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Executive Summary

As part of the program for Sustainable Cities, the Mario Molina
Center with support from CONACYT and Banamex has
carried out an exploratory study to build a methodology

that will allow creating urban development scenarios. The main
objective is to produce calculation tools in order to help under-
stand and visualize the economic and environmental consequences
of the cities’ different growth models. The study includes esti-
mates on costs and greenhouse gas emissions associated with
different scenarios of urban growth. As a case study for this
first proposal, we analyzed the city of Merida in the state of Yu-
catan; however we’ve contemplated the replicability of the model
in other cities.

Based on an analysis of existing models, a hybrid model was de-
veloped between two methodologies. The UrbanFootprint and
RapidFire models from Calthorpe Associates, and the Infrastruc-
ture Costs and Urban Growth Management study from Sustain-
able Cities International. Two growth scenarios were generated:
one business as usual -following the current expansive growth
trend- and a visionary one -which fosters efficient land use-.

Costs were analyzed in two groups: government costs and costs
to society or to the end user. With this classification it was possi-
ble to identify those actors who are impacted the most as a result
of one growth model against another. Results show a significant
difference between the costs of the business as usual scenario
and the visionary scenario. In addition, in regards to greenhouse
gas emissions, significant variations also occur.

Regarding the case study, in Merida, the conditions observed
suggest that urban planning of the last decades has led to a dis-
persed, segregated and uncontrolled development. However,
it was also possible to recognize areas of opportunity for imple-
menting public policy to facilitate orderly and efficient occupation
of urban land.

The methodology proposed in this study could be strengthened
with the purpose of applying it to decision making process. It will
be necessary to complement it so that: issues related to social
impact of both types of growth are thoroughly addressed and
so it includes public policy implementation strategies in the three
levels of government.





CHAPTER1
Introduction

Nowadays, there is a global trend of urban population growth accentuated mainly in developing
countries. Migration to cities has environmental, economic and social challenges in the process
of land occupation. One of the most relevant is the expansion of cities, which implies growth
of urban sprawl that exceeds the rate of population growth. We’ve observed in various studies
that expansive development models imply greater use of resources compared to the models of
compact cities, specifically by the demand for land per capita, by the extension of networks and
infrastructure and, above all, because they represent an increase in demand of transportation
for the inhabitants [1, 2, 3]. Additionally, the expansion processes lead to the displacement of
agricultural areas, the change in land use of conservation areas, the loss of recharge surfaces
for aquifers and social segregation, among others. Estimates show that the

entire urban growth since the
beginning of mankind until
the beginning of the XXI Cen-
tury, will double in the next
thirty years. Virtually all of
this growth will occur in un-
derdeveloped countries. [4].

Urbanization processes modify consumption habits, energy demand and, in particular, the
way in which we develop and interact as a society. These processes represent challenges but
also unique opportunities to make proactive decisions on planning that contribute to a more
efficient use of resources, emission mitigation and strengthening the adaptation processes to
climate change.

The urban sprawl in recent decades has led to the formation of fragmented, diffuse, scattered
and segregated cities. These cities have poor land use efficiency and, due to their configura-
tion they’re usually associated with an increased consumption of natural resources. Expanded
cities go hand in hand with greater travel time for its inhabitants, both in distance and com-
muting. The compact city -in contrast- has been presented in several studies [5, 6, 7] as an
alternative for increasing social welfare through viable economically solutions and less environ-
mental impact. “The Ministry of Social

Development (SEDESOL)
estimated that the pop-
ulation in Mexico’s urban
areas has doubled in the
past thirty years, while the
extent of urban sprawl
has grown, on average,
has grown ten times” [10].

1.1 Expansion of cities in Mexico

In Mexico, urban population increased from 42.6 to 77.8% from 1950 to 2010 [8]. In gen-
eral, problems associated with migration processes to cities have been accentuated due to
weak territory management, causing the rapid expansion of cities. Especially in the last three
decades, Mexican cities have adopted a disperse growth model, unable to attend basic social
problems such as scarcity, segregation and the risk to extreme weather events, among others.

If current urban policies foster such scenario, it is evident that there needs to be rethinking in
the concept of city and the administrative proceedings on which they are based.

In economic terms, neoliberal development in recent decades, driven by free market policies,
has caused the supply of land to become a determining factor within the logic of expansive
growth instead of intensive growth.
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Regarding the environmental aspect, it is important to recognize that there are different metrics
for evaluating the cities’ performance. In this study we put special emphasis on greenhouse
gas emissions because the current political context demands information on these terms. In
fact, the General Law on Climate Change and the Special Climate Change Program provide
the necessary policy framework for the development of low carbon solutions. Additionally,
Nationally Appropriate Mitigation Actions1 (NAMA) provide a methodological framework for
measuring, reporting and verifying the proposed actions, as well as international financing
schemes for solutions that contribute to reducing greenhouse gas emissions.In Merida, it’s possible

to extract water for the
public supply at an average
depth of ten meters, but it
cannot be used for human
consumption due to the
accumulation of pollutants;
therefore, the water that
supplies the population is
extracted from an average
depth of forty meters [11].

Considering this, if we want to facilitate informed decision making in Mexican cities, it is nec-
essary to generate information that takes into account the specific characteristics of each city
in order to project performance scenarios. From these scenarios it will be possible to build
proposals that increase inhabitants’ quality of life by means of economically viable solutions,
with low carbon and with an open, transparent and flexible methodology.

In this context, the Mario Molina Center, with support from CONACYT and Banamex, has
carried out an exploratory study to establish performance scenarios in cities to help understand
and visualize the economic, environmental and social consequences of different development
models. As a case study, this first methodological proposal includes the city of Merida from
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’s the difference in terms of greenhouse gas production between the two?

The progress of this research will allow us to understand the challenges for adapting to ex-
isting models in the Mexican context, limits on data management, and information needs by
government institutions and other stakeholders.

1.2 Case study: Merida, Yucatan
Merida’s metropolitan area
has an average population
density of 58 inhabitants
per hectare, while Mexico
City’s metropolitan area
has an average of 160
inhabitants per hectare [12].

The city of Merida is known for its cultural heritage and for being one of the country’s safest
cities. However, it also faces significant challenges on urban issues such as an accentuated
socio-spatial segregation, severe mobility problems and pollution of aquifers from the lack of
infrastructure for water treatment, among others. The solution to these urban challenges is
not easy, and it becomes even more complex when considering the population growth trend
and the city’s expansion.

This study explores alternatives for the creation of city growth scenarios and analyzes the
economic and environmental implications of the solutions proposed.

