75
Private Cars 0.03 0.09 0.52 0.23 0.15
Freight Trucks 1.85 0.81 3.04 411 1.20

Sources: Derived fromTable 5.2 and Table 4.2

Table5.4: Index of Pollutant Contribution per Passenger Mode Share'®

PM 10 SO, CcO NOXx VOCs
Buses 0.15 0.03 0.02 0.26 0.03
Colectivos 0.00 0.02 0.16 0.06 0.05
Taxis 0.18 0.61 3.39 151 0.98
Private Cars 0.11 0.40 2.23 0.99 0.64

Sources: Derived from Table 5.2 and COMETRAVI, V6, 1999; p. 3.

Another illugtrative index, a least for the passenger vehicles, is one which shows ther
emissions with respect to the total number of daily passengers trangported — thereby
indicating relative pollutant efficiency of each vehide type in ddivering passenger

® This index is based on relative contribution of pollution (vehicle share of total MCMA pollutants) and
relative number of vehicles. Note that the emissions inventory isfor 1996 and vehicle fleet isfor 1994.

19 This index is based on relative contribution of pollution (vehicle share of total MCMA pollutants) and
mode share of all motorized, road-based trips. Note that the emissions inventory is for 1996 and mode share
isfor 1994.
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trangport service. This measure shows that taxis, buses, and cars contribute the highest
relative share of PM 1o, while taxis and autos contribute the highest relative share of NOx
(and VOCs) (see Table 5.4). Surprisingly, despite the large number of colectivos, these
vehicles exhibit avery low index of pollution per passenger trip share, suggesting that this
mode operates a high passenger utilization rates. The high relative pollution index for
taxis likely derives from their relatively low occupancy rates and the fact that they spend
much time driving without any passengers. For cars, the high relative pollution index
comes from their relatively low occupancy rates.

For dl vehicle types, age is an important factor contributing to pollutant emissons and, as

is often noted in trangportation pollution studies, asmall portion of old, poorly controlled
vehicles can produce a disproportionate share of emissions. In the case of the MCMA, this
may be an important factor playing into truck emissions, Snce an estimated 30% of trucks
operating in the city are over 15 years old (see Table 4.5). For automobiles, roadside
messurements taken in 1992 showed that 4% of the vehicles accounted for 30% of VOC
emissions and 25% accounted for 50% of CO emissions (Beaton et d., cited in West, et d.,
2000; p. 16).

Additional Transportation Impacts

Beyond air pollution, it isimportant to highlight other negative impacts of the city’s
transportation system. These include, but are not limited to: congestion, accidents, noise
pollution, among others. These effects must aso be taken account of when devising
drategies to address the MCMA'’ s mobility and air quality problems. To date, however,
little information has been obtained explicitly quantifying these different impacts. No
references, for example, have been made in officia documents to the problem of
trangportation noise pollution. The consultants for the COMETRAVI report attempted a
rough quantification of the congestion, air pollution, accidents and urban land use costs of
trangportation in the MCMA.  According to those estimates, transportation resultsin $7
billion in externd costs per year, with congestion and accident costs making up 85% of dl
externa costs (COMETRAVI, v1, p. 253). No details were provided regarding the
methodol ogies used to calculate these costs, but the data leaves room for some doubts. For
example, the accident data shows that there were some 12,083 traffic accidentsin the
MCMA in 1993, resulting in 4,671 injuries and 2,179 desths (COMETRAVI, v1; p. 249).
For acity of the Sze of the MCMA, these seem like underestimates, at least of accidents
and injuries. For example, as a comparison, Santiago de Chile, a city with less than one
third the population of the MCMA and 1/4™ of the motor vehicle fleet, recorded 60% more
traffic accidents (19,378) in 1994, resulting in four times as many injuries (16,000), though
only 1/5" the desths (400) (Zegras, 1997; p. 225).

VI. REGIONAL ARCHITECTURE

Asistypicd to such alarge city, the ingtitutiond structuresin the MCMA involved in
regiond trangportation planning, infrastructure development, service ddivery,
enforcement, and traffic and system management are complex. There are at least three
primary levels of government (see Table 6.1) and three main areas of intervention within
each of which there are sub-elements (see Tables 6.2). Detailed descriptions of the
primary actors at the nationd, regiond and loca level are presented in Appendix 1.
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Table6.1: Key Government Entities Involved in Relevant Areas of I ntervention*

Area of Government Entity
Intervention Federal Federal District | Stateof Mexico [ Metropolitan
Transportation SCT SETRAVI scT COMETRAV/
Banobras
Land Use SEDESOL SEDUVI SEDUOP COMETAH
Banobras
Environment (ISNEII\E/I "F\)rFf)';'e’;; SMA SE CAM

Table 6.2: Areas of Intervention in the Land Use-Transportation System

AREAS/SUB-AREASOF INTERVENTION

Transportation Environment L and Development

*  Public Transgport Concession Inspection/ Maintenance e Zoning

Management (1) e Comprehensive Planning
e Consgtruction Enforcement * Red Estate Development
* Maintenance Fuel Standards
*  Service Operations Planning/Modedling/ Data
* Enforcement/Control Collection
¢ Panning/Modding/Data * Vehicle Standards

Collection

Beyond the government agencies involved and identified in Table 6.1, there are a host of
additiona actors which play an important role in the sector. These include internationa
funders (particularly the World Bank, but also bilateral donor agencies), the private sector
(such as mgor infrastructure firms, private banks, red estate companies, consultants, and
private sector public transport operators), universities, and — to alesser extent — avil
society (i.e, NGOs). Furthermore, as discussed below, recent trends towards
decentrdization of government seem to be moving some leve of power to loca
governments (municipios in the EM and delegaciones in the DF).

