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Abstract

The objective of the research summarized here is contributing to the design of a land policy aimed
at reducing exposure to air pollutants for the population living or transiting through the Low Emission
Zone (LEZ) in the City of Cuernavaca. To do this, we generated the baselines of mobility patterns and
emissions, and we recommended vehicle restriction measures complemented with mechanisms that promote
low environmental impact mobility, such as pedestrian and bicycle infrastructure, measures to improve
environmental performance and quality of public transportation, as well as disincentives for private car use,
including parking meters and dissuasive public parking rates. The implementation of a low-emission zone
(LEZ) in Cuernavaca is not only feasible but desirable; nevertheless, it must be accompanied by changes in
the area in at least three dimensions: institutional, infrastructure and citizen participation. These measures
must gradually cover the whole metropolitan area to have a positive impact on the city’s air quality

1 Introduction

One of the issues that has imperatively positioned
itself in the cities’ environmental agenda is air
pollution, mainly due to its profound damages on
human health. To counter this phenomenon, in the
international arena, a series of policies have been
implemented aimed at reducing emissions in the
transportation sector –which represents the main
source of urban polluting emissions-, among which
Low Emission Zones (LEZ) standout.

LEZ are polygons where the circulation of motor
vehicles (private cars, taxis, motorcycles and freight)
is limited depending on each type of emission. This
policy has yielded positive results in terms of reduc-
ing emissions and exposure to pollutant1 , because
on one hand it encourages a significant reduction in
traffic and on the other, the renewal of the vehicle
fleet.

When LEZ polygons represent a significant frac-

1For example, within Germany’s LEZ, there have been re-
ductions of PM10 emissions between 7.3 and 9.8% (Wolff H.,
2010).

tion of the total surface of the metropolitan area; the
measure may have significant positive effects on air
quality. In any case, ecozones2 (or congestion charge
zones) serve as laboratories to test public policies that
can be gradually implemented throughout the terri-
tory of a metropolitan area.

2 Objetives

The objective of this project is to generate the base-
line of mobility patterns and emissions for Cuer-
navaca’s LEZ, and then go one to assess the envi-
ronmental benefits of imposing vehicle restrictions for
the downtown area. Likewise, implement complemen-
tary actions that promote low environmental impact
mobility.

3 Methodology

To meet the objective, the following four studies were
conducted: 1) a baseline survey on mobility patterns
and emissions; 2) a site analysis on the pedestrian,

2Name the Environmental Commission of the Megalopolis
(CAMe) gives to LEZ.
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bicycle and vehicular infrastructure; 3) an analysis
of parking supply, and 4) a study of frequency and
visual occupation of public transportation.

To obtain the mobility baseline, we designed and
applied a survey to 1,000 people, where we addressed
issues such as mobility patterns and perceptions
regarding air quality and possible circulation re-
strictions for polluting vehicles. For calculating the
emissions baseline we used traffic information at the
disposal of the Mobility Department of the State of
Morelos, emission factors from the 2013 National
Emissions Inventory drafted by INECC (National
Institute of Ecology and Climate Change), and the
composition of the vehicle fleet from the State of
Morelos, provided by the Ministry of Sustainable
Development. Subsequently, a modeling exercise was
carried out to estimate the concentration of pollutant
emissions in the air at road level, using the Aria
City program. This model was used to compensate
the lack of time series data on the concentrations of
different pollutants.

The Aria City program estimates concentrations
from the observed traffic flow, average emission
factors at a national level, weather conditions3 and
characteristics of urban design (topography and
buildings). In the future, data from this model
should be compared with measurements made with
stationary equipment.

For the in-site analysis we walked within the
polygon to identify deficiencies on the state of the
roads, sidewalks, signals and pedestrian and bicycle
infrastructure.

In the study of supply of public parking lots, for
the 48 establishments within the LEZ we obtained
information about rates, types of services offered,
property specifications, and volumes of vehicles
received.

Finally, in regards to the study of frequency and vi-
sual occupation of public transportation, we counted
the units of each route in two corridors -Hermenegildo
Galeana and Jose Maria Morelos y Pavon- as they
cross through the LEZ, identifying the type of vehi-
cle; the capacity of the unit; its occupation; time of
usage and route numbers.

3Temperature, direction, speed of winds and precipitation
data were employed.

4 General results

Cuernavaca’s LEZ is located in the center of the city
and covers an area of 2 km2, with a population of
27,000 people interacting daily in this space (6,000
residents and 21,000 employees). It borders to the
north with Arista y Clavijero Street; to the east with
Clavijero, Francisco Zarco and Humboldt streets; to
the south with Francisco Leyva, El Monte Alban and
Oaxaca streets; and to the west with the Morelos and
Alvaro Obregon streets.