1.3 Building performance scenarios
Building performance scenarios allows us to identify areas of opportunity to contain cities,
address social issues, protect the environment and encourage economic development. Under
these considerations, a number of proposals have been developed in order to carry out this
type of analysis.

Some examples are described below:

• The RapidFire and UrbanFootprint models2 developed by Calthorpe Associates, allow
us to assess the impact of the decisions taken on urban development through environ-

1The Nationally Appropriate Mitigation Actions are transitional instruments to establish structural changes oriented
towards sustainability in developing countries.

2Scenario Planning Tools: RapidFire and UrbanFootprint. Calthorpe Associates.
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Figure 1.1: Location of Merida, in the state of Yucatan

Elaborated with data from INEGI, 2010 [8].

mental (CO2) and economic indicators. These models are constructed from the use
of Place-types. Unlike a conventional analysis of land use, the Place-type described
neighborhoods from its geometric, demographic characteristics and, depending on the
demand for resources and energy[13].

• The proposed model in the Infrastructure Costs andUrbanGrowthManagement (ICUGM)
guide, developed by Sustainable Cities International, allows us to understand the impact
of urban growth patterns on a city’s infraestructure costs3. The Study of Growth Patterns
impact in infraestructure cost: case study Los Cabos published by SEDESOL, uses the
Sustainable Cities methodology to project development scenarios in Los Cabos, in the
state of Baja California [14].

• TheEnergy and Emissions Reduction Policy Analysis Tool (EERPAT), developed by theUS
Department of Transportation, includes a model to assist American state transportation
agencies in the analysis of reduction of greenhouse gas scenarios4.

The models mentioned in previous paragraphs have different perspectives, but they convey in
the fact that they both provide performance projections for public policy on land management.

Table 1.1: Comparison between modeling tools

Model Scope Scope Scope Adaptation Required
of Costs of Emissions of Quality of life to Mexico investment (M$)

RapidFire x x Parcially Possible 10.4
UrbanFootprint x x Parcially Possible 45.5
ICUGM x – – Complete None (open methodology)
EERPAT x x – – None (open metodology)

Comparison between selected cities’ modeling tools, where ”x” means they include and ”-” means they do not
include or does not apply. The required investment (millions of Mexican pesos) applies only to those models that are
not public

However, we should mention that, like any model, they depend on a number of adaptations,
simplifications and considerations in order for them to be applied appropriately in different re-
gions. For example, the proposed model in the Infrastructure Costs and Urban Growth Man-

3Infrastructure Costs and Urban Growth Management. Sustainable Cities International 2012.
4The Energy and Emissions Reduction Policy Analysis Tool. US Department of Transportation.
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agement guide (ICUGM), quoted above, originally belongs to another context; nevertheless, it
can be successfully applied to Mexican studies.

In the case of Mexico, cities face specific challenges on planning matter and the political context
demands information to facilitate decision making. Under this approach, the models previously
mentioned represent an invaluable reference framework adapting or building tools that respond
to the current national reality.

In this project we used the models described in Table 1.1 as reference in order to explore the
implementation of a methodology that aligns the specific needs of Mexican cities under the
current political context.

1.4 Objetives

The main objective of this study is to propose a methodology which allows us to project per-
formance scenarios based on public policy used for land management in cities. As a case
study, the city of Merida, Yucatan is analyzed. Among the specific objectives are:

• Carry out an analysis of the city’s current urban situation.

• Identify trends and opportunities in urban land policy management.

• Develop a methodological proposal to assess different alternatives for the city’s growth.

• Identify limits associated with information management and application of existing mod-
els.

• Project growth scenarios which facilitate decision making.

1.5 Scope and limitations

Figure 1.2: Iterative process to adjust the scope

Schematic diagram of the iterative process by which the scope and limits of the system were adjusted.

As mentioned in previous sections, the main focus of this study centers on proposing a method-
ology for evaluating the cities’ performance. Figure 1.2 shows a schematic diagram of the
iterative process by which the limits and scope of the study were adjusted. As shown, the
process begins with the definition of goals and objectives, the analysis of available information
and criteria assessment. From interpreting the results, adjustments and modifications were
made in the previous stages.
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The results obtained from the case study allowed us to identify clear differences between
scenarios. However, it is important to recognize that this is an exploratory study, which is why
a statistically representative description of mobility patterns and the population’s consumption
is outside the scope of this stage of our research. Additionally, it’s important to mention that:

1. This stage includes economic and environmental performance indicators. However, in
subsequent phases we will include social variables.

2. The results of the field work to determine patterns of mobility in the city allowed us to ex-
periment with the methodological process, but these are not statistically representative.

3. The elements used to estimate carbon emissions and costs associated with each sce-
nario correspond to national average values, which can be refined or calibrated depend-
ing on the availability of information for other cities.
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CHAPTER2
Methodology

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

1. How adequate is land use in Merida today?

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

3. Under what scenarios could those needs be met?

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

During the first phase we present measuring criteria and we assess the current situation. This
phase includes analysis of current land uses and urban development plans of the municipality.
During the second phase, growth projections based on statistical data were established. From
that evaluation, during the third phase two growth scenarios were created: one business as
usual, which represents current expansive growth, and a visionary one, which promotes effi-
cient land use. Finally, the results and their implications in terms of costs and emissions are
evaluated. Figure 2.1 summarizes the four steps that make up the methodology.

Figure 2.1: Methodology

The methodology can be described in four main steps: current situation, growth projections, scenario building and
analysis of results.
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2.1 Current Situation

The analysis of the current situation was carried out through two basic steps. The first was
to determine which metric was the most appropriate for understanding the behavior of the
city, with which a number of measurement criteria were established. The second step was to
analyze different sections of the city and characterize them based on the measurement criteria.
The following sections describe each step.

2.1.1 Measurement Criteria

Measurement criteria were established to identify various urban behaviors in the city, basedR. Cervero has written
several articles on the
impact that Transit Oriented
Developments (DOTs) have
in terms of reducing trav-
eled vehicle miles and the
increase of travel in non-
motorized transportation
[15].

on the five dimensions of sustainable development or 5 Ds: density, diversity, design, (ac-
cessibility to) destination and distance (to public transportation)[15]; subsequently, they were
complemented by variables such as the use and utilization of resources and socio-economic
indicators.

Figure 2.2: Measurement criteria

Constant criteria apply to Merida’s entire metropolitan area. Relative criteria are those that respond to the
characteristics of a specific area of the city.

The criteria previously mentioned were divided, depending on their conditions, in constant or
relative criteria. Constant criteria are those that are obtained from an average of Merida’s entire
metropolitan area such as: socio-economic indicators, legislation and infrastructure costs.
Relative criteria are those that respond to the characteristics of a specific area in the city, for
example, housing density, land use mix, the level of mobility and urban configuration, among
others (see Figure 2.2).