Since the trangportation and air quality problemsin the MCMA are inherently regiond, it
isimportant to make note of the relatively recent attemptsto “regiondize’ inditutiona
gructuresin these sectors. Asistypica in most large metropolitan aress, attemptsto form
regiond inditutions in Mexico City have lagged behind the regiondization of the MCMA,;
and the formation of truly effective regiond inditutions continuesto lag. Through various
fitsand garts, beginning primarily in the 1980s, two regiond bodies have arisen — one
specificaly tasked with the metro aredl sair qudity (The Metropolitan Environmenta
Commisson or CAM) and the other with transportation (The Metropolitan Commission
for Trangport and Roadways or COMETRAVI). Despite smilar generd mandates for
handling their respective sectors, COMETRAVI and CAM have subtly important
differences affecting their overal implementation abilities/effectiveness, including
(COMETRAVI, v1, pp. 120-122):

CAM has the access to some leve of independent financia resources (viathe
Fdecomiso Ambienta — Environmentd Trust Fund), while COMETRAV I does nat;

1 For details on the agencies presented in this Table, see Appendix 1.
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* CAM has executive and regulatory powers, while COMETRAVI’s powers are
essentidly of a consultative and proposal- making nature;

* COMETRAVI iscomprised of the three directly relevant trangport authorities at the
Federd, State and DF leve, while CAM is comprised of 9 Federd level Secretariats,
the DF and the State of Mexico, plus four state enterprises.

In addition, thereisaregiond planning authority, the Metropolitan Commission for
Human Settlements or COMETAH. It appears, however, to be ingtitutiona ly wesk,
serving primarily as a coordinating unit for urban planning in the region, essentidly
integrating & a macro leved the locd plans.

One of the most important recent accomplishments of COMETRAV I has been the
publication of alarge study of transportation and air qudity in the MCMA. This document
forms an important first step towards strengthening the Commisson’srole in the region
and aso has been an important source of information for this paper. That document aso
provides a good overview of much of the recent history and the legdity relevant to the
public sector indtitutions involved infresponsible for trangportation in the MCMA (v, pp.
117 -143). The document focuses particularly on the State and DF level aswell asthe
multi-jurisdictional (CAM, COMETRAVI) leve. Interestingly, and perhapsindicative of
the fallure to integrate land use with trangportation planning in the region, the
COMETRAVI document does not include the respective authorities responsible for urban
planning (i.e.,, the DF s Generd Secretary for Urban Development and Housing) or for
public works (i.e., the EM’s Secretary for Urban Development and Public Works) as
entitites “directly involved in Trangport and Pollution” (see, for example, v1, pp. 118 —
119). In addition, the COMETRAVI report does not detail the private sector ingitutions,
citizens groups, and financia inditutions involved in the sector.

Dynamic Issues

Beyond the inditutional complexity rests a number of dynamic, inter-related issues that
play an important role in the sector. Perhgps the most important of these are: politica
decentrdization, ingtitutional capacity, and finance.

Federalism

One of the most important ingtitutional trends underway in the country which has direct
impacts on management of the MCMA s the decentralization of power from the nationd
government to lower levels of governance. For the MCMA, because of the unique
historicd role of the nationa government in local palitics, this change has important
consequences. In 1997, for the first time, the mayor of the DF was dected and significant
adminigrative responsbilities were passed down. 1n 2000, a new mayor will be elected
but thistime for the traditiona Sx-year term. One mgor element of change is the planned
election of political leadersfor each of the deegacionesin 2000. Thisnew leve of
government, which is not new in the EM municipdities, dso includes respongbilities for
some traffic planning.

In some circumstances, such decentraization has sgnificant benefits. Greeter accessto
officids at thelocd leve is expected to increase public participation and for some issues,
such aslocd traffic management, this more direct communication has Sgnificant
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benefits}? In other areas, such asair quality planning or regiond infrastructure
development, decentralization has significant drawbacks.

Ingtitutional Capacity

The second mgor trend is the continuing need to strengthen regiond entities that are
perhaps best positioned to address the metropolitan transportation, air quality, and land use
concerns a hand. Interestingly, the impact of the decentralization pattern on these entities
isuncertain. On one hand, reducing the importance of the national government in
metropolitan politics may dlow the historic maldidtribution of attention toward the DF to

be corrected by placing the DF and EM on more equal ground. On the other hand, the
current inability of any agency to address long term planning may be exacerbated by
greater pressures placed on scarce loca resources.

As the metropolitan area continues to expand and additiond Sates, such as Hidadgo, are
included at thisleve of government, the importance of dtrategic regional planning in each
area of intervention will dso grow. For example, effective adminigration from
COMETRAVI, which dependsiin large part on fisca autonomy, will be necessary, to
coordinate transport services, planning and capital investments across the region.

At the personnd level, adminigtrative changes present the greet risk of alack of saff
continuity (indtitutiona memory) and results in weekness in policy developmert,
deployment and enforcement. For entire inditutions, cumulative weaknesses from high
turnover rates and other factors alows private aliances to gain power, as exhibited by the
colectivo operators. For apolicy arena, such as air qudity planning, fragmented
inditutions and inter-reaionships inhibit effective management. A key example of this
effect islack of coordination between agencies respongible for the emissons inventories
from different sectors (IPURGAP, 1999; 14).

In the specific case of trangportation, the issue of data collection, modeling and andysisis

of mgjor importance; it is not entirdly clear where this responsbility rests within the

inditutions of the MCMA.. The effective planning and management of an urban

transportation system requires that an entity(ies) be tasked with:

* data collection and maintenance — origin detination (O-D) surveys of trips, traffic
counts, physicd and operationa system inventories,

» thedefinition of technicd criteria, study methodologies, evauation tools— induding
travel demand modd development, calibration, vaidation, and use.

