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Abstract

Land occupation processes determine the growth of the urban sprawl in relation to the growth of the
population, and therefore, the lessening of negative impacts which arise from the cities expansion depends
on its adequate planning. Regarding land occupation processes, as part of the Sustainable Cities program,
the Mario Molina Center, with support from Conacyt (National Council of Science and Technology) and
Banamex, has carried out an exploratory study in search of a methodology for creating urban development
scenarios to facilitate informed decision-making and increase the quality of life in Mexican cities.

1 Introduction

During the last three decades, Mexican cities have
adopted disperse and inefficient urban development
models. Meanwhile, problems associated with
migration processes to cities have increased due to
weak management of the national territory and,
therefore, led to the conformation of fragmented,
diffuse, scattered and segregated cities. These cities
are characterized by low efficiency land use and, due
to their conformation, they are associated with an
increased consumption of natural resources.

Given that through urbanization processes, con-
sumption habits are established and the way we
evolve as a society is set up, planning of these
processes involves the unique opportunity to take
proactive decisions on urban welfare.

In this context, the Mario Molina Center with
support from CONACYT and Banamex, has carried
out an exploratory study which helps to understand
and visualize the economic and environmental conse-
quences of different development models in Mexico.

As a case study, this first methodological proposal
analyzes the city of Merida in the state of Yucatan,
and focuses on solving two questions:

1. How much does a disperse city cost compared to
a compact city?

2. What is the difference in terms of production of

greenhouse gases?

It is important to recognize that there are different
metrics to evaluate the cities’ performance; in this
study we sought to respond to the circumstances and
to facilitate understanding of the results of the differ-
ent actors involved. For the economic aspects, results
are presented in Mexican pesos, while for the envi-
ronmental impact assessment, special emphasis was
placed on emissions of greenhouse gases.

2 Methodology

The methodological proposal consists of four main
phases that, in simplified terms, solve the following
questions:

1. How adequate is land used today in Merida?

2. What will the population’s needs for land be in
the future?

3. Under what scenarios could those needs be met?

4. Which will be the environmental and economic
implications of these scenarios?

In the first phase we presented the measuring criteria
and the current situation was assessed. This phase
includes analysis of current land uses and urban de-
velopment plans of the municipality.

During the second phase, we established growth
projections based on statistical data. According to
projections from the National Institute of Statistics
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and Geography for the year 2030 [1], the municipality
of Merida will exceed a million inhabitants.

In the third phase, we created a hybrid model
from other methodologies that provides performance
projections for territory management (RapidFire [2],
Urban Footprint [2], Infrastructure Costs and Urban
Growth Management and The Energy and Emissions
Reduction Policy Analysis Tool [3]); this model is
brand new, it was designed from the adaptations,
simplifications and considerations thought needed,
so its application would respond to the current na-
tional reality. Subsequently, we created two growth
scenarios: one business as usual, which represents
the current expansive growth, and a visionary one,
which promotes efficient land use.

Finally, in the fourth phase, the results and their
implications in terms of costs and emissions of CO2eq
were evaluated.

2.1 Obtaining data

Based on geostatistical information, different urban
conditions were analyzed within the metropolitan
area (land value per neighborhood, resources con-
sumption patterns, socioeconomic aspects, land use,
etc.). In relation to this information, reference sites
were selected for each variable and, by overlapping
the different layers of information, a matrix was
completed with twenty elements. These reference
sites were identified as places that currently address
the needs of residential land.

Based on growth projections for 2030 and the
analysis of the current situation in Merida, the city’s
total area of growth was determined and therefore,
the total urban area for the business as usual and
visionary scenarios. In addition, we estimated
for each scenario the equivalent road surface and
the number of homes according to their location,
intraurban or periurban.

Once we established growth surface, road surface
and the required infrastructure, in addition to the
total of new intraurban and periurban households
for each scenario, it was possible to make an es-
timate of the costs and emissions of greenhouse gases.

Costs and emissions of CO2eq related to the house-
hold’s construction, development and maintenance

were contemplated, as well as the installation of
water, sewage and electricity networks.

Through surveys, we obtained an estimate of
traveled distances per capita and we identified the
means of transportation most used. This data
was multiplied by the conversion factor of covered
kilometer to CO2eq ton and the average cost per
covered kilometer to establish the economic and
environmental costs associated with each scenario.

Finally, we quantified the number of lights required
for street lighting and calculated the cost and emis-
sions in relation to energy consumption.