Each measurement criteria consists of different indicators (see Table 2.1). To facilitate informa-
tion management in future projects, references for each indicator were recorded as well as the
mechanisms by which the information was obtained. Table 2.1 shows the criteria, indicators,
units and status information up to the date of publication of this document.
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Table 2.1: Estimated, obtained and required information for the project

Criteria Indicator Units Reference Status
Density Housing density 𝐻𝑜𝑢𝑠𝑒𝑠/ℎ𝑎 [16] A

Floor area ratio % [16] A
Construction leves # NA B

Diversity Mix of land use SIG [16, 17] C
Intraurban land usage SIG Reference sites D
Mix of housing type SIG NA E
Inventory of urban facilities SIG [16, 17] C

Mobility Walkability SIG Field sampling D
Public transportation routes SIG NA B
Work place distances SIG Field sampling D
Commuting time SIG Field sampling D
Motorization rate SIG [18] A
Distance traveled by person SIG Field sampling D

Configuration Average parcel size 𝑚2 Reference sites A
Average block size ℎ𝑎 Reference sites A
Road surface % Reference sites C
Green areas or public spaces ℎ𝑎 Reference sites C
Green area per inhabitant 𝑚2 Reference sites C
Number of intra-urban vacant lots # Reference sites C

Use of resources Average water consumption 𝑙/ℎ𝑎𝑏 ∗ 𝑎 [19] A
Average energy consumption 𝑘𝑊ℎ/ℎ𝑎𝑏 ∗ 𝑎 Reference sites C
Average gas consumption 𝑙/ℎ𝑎𝑏 ∗ 𝑎 Reference sites C
Percentage of treated water % NA B

Socioeconomic Employment SIG [17] A
Indicators Land value $/𝑚2 [20] A

Level of segregation SIG [18] A
Percentage of vacant houses SIG [18] A

Costs of Roads, public works and services $/𝑎 [22, 21] C
infraestructure Cost of operation and maintenance $/𝑎 [22, 21] C

Annual public income and expenditure $/𝑎 [28] A

References for each measurement criteria indicator. Status abbreviations correspond to: A for information that was
obtained, B for information that was not obtained for not having access to it, C for information which was estimated
by not being obtained based on field sampling and/or reference sites, D for the information that is non-existent and
was estimated based on field sampling and/or reference sites, E for information that was not obtained as it was
nonexistent.
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2.1.2 Selection and classification of place-types

Referring to section 1.3 of this document, Calthorpe Associates’ methodology builds its Rapid-
Fire and UrbanFootprint models from the definition of characterized areas in the cities called
place-types [13]. This study takes as reference the same method to recognize places-type
defined as a city’s portion whose measurement criteria (see section 2.1.1) are distinguished
from the rest.

Place-types include buildings, streets and public spaces, and they’re defined based on parcel
sizes, block sizes, density, mixed land uses, population, housing, employment opportunities
and street intersections ratio. The values are normalized to one hectare to facilitate compar-
isons. Unlike Calthorpe Associates’ methodology [13], which divides the city completely place-
types, in this methodology place-types are only recognized when can meet the land needs of
a growing population (this is described in more detail in Section 2.2). Selection procedures,
characterization and classification of place-types are described in the following paragraphs.

1. Selection
Based on geostatistical information different urban conditions within the metropolitan
area were analyzed, among which we included: land value per neighborhood, resource
consumption patterns (specifically water consumption), socio-economic factors (in which
marginalization indexes and motorization rates were used as main indicators) and land
use, among others. With this information reference sites were selected for each vari-
able and, when layers of information were superimposed , a matrix was completed with
twenty elements. These reference sites were identified as those currently serving the
land needs, regarding mainly to housing.

2. Data Collection
To complement the information of reference sites and calibrate the obtained data from
the previous section, field information was collected, specifically in relation to the con-
sumption of resources (water, gas and electricity) and transportation demand (distance
to workplaces, time, travel mode and cost).

3. Clasification
Upon completion for each place-type indicator, a comparison between them was madeThe Chernoff Faces tech-

nique offers advantages in
presenting variables in the
form of faces, thus facilitating
the recognition and percep-
tion of small variations [29].

using the Chernoff Faces Analysis [29]1. Six different categories (see Figure 5.1) were
generated, which were subsequently grouped into two types according to their intra-
urban or peri-urban condition.

2.2 Growth Projections
As earlier explained in this chapter, a fundamental input to the model’s development is the
projection of population growth. For this study the municipal projections by the National Pop-
ulation Council for the year 2030 [9] were used. According to these projections, the city of
Merida in 2030, will exceed one million inhabitants (see table 2.2).

Table 2.2: Population projections for the city of Merida

2010 2030 Increase
Population 830,732 1,038,488 207,756

Elaborated with data from CONAPO 2013 [9].

1Graphical representation technique created by Herman Chernoff whereby multiple variables are presented in the
form of human faces.
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2.3 Building Scenarios
Once growth projections and analysis of the current situation were obtained, it was possible
to build scenarios. In this case, two scenarios were created: one business as usual, and a
visionary one. The methodology used for the elaboration of scenarios was based on the model
of Sustainable Cities [14] (see section 1.3).

2.3.1 Growing surface area

From the mentioned projections in section 2.2 we calculated the growing surface area.

First of all, the total number of new homes (Vn) required for the projected population was
calculated. This data was obtained from the population increase (Ip)-estimated by sub-
tracting the current population from the projected population-. Such population increase was
divided by the average population per household (Hv), which in this case is four [8], and
so the total number of new housing units was calculated.

V𝑛 = I𝑝
H𝑣 (2.1)

Subsequently, the total of new housing (Vn) was divided by the percentage of occupation of
each residential land use (UsoH) to obtain the number of houses per land use (VnUsoH).

V𝑛𝑈𝑠𝑜𝐻 = V𝑛
U𝑠𝑜𝐻 (2.2)

Afterwards, we divided the number of homes from each residential land use (VnUsoH)
between land use density (DUso)2 and the area was determined by land use (SUso) in
hectares, as shown in the following equation:

S𝑈𝑠𝑜 = V𝑛𝑈𝑠𝑜𝐻
D𝑈𝑠𝑜 (2.3)

Finally, to estimate the total area of housing growth (StCH), we added the occupation
area of each residential land use (SUso).

S𝑡𝐶𝐻 = ∑ S𝑈𝑠𝑜 (2.4)

This total was divided by the percentage of total occupation of residential land (SH), and
we obtained the total growing surface area (StC).