Currently, no forma travel demand modeling occursin the MCMA, dthough apparently
attempts have been made at model implementation in the DF s SETRAVI. Furthermore,
the Metro has reportedly used EMME/2 (acommercid travel forecasting modeling
package) in evaluations of its network development. Nonetheless a specific authority
tasked with modeling does not exist, which seems to be a serious shortcoming in the
region. Asan indication, the most recent O-D survey was conducted by the National
Statigtics Ingtitute (INEGI); reportedly, the raw data from this survey has not been made
fully avallable to rdevant trangportation authorities in the region.

12 The Legislative Assembly of the DF passed a Citizens Participation law in November 1998 to encourage
public involvement in general and specifically through local associations (SETRAV I, 1999; 2-23).
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In some cases, non-governmentd inditutions such as universties and private-sector firms
can provide some backup structure and support for the areas in which weaknesses and
fractures appear. In recent years, attempts have been made to create a trangportation
research organization. Initsfirg incarnation, the Urban Trangportation Ingtitute would
have conducted research on avariety of related subjects from a primarily academic
perspective. Thisinitiative, however, suffered a political death, in part due to student
grikes a the Nationa Autonomous University of Mexico (UNAM). In 1999, in arevised
format, the Center for Studies and Capacity-Building for Transportation and Roadways
was created by law in the DF primarily to help improve the management and operation of
public transport services, such as the colectivos.

Finance

Another issue relates to financing and revenue-generation. Perhaps most important here
are the inequities between the DF and the EM. In the area of federad tax revenue
digtribution, the per capita share received by the DF was more than twice that of the EM.
In addition, the DF has received mgjor direct subsidies through infrastructure investment,

of which the metro is akey example (Krebs, 1999; Appendix 1). Thelack of financing has
aso taken amgor toll on the EM's ahility to participate in planning activitiesin
trangportation, air quality and land use.

Nonetheless, the political decentraization trend has necessitated a shift in public finance
policy throughout the MCMA. For example, operating subsidies for the metro have been
trandferred from the federa government to the DF. The tax used to generate revenue for
the subsidy has been retained, however, and the DF has passed alaw to generate revenue
from new sources for atrangt trust fund. Capita financing of mgor infrastructure, such as
the Metro, stands to be significantly affected by the new financid sructure; in fact,
completion of the new Line B of the Metro has reportedly been held up in part dueto lack
of financing availability reated to the fact that the Line crosses jurisdictions (from the DF
to the EM). Similarly, the national government has given the EM responsbility for
managing highway infrastructure that is now within the metropolitan area and therefore no
longer in the inter-urban category of roads for which the nationa agency takes

responghility.

Long-term financid solvency of the sector is not clear asit is difficult to identify revenue
sources and expenditures within the rlevant governmental agencies. At the regiond levd,
no significant source of revenues yet exists and COMETRAV | essentiadly depends on in-
kind contributions from its member governments. The Federd Digtrict Government, in its
recent trangport strategy for 1995-2000, does attempt to explicitly identify transportation-
related income and expenditures. According to that analys's, transportation revenues
included: ownership fees, used car sales taxes, on-greet parking fees, and traffic fines.
Direct trangportation expenditures included those related to planning and regulation,
operdting subsdies for the metro, light rail and bus services, and infrastructure
congtruction and maintenance. While the numbers provided were rough estimates, they
indicate Sgnificant deficit in the sector as revenues cover barely one-hdf of total trangport
expenditures (SETRAVI, 1999; pp. 3-67, 3-70, 3-74). Metro and light rail operations
account for asignificant share of total expenditures, on the order of 60% to 70%. The
SETRAVI document recognizes the troubling nature of these deficits and makes some
preliminary indications of potertia means for raisng revenue in the sector, including
additiona taxes on fuels and tires, increased fines, and the introduction of pollutionrel ated
fees a annua vehicle ingpections (SETRAVI, 1999, p. 6-78). While detailed financid
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information for the EM is not avalladle, it islikdy tha the Stuation there is even more
dire

VII. “OFFICIAL” PLANS

Plans and policy programs for addressing the MCMA s trangportation problems have been
proposed by the DF, the State of Mexico, and the COMETRAVI. The most relevant
trangport-specific policy documents (plans) include: the DF s integrated Transport and
Roadways Program 1995-2000 (Programa Integrd de Transportey Vididad del DF),which
is currently being updated; a Transport “Master” Plan (Plan Rector) and a Transport
Restructuring Program (Programa de Reordenacion) for the State of Mexico (completed in
June and September of 1995); COMETRAV I’ s 1995-1996 workplan (“Plan de Trabg0);
and COMETRAVI’s Integrated Study of Transport and Air Qudity. In addition, on the
sde of urban development and land use planning relevant documents include the DF s
Generd Urban Development Plan (1996), the EM’ s Urban Development Plan (1993), and
the multi-ingtitutional (SEDESOL-DF-EM) land use plan for the Metropolitan Region
(1997).