4.1 Mobility and emissions baseline

The first finding which stands out is that the area is
full of frequent travel. 75% of residents and 64% of
non-residents claimed to visit it daily, to work (48%),
shopping (20%), study (11%) and recreation (8%).
The transportation mode, in order of importance,
is as follows: microbus or van (37%), bus (22%),
private car (8%), taxi (3%) and walking (30%).

From the date above, what stands out is the
significant percentage of travel made on public
transportation, despite that just over 80% of the
people surveyed rated the service regular to very bad.

Bicycles however, are a transportation mode used
scarcely, which according to survey results is due to
travel distances, the fear of an accident and terrain
slopes.

In turn, walking has a significant weight in the
modal options, although people surveyed said side-
walks were too narrow to walk (26%) and filled with
numerous obstacles (19%).

Walking is limited to a micro scale, since there
is a significant interaction between the downtown
district and surrounding neighborhoods, all within
the Municipality of Cuernavaca. Most trips are
generated within the same municipality (80%).
With regards to private cars, there is no policy to
discourage their use; on the contrary, for example,
there has been a proliferation of low-cost parking,
both public and private, with average rates of only
12 pesos per hour.

In relation to vehicle emissions, it is estimated
that trips by vehicles generate emissions illustrated
in Table 1. Among the most affected roads are:
Jose Maria Morelos y Pavon, Hermenegildo Galeana,
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Table 1: Estimated vehicle emissions in Cuernavaca’s
LEZ, 2014

Source: Mario Molina Center.

Benito Juarez, Francisco Leyva, Ignacio Rayon,
Gutenberg, Miguel Hidalgo, Fray Bartolome de las
Casas and Mariano Abasolo (see Map 1).

Given the above, the following recommendations
were made:

1. Improve the frequency intervals and environmen-
tal performance of public transportation.

2. Implement actions to discourage the use of pri-
vate vehicles in the area, and improve the envi-
ronmental performance of the vehicle fleet.

3. Transform and improve pedestrian and bicycle
infrastructure, with the intention of maintaining
the percentage of people who walk within the
LEZ, and increase the number of visitors entering
by bicycle.

The elements that justify these recommendations
are presented below, and their details are broadened
as well.

4.2 Frequency study and visual occupation for public
transportation

This work allowed us to document the important
oversupply of public transportation units. In the four
observation points we mostly recorded occupancy
levels of less than 15 passengers. In some cases, an
offer was estimated up to 5 times the amount of trips
demanded.

In addition to this, we detected vehicles without
license plates with overlapping plates or no eco-
nomic number, which could be due to the presence of
irregular units. The obsolescence of much of the vehi-

Table 2: Estimation of pollutant concentrations - de-
rived from vehicle emissions- in a scenario with re-
striction to freight transportation to night time

Source: Mario Molina Center.

cle fleet was noted, as 59% has exceeded its lifespan4 .

In this context, we recommend reordering public
transportation routes to reduce oversupply; define
stops for picking up and downloading passengers; re-
new the vehicle fleet towards less polluting technolo-
gies and retire from circulation (scrappage) units that
have exceeded their lifespan, as well as implement
technological services such as prepaid cards or GPS
tracking systems to optimize frequency intervals to
improve efficiency, service quality and profitability.
In addition, we recommend carrying out an Origin-
Destination survey with metropolitan coverage in or-
der to produce integrated mobility strategies from it.

4.3 Vehicle restrictions

To reduce traveling by private car and encourage
improvement of the vehicle fleet’s environmental
performance, we proposed strengthening the vehicle
inspection program through its connection with the
LEZ. This can be achieved by restricting circulation
of vehicles without verification, or visibly polluting
within the LEZ.

Establishing a night time access to the LEZ for
freight is an additional measure to reduce pollutant
emissions, especially particulate matter, during the
day, which would generate less exposure of the
population to this contaminant. In this scenario, we
estimate that the concentration of PM10 during the

4It includes all units with more than 10 years of age.
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day could be reduced by 8%, from 4.4 to 4.1 µg/m3

(see Table 2), according to the results given by the
Aria City model.

4.4 Supply analysis of parking lots

The supply of public parking lots is one of the main
incentives for traveling in private cars to the LEZ.
The cost of this service ranges from 8 to 18 pesos per
hour, while it ranges from 25 to 170 pesos per day.
Instead, the whole month tariff starts at 300, and
the highest rate is 2,730 pesos per month.