S𝑡𝐶 = S𝑡𝐶𝐻
S𝐻 (2.5)

2.3.2 Proportion of intra-urban or peri-urban land occupation

Once the total growing surface area (StC) was determined we were able to obtain the intra-
urban occupation area (SoI) or peri-urban (SoP) and hence the total urban area (SuT)
for each scenario. To accomplish this, we calculated the proportion of area of vacant lots on
the total urban area, based on an average from the results of places-type.

2Obtained from the National Urban Development Program [16] or from the density observed in reference sites.
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To obtain the expansion area it was necessary, in first place, to know the intra-urban land oc-
cupation (SoI); which, by taking advantage of vacant lots (LB), could contain a high growth
percentage. The intra-urban occupation area (SoI) was estimated by multiplying the total
area of vacant lots (StB) by their percentage of usage (LB) 3.

S𝑜𝐼 = S𝑡𝐵 × l𝐵 (2.6)

Afterwards, to estimate the peri-urban occupation area (SoP), or expansion, we subtracted
the intra-urban occupation area (SoI) from the total growing surface area (StC) for each
scenario.

S𝑜𝑝 = S𝑡𝐶 − S𝑜𝐼 (2.7)

Finally, we obtained the total urban area projection (SuT), for the year 2030, by adding the
peri-urban occupation area (SoP) and the current urban area (SuA) for each scenario.

S𝑢𝑇 = S𝑜𝑃 + 𝑆𝑢𝐴 (2.8)

After obtaining the occupation areas –intra-urban, peri-urban and total (SoI, SoP and
SuT)- different needed values were estimated to calculate costs in infrastructure and housing
such as: equivalent area to roads and the number of intra-urban and peri-urban households.

To estimate the number of intra-urban households (VI) and peri-urban (VP) we multiplied
the representative percentage (R) of intra-urban growth (SoI) and peri-urban (SoP) by
the total number of new homes (Vn).

V𝐼 = R 𝑆𝑜𝐼 × V𝑛 (2.9)

V𝑃 = R 𝑆𝑜𝑃 × V𝑛 (2.10)

Finally, to obtain the increase of road surface (ISVial) required for each scenario, we esti-
mated a relative proportion to the average percentage of road surface (SVial) 4 in the place-
types and multiplied it by the total growing surface area (StC).

I𝑆𝑉 𝑖𝑎𝑙 = 𝑆𝑣𝑖𝑎𝑙 × S𝑡𝐶 (2.11)

2.4 Obtaining results: costs and emissions

Once the growing surface area was established, as well as the road surface and required
infrastructure and the total new intra-urban and peri-urban homes for each scenario, it was
possible to estimate the costs and emissions.

3This percentage varies for each scenario, as shown in Section 3 of this document.
4This percentage varies for each scenario, as shown in Section 3 of this document.
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2.4.1 Methodology for estimating costs

For this estimate, the costs were divided into: those absorbed by the government and those
absorbed by society/end user. Costs were obtained primarily from two sources: the construc-
tion cost Appraiser from Bimsa Reports [21] and the study made by the Mario Molina Center
”Housing location as a strategic factor for its environmental, economic and social performance”
[22]. The costs that correspond to government are presented next:

• Secondary roads with asphalt concrete pavement with two lanes on both directions, with
a total of twenty meters of road section: $425,880 pesos per km [21].

• Public lighting network of high and medium density5: $383,468 pesos for 67 lights con-
sidered for one km6 [21].

• Road maintenance: $ 350 pesos per km per year [14].

• Costs related to public and/or private transportation per house, considering diesel and
gasoline subsidy by the government, in relation to the miles traveled and the mode of
transportation used by the population surveyed. The cost of peri-urban housing was es-
timated in $30,322 pesos per household per year, and for intra-urban housing, $17,014
pesos per household per year [22].

• Electricity costs from public lighting. We obtained an average consumption per light
according to the location of the household. For peri-urban homes the cost was $4,096
pesos per household per year and for intra-urban the cost was $2,048 pesos per house-
hold per year [22].

Costs considered to society are related to public and/or private transportation and to costs
associated with buying a home. These are detailed below:

• Public and/or private transportation costs from the study’s surveys mentioned before
[22]. For peri-urban households we considered a cost of $18,216 pesos per year and
for intra-urban $5,819 pesos per year.

• Costs related to land acquisition, based on the Federal Mortgage Society values [23].
The average value of land resulted in $638 pesos per 𝑚2 for intra-urban housing and
$278 pesos per m2 for peri-urban. Subsequently, this value was multiplied by the land’s
𝑚2 of each house. For intra-urban housing a land of 324 𝑚2 7 was chosen, however this
area is considered to be a 3 storey housing and may house 12 homes, so each house
would get 27 𝑚2 of land. On the other hand, for peri-urban housing we considered
a land for low-income housing of 141.75 𝑚2 8, but in this case it only has one home.
The total cost of land for intra-urban housing was $17,226 pesos, while for peri-urban
$39,406 pesos.

• Housing construction costs. For peri-urban cases the amount is $191,828 pesos per
household per year and for the intra-urban $158,748 pesos per household per year [22].

• Housing urbanization costs9. For peri-urban housing, $36,279 pesos per year and for
intra-urban housing $7,358 pesos per year [22].

5Includes foundations for poles, electrical connections and tests
6With an average separation of fifteen meters between each of them.
7Based on the study ”Assessment on Housing Sustainability in Mexico” [24] developed by the Mario Molina Center.
8Ibidem.
9Includes: Induction line, potable water network, drainage network, sewerage and electricity.
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CHAPTER 2. METHODOLOGY

• Costs related to the constructor’s profit 10. For peri-urban housing $17,263 pesos per
year and for intra-urban $15,632 pesos per year [22].The net present value, is

a procedure that allows
us to calculate the present
value of a given number of
cash flow to be made in the
future, caused -mainly- by a
previous investment.

All the costs listed in this section were calculated in net present value (NPV) based on 2010.
These costs were multiplied by the number of households and the road surface required an-
nually; the sum of this result, by 2030, represents the total number of households and road
surface required during the analyzed period (2010-2030).

2.4.2 Methodology for estimating 𝐶𝑂2 emissions

To estimate 𝐶𝑂2 emissions we took into account transportation, housing production and pub-
lic lighting categories. Subsequently, we estimated the total emissions generated in the 2010-
2030 period, by accumulating generated emissions per year.