The COMETRAVI reports offer the most comprehensve overview and andysis of the
transport plans, proposas, and projects in preparation, underway, or hoped for in the
MCMA. A summary of those plans and andysisis beyond the scope of this white paper.
Nonethdless, it isimportant to highlight some of the most important structura plans
coming from the various revant government authorities. At the Federd levd, the
Secretary of Communications and Trangportation has severd r%i ond plans. For highway
infrastructure, currently a.small portion of the proposed future 4™ ring road (so-called
“megapolitan” ring) is under congtruction. This proposed project is envisoned to
eventudly link the satdllite (corona) cities of Cuernavaca, Cuautla, San Martin, Pachuca,
Tulg, Jilotepec, and Toluca at aradius of some 70 to 100 kms from the city center. The
Federd SCT isdso looking at the possihility of developing severd toll facilitiesin the
region, including a third ring road to be developed a some 25 kms from the city center.
The am of these fadilitiesisto avoid that inter-city traffic pass through the dense parts of
the MCMA.. Integrated into these plansis the development of the so-cdled “logistics
platforms’ — freight didtribution centers which would serve to dleviae freight truck traffic
congestion in the MCMA..

The DF and the EM aso have mgor plans for new highways, bridges, road expansions,
parking, ingdlation of traffic Sgnds (particularly in EM), etc. The mgority of the road
works are amed a improving transportation links between the EM and the DF and within
the EM. The DF aso is considering the development of elevated toll roads (vias expres)
on its most congested facilities. The SEDESOL study (undated; pp. 110-114) proposes a
series of inter-urban highway invesments aimed at integrating the nation’s economy.

There are dso plansin the works for the development of a new airport, dmost 100 kms
north of the CBD in the State of Hidalgo, athough this idea faces competition from a
proposa to expand the existing airport (SEDESOL, undated; p. 106).

The DF has plans — beyond road improvements and expansions — for three near term rall
initiatives: Lines A and B (into EM) of the Metro, plus the congtruction of a proposed
Elevated Train (the concession to the private sector of this initiative was granted, but the
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project is being opposed by locad neighborhoods; its future viability isin serious doubt). In
the medium to long term additional Metro plansinclude extensgonsof Lines4, 5 and 11,
with three new lines proposed for 2020 (SEDESOL, 108). Findly, there are plansto
develop anetwork of radia suburban rail lines, linked with the concept of the “ satdllite
cities” SEDESOL (undated) also proposes utilizing current freight rail right of way to
develop alight rail passenger system and to then move the freight rail service (and its
industria customers) to outside the VCT (p. 114).

VIIl. KEY PROBLEMS & FUTURE POLICY AREAS

The profile presented in this paper leads to a somewhat disquieting prospective for
comprehensive trangportation-air quaity improvementsin the MCMA. The metropolitan
region is expanding rgpidly, with a growing motor vehicle flegt, mgor ingtitutiona
chdlenges to service and infrastructure planning and coordination, severe trangport-related
environmentd problems, and agenerd lack of financing avallable for infrastructure
investments and upkeep. This section presents a general categorization of the magor
problems and, within those categories, outlines policy areas that can help guide the next
phase of the Mexico City Project in devisng more detailed interventions to S multaneoudy
confront the mohility and air qudity chalenges facing the city.

INSTITUTIONS, FINANCE, PLANNING AND MANAGEMENT CAPACITY

Severd sudies have identified indtitutiond issues as amgor hurdle to progressin the
MCMA'’ s transportation sector. For example, COMETRAVI (v7, pp. 289 — 294) notes
seved inditutiona problemsin the MCMA, including:
the lack of ahigh capacity metropolitan inditution to ded with planning and
implementation;
afalureto integrate land use, trangportation, and air qudity planning and analysis
and alack of compatability/uniformity/centrdity in terms of modeding and andysis
tools, and
alack of adequate financia resources and inequities in terms of subsidies and
externdities (both among the EM and DF as well as among income and user

groups).

These are not, of course, unique to the MCMA, since metropolitan transportation in any
large, sprawling city invarigbly involves many public and private sector actors, each of
which has its own competing interests and respongbilities. Indeed, indtitutiond difficulties
are often highlighted as the principa barrier to implementing a coherent urban transport
srategy (see, for example, Anderson, et d., 1993; Gakenheimer, 1993). Nonetheless, this
study not only reinforces the COMETRAVI conclusions regarding the serious lack of a
centralized and capacitated planning, data collection and modeling authority for the
MCMA, but it has shed additiond light on the various manifestations of these inditutiona
shortcomings, including:

gpparent incong stencies and major uncertainties relating to trip data (both actua

and especidly future projections) and the availability of that datafor planning

purposes;

inconsistent data related to vehicle fleet sze, growth, usage (VKT), emissons, and

distribution across geographic areas and across end- uses (i.e., colectivo vs. taxi);
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alack of consstently applied project evauation criteria (i.e., economic vaue of
time, fuel, operating cods, etc.), which are crucid to ensuring choice of the best
available trangportation investments.

Theformation of a high capacity, financidly secure inditution and the establishment of
sound project evauation criteriamay well be the most productive measure to
comprehensively ded with the MCMA'’sregiond transportation-air quaity problems.
Such an indtitution might best actudly consolidate the functions of ar qudity planning and
transportation planning into one authority. Absent that, at the very least there must be
strong and continuous ties and information exchange between air qudity and regiond
trangportation authorities, so that data on vehicle types, age distribution, utilization rates,
travel speeds, etc. become consistently collected and modern travel forecasting techniques
are integrated with air quaity modding. The ultimate goa should be the development of a
comprehendve land use-transportation-ar quaity modding tool for the MCMA; while the
Integrated Program on Urban, Regiond and Globa Air Pollution is making important
drides forward in the air quaity modeling science in this regard, the lack of emphasis on
the transportation-land use modding interaction looms asamgor potentid shortcoming in
any atempt to undertake comprehensive modding.

Furthermore, the range of trangportation impacts (accidents, noise pollution, etc.) should be
quantified and incorporated into planning efforts. Thisrequires financid, political, and
intellectud investment in aregiond transportation agency, with close collaboration with
policing authorities, ingpection and maintenance databases, etc. Y, itisnot clear how

this problem might be overcome, especidly giventhe political differences and competition
between the DF and EM (and Federd Government) and the large disparitiesin
infragtructure provison and financid and ingtitutiona capacity between the EM and the

DF.