3 Results

3.1 Business as usual scenario

We analyzed costs in two groups: government costs
and costs to society or the final user. Thanks to
this classification we were able to identify the people
that are impacted at a greater extent in accordance
to the growth model. In the results, we observed
a considerable difference between the costs of the
business as usual and visionary scenario. Regarding
greenhouse gas emissions we also found significant
variations.

Within the relevant costs to government, we
consider the construction and maintenance of roads;
public lighting; and the cost that a house implies for
the government in terms of subsidies for transporta-
tion and electricity. Under the business as usual
scenario, the additional costs of this type of growth
amounted to over 1.1 billion pesos a year.

The costs considered for society are associated
with public and/or private transportation and to
costs related to the acquisition of property, including
land, construction, urbanization and the developer’s
profit margin. For the business as usual scenario, the
costs to society added to 8.88 billion pesos a year.

The total cost in the business as usual scenario,
including public and society’s spending, amounts to
over 10 billion pesos a year.

In relation to greenhouse gas emissions, CO2eq
emissions associated with transportation, construc-
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Figure 1: Schematic illustrations of the business as usual and visionary growth scenario’s

The diagram illustrates the city’s proportion of growth; but is not representative of the specific location of new housing.

tion, urbanization, housing maintenance and use of
energy for street lighting total 20.25 million tons of
CO2eq.

3.2 Visionary scenario

Unlike the business as usual scenario, where housing
surface occupies 85% of the territory, the visionary
scenario proposes that housing surface represents
70% of the total growth area1.

Regarding its configuration, the visionary scenario
assumes a higher percentage of vacant land, 30%.
Consequently, the results of the type of occupation
vary considerably: the visionary scenario does
contain 92% of its growth within the urban sprawl.
While the projected surface of growth for the busi-
ness as usual scenario totals 2 863 acres, the area of
growth in the visionary scenario totals 1 463 acres.

1Indeed, the guidelines of Article 73 of the Housing Act state
that residential uses shall not exceed 70% of the remaining land
use.

In the visionary scenario most of the households
are located in intraurban land, so that the existing
infrastructure is used and costs are significantly
reduced. By being closer to the workplace, public
transportation spending also decreases. Likewise,
while the commute time is lower, the labor produc-
tivity grows and the quality of life improves.

In terms of costs to the government, the result rep-
resents almost half of the additional annualized cost
to the business as usual scenario, ie, 660 million pesos.

In relation to the costs to society, these amount
to 6.2 billion pesos. The difference is not significant
compared to the business as usual scenario, of 8.88
billion pesos, because the costs associated with
housing construction do not present significant
variations in relation to its location, whether inside
or outside the city. Furthermore, it is notable
that the visionary scenario carries social benefits
that significantly improve the residents’ quality of life.

In the visionary scenario, the total cost increase to
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government and society is an additional 6.95 billion
pesos, ie 30% is reduced compared to the business as
usual scenario.

In terms of greenhouse gas emissions, CO2eq
emissions are reduced by 40% from 20.25 million
tons of CO2eq in the business as usual scenario, to
11.88 million tons of CO2eq on the visionary scenario.

Figure 2: Total costs for selected concepts in the busi-
ness as usual and visionary scenario
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4 Discussion

This study explores a methodology that allows
projecting scenarios of economic and environmental
performance regarding public policy in Mexican
cities, which has allowed us to recognize oppor-
tunities and challenges for implementing national
equitable and efficient land use models.

In the cases compared, we can see a significant
cost reduction in the visionary scenario. Regarding
total costs, this reduction represents almost a third
of the costs of the business as usual scenario. The
difference regarding the costs to the government
is noteworthy: these are reduced by about 50%

Figure 3: Annual emissions for selected concepts in
the business as usual and visionary scenarios
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with the visionary model. Also we observed in
the visionary a reduction of about half of CO2eq
emissions in regards to the business as usual scenario.

It is possible to strengthen the methodology in
order to make it a useful and reliable tool in public
decision making. However, it is still necessary to
integrate the following aspects: we should thoroughly
address the inherent social impact of the two types
of growth and include implementation strategies in
public policies for the three levels of government.

The conclusions described here motivate chan-
neling efforts to improve current methods. We
recommend integrating to the calculation procedures
tools and databases that have already been created
by other institutions and, above all, to link the
model’s output variables to the needs of current
public policy. For this, we would need to define a col-
laborative scheme between government institutions
and civil organizations.
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