Below, we especify the criteria considered:

• 𝐶𝑂2 emissions associated with public and private transportation for intra-urban and peri-
urban households. From field surveys we obtained an estimate of the average distance36% of 𝐶𝑂2 emission pro-

duced in Yucatán originate
in the transportation sector
[27].

traveled by heads of families, according to the mode of transportation (public or private).
For intra-urban households we considered the use of public transportation (adding a ton
of 𝐶𝑂2 per household per year) 11, and for peri-urban the use of private automobile
(adding 1.5 tons of 𝐶𝑂2 per household per year)12.

• 𝐶𝑂2 emissions associated with the production of materials, construction, urbanization
and housing’s maintenance. For peri-urban housing we considered thirty-six tons of
𝐶𝑂2 per year and for intra-urban nineteen tons of 𝐶𝑂2 [22].

• 𝐶𝑂2 emissions associated to electricity consumption from public lighting. We estimated
0.08 tons of 𝐶𝑂2 per lamp post per year [22].

10It is estimated at nine percent of the total construction cost.
11To obtain the public transportation emission factor we used the data base from Mexico City’s Coordination of

Energy Efficient Use (2009) and the Action Plan for Energy savings and Efficient Use.
12For private transportation emission factor we used the estimated data by the Mario Molina Center for Mexico City

using the ”Mobile V.6” software owned by EPA (www.epa.gov/otaq/mobile.htm)
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CHAPTER3
Results

In this section we present the results of the methodology described previously, and given the
outcome we estimate the business as usual and visionary scenarios.

Although both scenarios are based on the same population and housing projections, we will
later see that the results differ considerably. This is mainly due to two factors: the intensity
of the proposed land use and the proportion of intra-urban and peri-urban land according
to the case. Factors such as housing density per hectare and the percentage of intra-urban
vacant-land use were fundamental in achieving a reduction of the growing surface area on the
visionary scenario.

The difference between the scenarios presented below lays primarily in the location of the
housing that will be required by the population in the year 2030 (see section 2.2) and whether
it is located within or outside the current city limits.

3.1 Measurement criteria to assess the current situation

3.1.1 Selection and classification of place-types

The selection of place-types was based on an urban analysis of the city of Merida using Ge-
ographic Information Systems (GIS). Each measurement criteria is represented as a layer of
geo-referenced information and when overlapped with others, we identified locations with rep-
resentative features. We determined the twenty most representative place-types throughout
the city (see Figure 3.1) and carried out field surveys in each of them to complete the mea-
surement criteria indicators.

The lack of place-types in the city’s historic downtown center is notable; this is due to two
main factors. First, the center features unique urban behavior due to its historic configuration
and due to its commercial and services nature, so we were unable to identify sections of the
city with the same characteristics. Second, the study focuses on the analysis of residential
areas, so downtown is not representative.

The place-types classification was based on the comparison and differentiation of each case.
As mentioned in section 2.1.2, the Chernoff faces methodology was used to identify groups of
similar characteristics (see 5). Six different categories of place-types were created (see Table
3.1), among which we identified two types of location: intra-urban and peri-urban.

3.2 Growth Projections
Both scenarios share the same population projections (see Section 2.2 and Table 2.2). The
results of that projection represent an increase of about 200,000 new residents, which is -
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Figure 3.1: Place-types

LEGEND

Urban A

Central equiped

Urban B

Urban C

Periurban A-B

Periurban C

Urban fabric

Place-types classification

Elaborated using INEGI’s cartographyi [18].

considering an average of four people per household [8] - more than 50,000 additional homes
(see Table 3.2).

The housing projections proposed here were compared with results of the study ”Metropolitan
Merida. Complete Development Proposal” [25], in which, an estimate was made based on
CONAVI’s housing projections and CONAPO’s population projections, obtaining an estimate
of 3,500 new homes per year.

3.3 Business as usual scenario

3.3.1 Growing surface area

To estimate the growth surface area of the business as usual scenario, current housing density
was evaluated, established within Merida’s Urban Development Programa [16],which states in
its land uses the maximum housing density allowed per hectare. However, when analyzing the
obtained densities from the place-types, we observed that they remain below the established
level, reaching a maximum number of thirty-three households per hectare, in cases where
seventy houses were allowed (see table 3.3).
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Table 3.1: Place-type Classification

Categories Neighborhood Type
Intra-urban class A Altabrisa Intra-urban

Mexico Norte Intra-urban
Col. Mexico Intra-urban
Campestre Intra-urban
Chuburna Intra-urban
Fco. Montejo Intra-urban

Equipped Central Centro Intra-urban
Mayapan Intra-urban
Centro 2 Intra-urban
Dolores Otero Intra-urban

Intra-urban class B Yucalpeten Intra-urban
Vergel II Intra-urban
Lindavista Intra-urban

Intra-urban class C Obrera Intra-urban
Serapio Rendon Intra-urban

Peri-urban class A-B Cd. Caucel Peri-urban
Americas Peri-urban

Peri-urban class C San Haroldo Peri-urban
Emiliano Zapata Sur Peri-urban
Dzununcan Peri-urban

Classification by place-type categories, where Intra-urban class A represents areas of high socioeconomic status
and with all of the public services; Central Equipped represents central areas of middle socioeconomic status with
access to all of the public services;Intra-urban class B represents an area with medium socioeconomic status with
all the public services; Intra-urban class C is a low socioeconomic status with all the public services; Peri-urban
class A-B represents a peripheral zone of middle and high socioeconomic status with few public services;
Peri-urban class C represents a peripheral zone of low socioeconomic status with few public services.

Table 3.2: Increase in population and housing

Concept 2030
Population increase 207,756 inhabitants
New households 51,939 households*

Elaborated with data from Conapo [9]and Merida’s Urban Development Program 2012 [16]. * Based on an average
of four people per household [8]
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Such low density could be justified by the recent implementation of the 2012 Municipal Urban
Development Program. Nevertheless, when we compared it with the previous program (for
2009-2012) [26] it’s clear that the allowed densities for residential land use are the same.

Table 3.3: Housing density

Land use Allowed density Observed density Percentage*
[houses/ha] [houses/ha] [%]

Low density 25 13.69 24
Medium density 35 15.72 20
High density 70 33.31 56

*Percentage share of total residential land, ie, percentage of total land corresponding to each land use.
Elaborated with data from the Urban Development Program for the Municipality of Merida 2012 [16].

Based on this proportion of land use we obtain the housing growing surface area that results,
for this scenario, in 2,439 hectares (see table 3.4).

Table 3.4: Housing's growing surface area in the business as usual scenario

Land use New household Area
High density 29,168 876 hectare
Medium density 10,557 672 hectare
Low density 12,214 892 hectare
Housing growth 51,939 2,439 hectare

Elaborated with data from Conapo [9],from the 2012 Urban Development Program for the Municipality of Merida
[16], from field surveys and analysis of place-types.