LAND USE, URBAN GROWTH AND INFRASTRUCTURE

Urban development has continuously been ignored in the MCMA as atool for
transportation enhancement and seems to typicaly be an afterthought to most
transportation planning efforts. According to Molinero (1999), the uncontrolled urban
growth in much of the region has resulted in priority being given to mobility over
accessihility, rupturing the cohesion of the metropolitan areg; the city suffers from spatid
segregation (in terms of land uses) and has not been able to control rapid urban outgrowth
of commercid and resdential uses. SEDESOL (undated) notes that efforts to-date have
not used transportation infrastructure as a potentid tool for structuring urban devel opment,
and aso recognizes that, while current trip patterns show the need for peripherd trunk
roadways, these new roadways will only generate new urbanizations and demand.
COMETRAVI (v7) dso highlights the failure of most plans to account for long term travel
generation effects of infrastructure expangon.

The Case of Generated Demand

The failure to account for generated demand within the many infrastructure expansion
plans poses arisk to satisfying the MCMA'’ slong term air quality and mobility gods.
Generated demand refers to the phenomena that infrastructure provision and/or
improvement increases trip demand. In the short term, the increase in demand is referred
to asinduced (or generated) traffic — an increase in traffic on the affected facilities (Lee et
al, 1997, 7). Thisiscomprised essentidly of traffic diverted from other routes, other
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degtinations, or trips made by people that were previoudy in the “market” for travel but
chose not to do so in the pre-build Stuation. 1n the medium to long-term, the improvement
in the trip conditions produce an overdl increase in demand — generated or induced
demand (Leeg, et d.). Thisinduced demand represents an increase in the total number of
trips — trips which would not have occurred without the supply expansion.

When congedtion is severe, induced demand can quickly undue any effort to improve the
Stuation without prices that accurately reflect the red cost of travel (i.e., congestion

charges or some rough equivaent [Small, 1992, p. 113]). The effects are especidly strong
in aress of rapid growth. Although the ultimate impacts depend on the specific context,
amog dl empirica studies confirm the phenomena (see SACTRA, 1994, p. 205; TRB,
1995, p. 155). A recent study in the U.S,, for example, estimates that between 60% to 90%
of expanded road capacity is filled within the first five years with trips that otherwise

would not have occurred (Hansen & Huang, 1997). A review of evidence compiled in the
United Kingdom concludes that road expansion, in the short term, produces 50% more

trips and in the long term 100% more trips (SACTRA, pp. 47-48).

In the case of anationd analysis of Mexico, Eskdand & Feyzioglu (1997a; 435) estimate
that gasoline consumption per car is pogtively corrdated with miles of highway per car:
“Thus, new highway congtruction increases car utilization more then it improves fue
efficiency via better roads and less congestion.”  Such results offer strong caution

regarding the effects of road infrastructure expansion on vehicle distances traveled and
pollution. Indeed, COMETRAVI (v1, p. 149) observes that after the completion of anew
toll highway on the north-western part of the MCMA new residentid, industrid and
sarvice developments quickly have sprung up, resulting in the generation of new vehicle
trips.

A Path Forward?

The chdlenge to integrating land use and trangportation in practice is not uncomplicated.
The rapid and intensifying digoerdon of activities acrossthe MCMA is cregting new trip
patterns/interactions among the DF and EM which the current transportation system does
not adequatdly satisfy. While building infragtructure to satisfy this demand is criticd, such
interventions will then only reinforce the tendencies towards activity disperson and further
solidify the rgpid suburbanization underway. The dilemmais compounded by the fact that
mogt trip attractions remain in the centrd part of the MCMA creating long trip distances
and high congestion. Asthe currently relatively low trip-making rate of peripherd
residents grows to levels seen in the DF, the problem will be magnified*® Inidentification
of these problems, Molinero (1999) recommends that: “the peripherd territories ...should
bring services closer to the user, the home and the neighborhood, promoting the mixed use
of land” and avoiding “expanson that increases mobility and automobile infrastructure and
that depends on a heavy centrdization of activities.”

The above suggests that efforts are needed on severd fronts. 1) shaping the form of current
urban fringe growth to maximize accesshility, while minimizing mohility (i.e.,

dengfication and mixing of land uses); 2) focusing road infrastructure enhancements on
those areas with most dire deficit, particularly in the western and southern periphera aress;

13 The fact that current projections (Table 3.2) seemingly fail to account for future growth in peripheral
residents trip-rates (instead actually predicting a decline in trips per person) might further worsen the
problem by failing to anticipate it.
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3) developing and deploying a drategy to take full advantage of current infrastructure (i.e.,
creating incentives to focus land devel opment around the under-utilized Metro network
and establishing dedicated bus-waysin al mgor travel corridors) before focusing on
expansons. Thereisa pressng need not only to make land development plans and
redlities) compatible with transportation development plans, but for both of these to be
compdible with aviable long-term ar quaity improvement plan. Again, thistask would
be greetly facilitated by the development and implementation (in close cooperation with
relevant authorities) of an integrated land use-transportation modd.

TRAVEL DEMAND AND INFRASTRUCTURE MANAGEMENT

Oneimportant tool to help offsat the pressures for infrasiructure expansion and tendencies
towards generated demand is travel demand management. The principa relevant measure
used to-date in the MCMA is Hoy No Circula, which has seemingly outlived its ussfulness
as any form of effective travel demand management tool. While it may be welcome to see
this measure’ s demise, due to the unintended consequences brought about by its
implementation (as discussed in Section 4), the lack of dternative demand management
measures isworrisome (COMETRAVI (v7, pp. 289 — 294) also emphasizes the inadequate
pursuit of travel demand management measures).