According to the turnover rate5 (IR=0.9) there is
a high inefficient use of space; on average, a parking
space is occupied only once per day. Since urban
space is a valuable resource where pedestrians and
cyclists should be given priority, regulating tariffs
for parking services is recommended, at least in the
first 400 meters from the LEZ so that they are more
expensive and promote non-motorized transporta-
tion. We also recommend the installation of parking
meters as a measure of encouraging rational use of
cars, and regulate disorder and inequity in the use of
public space.

4.5 Site analysis of the pedestrian and bicycle infras-
tructure

We evaluated the state of sidewalks, roads, signals
and road safety conditions among other things, for
each of Cuernavaca’s Historic Center road segments.
According to the observations made, the state of the
road segments was rated fair to good, at least in 65%
of its length. By contrast, 37% requires some kind of
intervention, such as widening sidewalks or creating
safe crosswalks.

Sidewalks within the polygon require an important
intervention: 76% of the sections were rated fair to
poor, and in 6% of these we found no sidewalks.
In addition, there are three more areas of urgent
attention: on one hand, just over 70% of the analyzed
segments we found unsafely road conditions related
to pedestrian mobility; unsafe crossings and lack of

5The turnover rate corresponds to the number of times each
space is occupied. The result is an intensity reflection of the
use of spaces in parking lots and the business model of each
establishment.

traffic lights.

On the other hand, universal infrastructure access
is virtually nonexistent inside the polygon. Even
when some streets have ramps, they are generally
limited, leading to ongoing risks to people moving
in wheelchairs, crutches or walkers. In this regard,
we made proposals for a pedestrian network and a
universal access circuit to the historic center; and
priority intersections were identified in relation to
road safety.

Finally, we underline the lack of bicycle infras-
tructure, consistent with the perception of people
interviewed about this transportation mode. The
area of opportunity of this mode of transportation is
important, if one takes into account that at least a
quarter of the people surveyed have made their most
frequent trip on bicycle.

In summary, this analysis illustrates the inequity
between the infrastructure destined for motor vehi-
cles and that dedicated to pedestrians and bicycles,
the latter being the one that receives less attention.
In this regard, we recommend generating a detailed
assessment of the need for investment in pedestrian
and bicycle infrastructure.

5 Conclusions y recommendations

From the study, we confirm the need and feasibility
of implementing a LEZ for the City of Cuernavaca.
This policy demands complementary actions in at
least three fundamental dimensions:

Institutional: including regulatory actions, through
which traffic flows in the area are limited and pri-
ority is given to non-motorized modes and public
transportation. Within this area we consider the
reorganization of public transportation and its up-
date, in order to provide a decent, efficient and clean
mobility option. It also includes the implementation
of measures to discourage the use of private cars,
such as dissuasive parking lot and parking meters
fees. Finally, the necessary adjustments should be
made to enable alternate circulation roads, in order
to relieve the downtown area from transit that is just
passing by.

Infrastructure: considering that the regulatory
measures should be accompanied by the necessary
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investments to improve the environment and invite
people to explore the LEZ in non-motorized modes.
This involves repairing and widening sidewalks as
well as creating pedestrian corridors and having
appropriate signals to ensure the tranquility and
safety of all pedestrians, particularly those with
disabilities and using bicycles.

Citizen participation and awareness: taking into
account that citizens cannot remain on the sidelines
from the changes that are being made to their envi-
ronment. Therefore, we suggest starting a campaign
to spread the main benefits of LEZ. This since citi-
zens’ participation can help ensure the continuity of
public policies, particularly those involved in the en-
vironment where they operate daily.

The gradual implementation of these measures in
the entire metropolitan area of Cuernavaca will allow
an impact in improving air quality in the long term.

6 Future lines of investigation

Among the pending actions to implement a LEZ in
Cuernavaca are the following:

1. Study to redefine routes, fleet size and frequency
intervals of public transportation.

2. Metropolitan Origin-Destination survey.

3. Vehicle restriction scenarios based on the vehicle
inspection database.

4. Study of road capacity for the installation of
parking meters.

5. Bicycle Mobility Study.

7 References

Bibliography INECC (2013). Inventario Nacional de
Emisiones de Gases de Efecto Invernadero. Mexico,
Instituto Nacional de Ecologia y Cambio Climatico.

Wolff H. P. & Perry, L. (2010) Fresh air: low emis-
sion zones and adoption of green vehicles in Germany.
Working Paper. University of Washington.

5



Figure 1: Estimated concentrations of PM10 by mobile sources, LEZ Cuernavaca

Source: Mario Molina Center.
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