This total refers only to the housing’s growth surface area, which represents 85%1 of the to-
tal. The remaining 15% refers to the various non-residential land uses (commercial, urban
equipment, services, etc.). Thus, the total growth surface area amounts to 2,863 hectares.

In order to move to the next stage, we analyzed land availability. From the analysis of the
place-type categories we obtained the average of vacant-land within the existing urban area,
equivalent to 16% of the total area. This percentage is equal to about four thousand acres of
available land within the city2.

Other studies, such as “Metropolitan Merida” [25] have estimated a total of 2,465 acres of
vacant-land within the existing urban area, equivalent to 10% of the total urban area. How-
ever, in order to maintain a consistent methodology for this study we took the proportions we
observed in the place-types, mentioned before.

Based on the conditions observed in the identified place-types as peri-urban, we considered
two percent of existing vacant-land occupancy, which is equivalent to 89 hectares. Figure
3.2 shows in dashed lines the potential densification that, under the current scheme, is being
wasted.

3.3.2 Proportion of intra-urban and peri-urban land occupation

Based on the percentage mentioned in the previous section — two percent of occupancy of
vacant land— we obtain the intra-urban occupation area and therefore the peri-urban (see table

1Based on an average the peri-urban reference sites
2In addition to the intra-urban vacant-land, it would be necessary to consider underutilized spaces within the city,

that is, those buildings that are not giving the best use to a property. However, due to the lack information they were
not included in this study.
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Figure 3.2: Business as usual density scheme
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Based on the Merida’s 2012 Urban Development Program [16] and field surveys.

3.5). These results show the low levels of intra-urban occupancy, derived from waste of intra-
urban vacant-land and potential densification approved in Merida’s 2012 Urban Development
Program [16] as well as insufficient housing density to contain urban expansion.

Table 3.5: Intra-urban and peri-urban occupancy for the business as usual scenario

Type of occupancy Households Areae %
Intra-urban 1,622 houses 89 ha 3%
Peri-urban 50,317 houses 2,774 ha 97 %
Total 51,939 houses 2,863 ha 100%

Elaborated with data from Conapo [9], from Merida’s 2012 Urban Development Program [16], from field surveys and
analysis of place-types.

Thanks to these results we can obtain a projection for the total urban area for the year 2030,
which amounts to 35,570 hectares. When considering the current area of 32,796 hectares,
we know that the city will approximately grow 2,774 hectares in fifteen years.

The configuration is relevant to promote urban sustainable development, since its proportion
will give us the intensity with which a territory is occupied. In this case, we analyzed the
occupancy rate of green areas, roads and lots.

Following the trend of current occupation, 97% of the growth will occur outside the urban
area, expanding the city in 2,774 hectares. This implies that out of the 51,939 required
houses, only 1,622 will be established within the existing city limits (see Table 3.3).

If the current trend continues, in which 18% of the urban area corresponds to roads, the city
will have 515 additional acres of road surface, which is approximately 258 linear kilometers
of roads3.

3.3.3 Costs

Once the growth surface areas and their business as usual configuration were defined, we
estimated the costs. The costs of urbanization and housing per kilometer were analyzed and

3Taking into account an average secondary road with two lanes for each direction, reaching a section of twenty
meters wide.
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Figure 3.3: Business as usual scenariol

The diagram exemplifies the city’s growth rate; but it is not representative of the specific location of new housing.

divided into two groups: the costs absorbed by the government and the costs absorbed by
society or by the end user.

Within the relevant costs for the government we considered construction and maintenance
of roads, street lighting, and the cost that a household implies for the government -in terms
of subsidies for transportation, gas and electricity-. Under the business as usual scenario, the
costs to the government amounted to over 1.1 billion pesos a year 4 (see table 3.6).

The considered costs to society are related to public and/or private transportation and to
costs related with the purchase of the household —including the land, building, construction,
urbanization and the developer’s profit—. In this case, they amount to 8.8 billion pesos a
year (see Table 3.7).

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

4Net present value based on the year 2010.
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Table 3.6: Public expenditure for selected concepts in the business as usual scenario

Concept Unit Price Quantity Amount
[Millions of pesos] [Millions of pesos]

Secondary roads with asphalt concrete pavement 0.426 258 km 62.62
Public lighting network 0.384 258 km 56.38
Road maintenance 0.0003 258 km 0.05
Government expenditure for public transportation 𝑝 0.030 50,317 houses 869.55
Government expenditure for public transportation 𝑖 0.017 1,622 houses 15.72
Government expenditure for public lighting 𝑝 0.004 50,317 houses 117.45
Government expenditure for public lighting 𝑖 0.002 1,622 houses 1.89
Total 1,123.6

𝑝 Peri-urban environment
𝑖 Intra-urban environment
Elaborated with the parametric costs database from Bimsa Reports Appraiser version, 2013 [21] and the study
”Housing location as a strategic factor for its environmental, economic and social performance”, 2014, pending
publication, Mario Molina Center [22].

Table 3.7: Society's expenditure for selected concepts in the business as usual scenario

Concept Unit Price Quantity Amount
[Millions of pesos] [Millions of pesos]

Expenditure on public and/or private transportation 𝑝 0.018 50,317 houses 522.39
Expenditure on public and/or private transportation 𝑖 0.005 1,622 houses 5.37
Expenditure on land 𝑝 0.039 50,317 houses 1,130.08
Expenditure on land 𝑖 0.017 1,622 houses 15.92
Expenditure in construction 𝑝 0.191 50,317 houses 5,501.18
Expenditure in construction 𝑖 0.158 1,622 houses 146.75
Expenditure in urbanization 𝑝* 0.036 50,317 houses 1,040.39
Expenditure in urbanization 𝑖* 0.007 1,622 houses 6.80
Expenditure on the developers 𝑝 0.017 50,317 houses 495.06
Expenditure on the developers 𝑖 0.015 1,622 houses 14.11
Total 8,878.10

𝑝 Peri-urban environment
𝑖 Intra-urban environment
Urbanization costs include sidewalks, drinkable water network, drainage network and sewerage and electricity grid.
Elaborated with data from the studies ”Housing location as a strategic factor for its environmental, economic and
social performance” [22] and ”The housing sustainability in Mexico” [24] both from the Mario Molina Center.
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3.3.4 Emissions of 𝐶𝑂2

As mentioned in section 2.4.2, to contemplate the environmental impact- this study focused on
analyzing 𝐶𝑂2 emissions related to transportation, construction of housing and public light-
ing. Through surveys we obtained an estimate of traveled distances per inhabitant and the
mostly used means of transportation; the data was multiplied by the conversion factor of trav-
eled kilometer to ton of 𝐶𝑂2. Subsequently, we calculated the emissions associated with the
construction, urbanization and maintenance5 of intra-urban and peri-urban households [22].
Finally, we quantified the number of street lights required for public lighting and the emissions
related to electricity consumption.