Since the codts (i.e., pollution, congestion) produced by urban transportation activity
exceed the prices paid by users, demand is higher than economically efficient. The surest
solution to the problem is more accurate margina cost pricing. By designing and
implementing effective pricing mechanisms, demand for motorized trips will be reduced,
the need for infrastructure expansion is mitigated, and the urban arealis made more
compact (see, i.e., Lee, 1995). However, the widespread acceptance of efficient
trangportation pricing mechanisms among transport economists and engineersistypicdly
more than offset by near unanimous rejection of such measures by policy makers,
government officials and the generd public (Gillen, 1997; p. 193). The MCMA seemsto
be no exception to this phenomena, except for the apparent fact that there does not even
seem to be much consderation among the transportation planning professon in Mexico for
implementing efficient pricing.

While there may be little short-term hope for measures such as congestion pricing in the
MCMA context, the ar quality problem offerstheided platform to introduce such pricing
measures to policy-makers and the genera public. At the sametime, a suite of
complementary and/or “second best” pricing tools need aso to be developed and rapidly
deployed, including: metropolitan-area fud taxes, increased parking fees, and more
accurate vehicle ownership and usage fees (i.e., registration fees based on emissons levels
and vehicle szelweight). Beyond improving efficiency in the trangportation market, such
measures would work towards dragtically improving the mgor financia deficit that the
sector currently faces (as discussed in Section 6).

Demand management measures would be well complemented by efforts at management of
exiding infrastructure assets and the pursuit of low cost supply management measures
(such asintersection improvements). A compatible trangport-air quality gpproach should
orient towards maximizing the use of the existing capital stock through: hierarchica
classfication of the road network, an adequate maintenance system (and user feesto
support this maintenance), effective traffic Sgnage and contral, initiatives giving priority
to high occupancy vehidles (i.e., busways and budanes), and complementary infrastructure
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like wdll-defined bus stops with clear user information. Not only will such measures
promote an efficient use of the network, but they aso bring additiona important effects,
such as reductions in traffic accidents (see, for example, Ragland, et d, 1992). Focus
should aso be placed on infrastructure for non-motorized transportation, both pedestrians
and bicycles - traffic caming, pedestrianization, and nor-motorized transportation
networks can significantly improve the safety and comfort of such non-polluting modes
and simulate their use (see, for example, Pucher, 1997).

VEHICLE & FUEL TECHNOLOGIES

Perhaps the areain which the MCMA has shown the most progress in regards to
transportation pollution has been in vehicle technology adoption, the inspection and
maintenance program, and fuel improvements. As early as 1994, mgor reductionsin
measured roadside emissions of CO and VOCs were being attributed to the successful
deployment of emisson control technologies (Wes, et d., 2000; p. 16). The more recent
move to unleaded gasoline, the incorporation of cataytic convertersin the gasoline fledt,
and the adoption (as of 1999) of U.S. Tier | light duty vehicle emisson sandards mark
important further strides in reducing motor vehicle emissonsin the city. Nonetheless,
magor chdlenges remain, induding: reducing emissons from the till large number of

older vehicles on the Street; accelerating the retirement (scrappage) of such vehicles; and,
more effectively expanding emissions controls to heavy duty vehicles, particularly trucks
(asseenin Section 5, trucks apparently account for an inordinate portion of criteria
pollutants). More detailed measures regarding vehicle technologies and fud improvements
(including the opportunities for the use of dternative fuels) areincluded in other papersfor
the Mexico City project.

PUBLIC TRANSPORTATION MANAGEMENT AND MODE SHARE

The MCMA exhibits four mgor trends affecting the public transportation market:
acontinuoudy declining public image, due to safety, security (crime), comfort and
other red and percelved service shortcomings,
mode share evolution away from higher capacity modes (i.e., Metro and buses)
towards low capacity modes (colectivos and autos);

a conflict between the commercid viability of competing colectivo and bus
operations, driven by the massve growth in colectivos, the political clout of their
owners/operators, and subsequent difficulty in successfully concessioning out bus
savices, and

high leves of subgdiesfor DF-operated public transport modes (Metro,
trolleybuses, light rail), and stagnant or declining patronage.

A range of measures have been proposed by consultants, government authorities, and
others to address the ongoing challenges facing the MCMA'’ s public transport systlem. The
majority of these measures aim at reigning in the colectivo which iswiddy viewed asthe
cul prlt in cregting systemic chaos. The typicd arguments againgt the colectivo include:
their large relative number and low capacity leads to aincreased levels of pollution
and road congestion per passenger carried;
their atomized owner-operator structure results in high onstreet competition and
subsequently unsafe driving practices,
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the lack of formalized colectivo companies produces less than optima operations
and maintenance practices as well as negetive effects like informa service
terminas and on-street vehicle storage;

the colectivo “lobby” leads to oligopalistic pricing (high fares), while dso limiting
the authorities' ability to effectively manage the entire transport system (through,
for example, the use of strikes).

Some of the policies identified by government authorities to address the colectivo problem
and, in generd, improve public trangport operationsin the city consst of (Villegas,
undated(b)):
- fostering the formation of forma colectivo companies;

introducing training programs both to professionalize the companies (i.e., improved

management and adminigration skills) and improve driving, operating and

mai ntenance practices,

develop financing schemes for the acquisition of buses and promote the trangtion

from colectivo companies to bus companies;

alow buses to charge higher fares to improve service profitability; and

better integrate bus and colectivo service with the Metro.