Under this growth trend, the total emissions for the 2010 to 2030 period amount to 20.2
million tons of 𝐶𝑂2. From which 96 percent are associated with the housing’s construction,
development and maintenance (see table 3.8).

Table 3.8: Estimated annual emissions of 𝐶𝑂2 for selected concepts in the business as
usual scenario

Concept Emission factor Quantity 2010-2030 Emissions
[ton 𝐶𝑂2/house*a] [houses] [ton 𝐶𝑂2]

Public and/or private transportation 𝑝 1.5 50,317 771,360
Public and/or private transportation 𝑖 1.0 1,622 17,372
Construction, development and
maintenance 𝑝

36 50,317 19,118,888

Construction, development and
maintenance 𝑖

19 1,622 328,911

Electricity for public lighting 0.08 17,586 14,832
Total 20,251,362

𝑝 Peri-urban environment
𝑖 Intra-urban environment
Elaborated with the database from the study ”Housing location as a strategic factor for its environmental, economic
and social performance”, 2014, pending publication, Mario Molina Center [22]. For private transportation emission
factors we used the estimated data by the Mario Molina Center for Mexico City using the ”Mobile V.6” software owned
by EPA (www.epa.gov/otaq/mobile.htm). To obtain the public transportation emission factor we used the data base
from Mexico City’s Coordination of Energy Efficient Use (2009) and the Action Plan for Energy savings and Efficient
Use.

3.4 Visionary scenario

3.4.1 Growing surface area
Guidelines in Art. 73 of
the National Housing Law’s
establish that housing land
uses will not surpass 70% of
the rest of other land uses.
However, we found that
these place-types surpassed
90%.

For the visionary scenario we generated a new classification of residential land use, where there
is a combination of housing and mixed uses for all cases. The variation between each depends
on the balance and intensity of housing or mixed uses. We defined four land uses, from the
analysis of the place-type classification, whose proposed densities vary among twenty-five
and seventy households per hectare (see Table 3.9 and Figure3.4). It stands out that these
densities are consistent with Merida’s 2012 Urban Development Program [16]; however, we
suggest creating mechanisms that encourage full potential of densification, unlike the cases
observed in the business as usual scenario, in which only half was achieved.

Due to the increase in housing density, in the visionary scenario the growing surface area is
reduced by 60% of the business as usual scenario, totaling 1,025 hectares of housing (see

5The impacts associated with the household’s use phase were discarded because there is no considerable variation
between intra-urban and peri-urban housing.
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Table 3.9: Residential land uses proposed in the visionary scenario

Category Land use Density Proportion Percentage
[houses/ha] [%]

Intra-urban class A HMD-UMM 35 70% Residential 30% Mix 20%
Central equipped HAD-UMI 70 50% Residential 50% Mix 30%
Intra-urban class B and C HAD-UMM 70 70% Residential 30% Mix 40%
Peri-uban class A, B and C HBD- UMB 25 70% Residential 30% Mix 10%

For each category of place-type ( see table 3.1) we established mix land use in combination with residential land use.
The variation is given in the proportion of one or the other depending on the case; likewise, the housing density per
hectare varies. HAD is high density housing, HMD is medium density housing, HBD is low density housing, UMI is
intense mix use, UMM is medium mix use, UMB is low mix use.

Figure 3.4: Visionary density scheme
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RESIDENTIAL MID DENSITY
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MIXED USE- MID

RESIDENTAL HIGH DENSITY
MIXED USE- HIGH

Shared street Pedestrian street

Based on Merida’s 2012 Urban Development Program [16] and field surveys.

table 3.10).

Table 3.10: Housing growing surface area for the visionary scenario

Housing land use New Houses Area
HMD-UMM 10,338 297 ha
HAD-UMI 15,582 223 ha
HAD-UMM 20,776 297 ha
HBD- UMB 5,194 208 ha
Housing growthl 51,939 1,025 ha

Elaborated with data from Conapo [9], Merida’s 2012 Urban Development Program [16] and the field surveys as well
as the place-type. HAD is high density housing, HMD is medium density housing, HBD is low density housing, UMI
is intense mix use, UMM is medium mix use, UMB is low mix use.

Unlike the business as usual scenario where housing area occupies 85% of the territory, the
visionary scenario proposes that the housing area represent 70% of the total growing surface
area, which amounts to 1,463 hectares.

3.4.2 Proportion of intra-urban and peri-urban land occupancy

Regarding its configuration, the visionary scenario contemplates a greater percentage of ex-
isting vacant land occupancy, that is, 30%. Additionally, the results in type of occupation vary
considerably in the business as usual scenario (see table 3.11). The visionary scenario, thus,
is able to contain 92% of its growth within the urban sprawl (see Figure 3.5).
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Table 3.11: Intra-urban and peri-urban occupancy for the visionary scenario

Type of occupation Houses Area Percentage (%)
Intra-urban occupancy 47,623 houses 1,341 ha 92 %
Peri-urban occupancy 4,316 houses 122 ha 8 %
Total 51,939 houses 1,463 ha 100%

Elaborated with data from INEGI, from Merida’s 2012 Urban Development Program [16],and field surveys as well as
place-type.

Unlike the 35,570 hectares planned for the total urban area in the business as usual scenario,
in the visionary scenario it amounts to 32,918 hectares (see Figure 3.5).

Regarding roads, the visionary city will have 263 additional hectares of road surface, which is
approximately 132 linear kilometers; ie, half the miles in business as usual scenario6.

3.4.3 Costs

In the visionary scenario most of the dwellings are located in intra-urban land, so they take
advantage of existing infrastructure and reduce costs significantly. Costs are also reduced for
public transportation as they are closer to the workplace, and at the same time, productivity
increases by reducing commuting time. In terms of costs to government, they represent
almost half of the annualized cost for the business as usual scenario (see table 3.12), ie, 662
million pesos.

Table 3.12: Public expenditure for selected concepts in the visionary scenario

Concept Unit Price Quantity Amount
[Mill. of pesos] [Mill. of pesos]

Secondary roads with asphalt concrete pavement 0.426 132 km 32.03
Public lighting network 0.384 132 km 28.84
Road maintenance 0.0003 132 km 0.026
Government expenditure for public transportation 𝑝 0.030 4,316 houses 74.58
Government expenditure for public transportation 𝑖 0.017 47,623 houses 461.79
Government expenditure for public lighting 𝑝 0.004 4,316 houses 10.07
Government expenditure for public lighting 𝑖 0.002 47,623 houses 55.58
Total 662.95

𝑝 Peri-urban environment
𝑖 Intra-urban environment
Elaborated with parametric costs database from Bimsa ReportsAppraiser version, 2013 [21] and the study ”Housing
location as a strategic factor for its environmental, economic and social performance”, 2014, pending publication,
Mario Molina Centera [22].