The generd focus on reducing the dominance of the colectivo stems from the perceived
negative effects of this mode on the ridership and viability of other public trangport modes.
Whileit is certainly true that the colectivo system does create arange of negative system-
wide effects, it has responded, apparently, to ared market demand by offering relatively
atractive, high-frequency, ubiquitous, door-to-door service. This has been particularly the
case given the rapid urban expansion of recent decades — the colectivo can respond most
rapidly to new markets (new urbanizations).** While colectivo dominance has, in part,
arisen due to oligopoly power, predatory practices, and effectively limiting government
regulations— it is important to recognize that the colectivo also is a direct response to user
desires for a demand-respongive transgportation service.

Public transport palicies for the MCMA must, therefore, recognize the benefits of the
colectivo, both integrating it effectively into the public trangport mix and learning from its
market attractivenessin promoting other types of service. The market success of the
colectivo suggests that the government might pursue a policy of formaly differentiating
public transport services, aming to gpped to arange of user groups based on willingness
to pay for speed, convenience, comfort. In such aframework, high cost, high quaity buses
might succeed in attracting higher income users, particularly if dedicated rights of way
(i.e,, exdusive bus-lanes) could improve the speed and rigbility of travel. The
government has indicated adesre to develop a“hierarchica” colectivo system, with the
colectivos serving as afeeder system to a network of high speed buses operating on
densdly traveled trunk routes. For such a system to function effectively and to actudly
succeed in attracting users (and service operators) would require virtually seamless and
“timeless’ transfers between colectivos and buses plus low- price and/or integrated fares.
Implementing such a service would be no samdl feat, particularly in the face of the dmost
certain opposition by colectivo operators.

14 Of course, colectivo supply likely also feeds urban expansion, since people will be able to travel from/to
more distant origins/destinations due to the colectivo service.
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Regardless of the ultimate specifics of the road-based public transportation solution, the
clearest point isthe need for the government to devel op an accountable, enforceable public
trangport management syssem. The political hurdlesimplicit to thisare not trivid,

however, little progress can be expected without the development of an effective

regulatory scheme. At least one useful example of the potentid benefits from regulation of
the privately-owned public transport system comes from Santiago de Chile. After complete
de-regulation of the system during the 1970s and 1980s, authorities finaly raised the
politica clout to shift the role of the public transport system in the city’ s dire pollution and
congestion problems. The first step was outright state purchase of the oldest vehicleson
the streets — 2,600 buses at a cost of US$14 million to the government. That and other
measures soon opened the door for a transparent and apparently effective route bidding
process which has produced remarkable results in recent yearsincluding: a reduction and
modernization of the bus fleet (number reduced from 13,500 to 9,000 and average age
reduced from 14 yearsto 4 years), implying a private sector investment of US$500 million
in vehicle stock; improvement in service qudity (uniform signage, more comfortable
vehicles, etc.); improved vehicle emission characteristics (more than half the fleet complies
with EPA-91 or 94 standard); modernization of the bus companies; and, importantly,
dtabilization of the bus fares (Dourthé, et a, 2000; pp. 4 — 8). For the case of Mexico City,
it remains to be seen whether the dire ar pollution problem can spur the changes necessary
to improve the public transport system.



APPENDIX 1: INVENTORY OF RELEVANT INSTITUTIONS

Nationa Level
At the nationd level, the most rdevant indtitutions relaing to the transportation sector are:

The Secretary of Communications and Transport (SCT) — responsible for suburban
trains, inter-urban highways (including ring roads), and the airport.

SEMARNAP (INE/PROFEPA) — responsible for the environmen.

SEDESOL (Federd Secretariat of Socid Devel opment) — According to the Generd
Law on Human Settlements (LGAH), SEDESOL has respongbility for supporting
planning and regulation in urban areas that cross federd lines. SEDESOL hasa
coordinating and convoking role among the rlevant municipa/seate agencies aswell
asarolein supervisng Federd activities related to urban/regiona development
recently developed a Masgter Plan for the entire central region. “amed a improving
access to the centers of economic activity and increase housing, infrastructure services
and utilities” Uses redtrictive zoning and development controlg/prohibitions.
Unfortunately, enforcement has reportedly been rendered impotent due to politics
(Krebs, 1999; Appendix 1).

Banobras (National Bank of Public Works and Services) — isanationd development
bank which finances infrastructure, public service and environmentd projects. The
bank can lend to dl levels of government, as well asto private sector entities involved
(i.e,, viaconcesson) in the ddivery of public goods/services. Beyond providing
financing to appropriate projects, Banobras provides technica assistance and uses loan
conditiondity to achieve policy goas (Banobras, 1998, p. 65). Banobras often works
cosdy with multilatera development banks (MDBS) (i.e., World Bank), funneling
MDB fundsto local projects. For example, Banobras cooperated with the World Bank
on the First Urban Trangport Project, a $90 million loan which included $73 miillion to
the MCMA (Rodriguez, 1997, 15).

POLICE — no additiond information currently available

Federd Didtrict

At the DF level, to some degree the rlevant “inditutionality” remains somewhat in-flux,
as much new loca legidation has been passed recently (e.g., towards the end of 1998,

under the first democraticaly dected loca government). In May, 1999 the Legidative

Assembly of the DF passed a new Transport Law.

Secretary of Transportation and Roadways (SETRAVI) — SETRAVI recently (mid-
1990s) replaced the DF s former Transportation authority. It isdivided into three main
offices (Direccidn Generd): planning and roadways, regulation, and transport. Among
the three offices, SETRAVI isrespongible for the great mgority of transportation
issuesin the DF, induding: policy-making and planning, enforcement, regulations,
issuing drivers licenses, setting fares, emitting and enforcing concessions (for public
transport and freight), and inter-ingtitutional coordination (SETRAVI, 1999; pp. 2-29 —
2-32). Somewhat autonomous, yet still dependent on SETRAVI, are the two
government authorities responsible for operations and planning of the eectric
trangportation system in the city: the Collective Trangport Service (STC), which
operates the Metro, and; the Electric Trangport Service (STE), which operates the
trolleybus system and the light rail line.

Secretary of Urban Development and Housing (SEDUVI) — housing and urban
development
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Secretaria de Obras Publicas (SOP)- public works

Secretary of the Environment (SMA) - environment

Delegaciones — current plans are to delegate locd transportation planning functions to
the ddlegation (municipd) leve with the creetion of treffic offices in each delegation.
Secretary of Public Safety (SSP)— as of 1998, the SSP was given legd authority over
traffic control, including the traffic Sgndization program, and drivers education.

Certain tasks will remain in the hands of SETRAVI, induding Sgnage/markings,

traffic control technologies and relevant works and engineering (SETRAVI, 1999; p. 2-
22, p. 2-31).

POLICE — additiond information currently not available.

State of Mexico

Beow arethe principa inditutionsinvolved in the State of Mexico; little additiona
information is currently available:

Secretary of Communications and Transport (SCT)

Secretaria de Desarrollo Urbano y Obras Publicas (SEDUOP)— public works
Secretaria de Ecologia (SE)

Municipios

POLICE

Multi-jurisdictiond

Condtitutiond law empowers state (or DF) governments to form metropolitan commissions
to confront issues of public concern which cross jurisdictiona boundaries. For
trangportation-environment-urban development, there are three relevant ingtitutions at the
multi-jurisdictiond level, each tasked specificaly with handling inherently regiond issues.
Each has ardatively recent hitory, athough previous inditutiona precedentsin the
trangportation sector date back to at least the mid-1970s (see Molinero, 1999; p. 2).

COMETRAVI —1n 1989, a Metropolitan Trangport Council was formed to help
coordinate regiond transport, devel oped a master plan for MCMA (defined as D.F.,
plus 17 regiond municipdlities). This council dso helped push through transport
sarvices across D.F.’ s boundary (O& G, 1997; 139). In 1994, (Metropolitan
Commission for Trangport and Highway Administration) COMETRAVI was cregted
through agreement with MTC, State of Mexico, and the D.F. COMETRAVI functions
with arotating presidency; as of late 1999, the DF held the presidency, thisis dueto
changein March, 2000. It isnot clear what the implications of thismay be in practice.
COMETRAVI has severd working groups (i.e., Technica Norms, Legd 1ssues,
Service operation, Fares/Finance) and its tasks include: development of mechanismisto
improve trangport services and road infrastructure in the region, homogenize the legd
Structure affecting trangport and infrastructure in the region and development of the
information necessary for trangportation planning and implementation. Among the
initiatives of COMETRAVI areincluded a Metropolitan License Plate (Placa
Metropolitana) amed a authorizing cross-jurisdictiona public transport services.

CAM - created by Presidential Decree in 1992 to define, coordinate, monitor
implementation of policies, programs and projects for pollution control in MCMA.
Has a President, Technical Secretariat and Advisory Council. Presidency supposed to
rotate every two years among mayor of D.F., Governor of State of Mexico, and the
secretary of SEMARNAP. Technica Secretariat has a Technica Secretary and one
technica agency from each member agency (Secretariats of Hedlth, Treasury and
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Public Credit, SEMARNAP, Public Education, Commerce and Industrid
Development, Communications and Transport, Comptroller, and Energy; IMP, State of
Mexico; FDD. Technica Secretariat is responsble for identifying pollution control
measures, specifying schedules and budgets, and indtitutiond responsbilities. FDD’s
Department of Environment is coordinating body of the Technica Secretariat and the
FDD isresponsible for the relevant costs (Onursal & Gautum, 1997; 139). Apparently
has strong technical capacity, good indtitutional memory (retention of staff), and much
input from internationa environmentd experts (Onursal & Gautum, 1997; 139). The
Advisory Council is designed to ensure citizen participation in the design and
implementation of projects (i.e., amed to address the palitica feashility of
implementation).

COMETAH (Metropolitan Commission on Human Settlements) — the firdt regiond
planning initiative for the MCMA was launched in the mid-1970s with the formation of
the Conurbation Commission of the Center of the Country (CCCP). CCCP devised a
plan with the overdl goas of decentralizing the metropolis and reducing its growth.
Despite having legd and financid resources, the CCCP had no practical effectiveness
(SEDESOL, et d, p. 11). COMETAH isamore recent incarnation of aregiona
development commission — comprised of the DF, EM, and SEDESOL — and tasked
with proposing planning insruments for “ordered” urban development. Similar to the
other metropolitan commissions, COMETAH faces the challenge of respecting loca
government sovereignty while making recommendations for controlling urban growth.
A recently published metropolitan regiond plan by COMETAH attemptsto provide a
generd framework for indtitutiona coordination around common godas of managing
urban growth (see SEDESOL, et d.).

“Private’ Sector & International Community

Beyond these governmentd ingtitutions, there are severd other private companies, non
governmenta organizations, and internationa entities which undoubtedly have important
influence on system development and operations. These include:

* BugColectivo operators

* Route Associations— Cervero (1997) highlights the “ self-regulatory” role that these
associations play.

Congtruction companies— mgor force in Mexico (i.e,, Tribasa, ICA)

Redl estate companies

Financiers

Univergties

NGOs

Development Banks

Consultants

Technology Vendors
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