In terms of costs to society, these amounted to 6.29 billion pesos. The difference is not
significant compared to the business as usual scenario (8.88 billion pesos), because the costs
associated with housing construction do not vary considerably in relation to its location within
or outside the city. On the other hand, we should point out that the visionary scenario entails
social benefits that considerably improve the residents’ quality of life (see table 3.13).

In the visionary scenario, the increase in total cost to government and society amounts to 6.9
billion pesos, ie, it reduces 30% compared to the business as usual scenario.

6Taking into account an average secondary road with two lanes in each direction, reaching a section of twenty
meters wide.
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Figure 3.5: Visionary occupancy scheme

The diagram exemplifies the city’s growth rate; but it is not representative of the specific location of new housing.

3.4.4 𝐶𝑂2 Emissions

Also, in terms of environmental impact, 𝐶𝑂2 emissions associated with transportation, con-
struction, urbanization, housing maintenance and use of electricity for public lighting are re-
duced by 41% (see table 3.14), reaching 11.88 million tons of 𝐶𝑂2 during the period of
2010 to 2030.

3.5 Comparison of results

The results are presented below in the form of a bar graph to facilitate comparison between
both scenarios. Figure 3.6 shows the total annual costs for each scenario. While Figure 3.7
reflects, in first place, the costs divided into government and society, and second, they are
separated by concepts related to the construction, urbanization, and housing maintenance ,
public and private transportation, infrastructure and construction, as well as maintenance of
roads.
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Table 3.13: Society's expenditure for selected concepts in the visionary scenario

Concept Unit Price Quantity Amount
[Mill. of pesos] [houses] [Mill. of pesos]

Expenditure on public and/or private transportation 𝑝 0.018 4,316 44.80
Expenditure on public and/or private transportation 𝑖 0.005 47,623 157.94
Expenditure on land 𝑝 0.039 4,316 96.93
Expenditure on land 𝑖 0.017 47,623 467.55
Expenditure in construction 𝑝 0.191 4,316 471.87
Expenditure in construction 𝑖 0.158 47,623 4,308.78
Expenditure in urbanization 𝑝* 0.036 4,316 89.24
Expenditure in urbanization 𝑖* 0.007 47,623 199.71
Expenditure on the developers’ profit 𝑝 0.017 4,316 42.46
Expenditure on the developers’ profit 𝑖 0.015 47,623 414.54
Total 6,293.85

𝑝 Peri-urban environment
𝑖 Intra-urbano environment
Urbanization costs include sidewalks, drinkable water network, drainage network and sewerage- as well as the elec-
tricity grid.
Elaborated with data from the studies ”Housing location as a strategic factor for its environmental, economic and
social performance” [22] and ”The housing sustainability in Mexico” [24], both from the Mario Molina Center.

Table 3.14: Estimated annual emissions of 𝐶𝑂2 for selected concepts in the visionary
scenario

Concept Emission factor Quantity 2010-2030 Emissions
[ton 𝐶𝑂2/houses*a] [houses] [ton 𝐶𝑂2]

Public and/or private transportation 𝑝 1.5 4,316 66,164
Public and/or private transportation 𝑖 1.0 47,623 510,042
Construction, development and
maintenance 𝑝

36 4,316 1,639,945

Construction, development and
maintenance 𝑖

19 47,623 9,657,051

Electricity for public lighting 0.08 8,844 7,589
Total 11,880,792

𝑝 Peri-urban environment
𝑖 Intra-urban environment
Elaborated with the database from the study ”Housing location as a strategic factor for its environmental, economic
and social performance”, 2014, pending publication, Mario Molina Center [22]. PFor private transportation emission
factors we used the estimated data by the Mario Molina Center for Mexico City using the ”Mobile V.6” software owned
by EPA (www.epa.gov/otaq/mobile.htm). To obtain the public transportation emission factor we used the data base
from Mexico City’s Coordination of Energy Efficient Use (2009) and the Action Plan for Energy savings and Efficient
Use.
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Figure 3.6: Total costs for selected concepts in business as usual and visionary scenarios

TREND

Comparison of results for annual cost estimates for both scenarios.

In all three concepts compared there is a significant cost reduction on the visionary scenario.
In the total cost section, this reduction represents almost a third of the costs in the business as
usual scenario. By separating the costs in government and society, the difference is notable
concerning the costs for the government, which are reduced by about 50%. On the other
hand, the difference in costs to society is not that significant, because the required investment
for home acquisition by the user does not differ much according to its location; however, there
is still a one-third reduction in the visionary scenario.

Finally, Figure 3.8 compares the annual 𝐶𝑂2 emissions for both scenarios; concepts are
grouped into three categories: emissions associated with the energy used for street lighting,
emissions associated with the construction of housing and emissions associated to public or
private transportation. For the visionary scenario we observed a reduction of about half of the
𝐶𝑂2 emissions of the business as usual scenario.
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Figure 3.7: Annual costs for government and society in the business as usual and visionary
scenarios

TREND TREND

Comparison of results for annual cost estimates for both scenarios according to their impact to government and
society.

Figure 3.8: Annual emissions for selected concepts in business as usual and visionary
scenarios

TREND

Comparison of annual 𝐶𝑂2 emissions for both scenarios.
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CHAPTER4
Conclusions and perspectives

Significant efforts have been made in Mexico to devise planning tools in cities [14, 30]; unfor-
tunately, there is still not a planning tool adapted to Mexican cities that allows recognizing the
environmental, economic and social implications of different models of urban development.
The information generated by these tools is essential in guiding development towards more
equitable and efficient forms for land use. In this study we explore a methodology that al-
lows projecting scenarios of economic and environmental performance in terms of the cities’
territorial public policy; this has allowed us to recognize opportunities and challenges for the
implementation of models in Mexican cities.

We analyzed the city of Merida, Yucatán as a case study. The methodological proposal takes
concepts and calculation methods from Calthorpe Associates [13] and Sustainable Cities [14].
In the process of analysis, three aspects were recognized that should be considered for future
projects:

1. First, the methodologies that have already been proven in other cities - specially, Rapid-
Fire and UrbanFootprint- offer a conceptual framework that facilitates several processes
related to data analysis and estimation of indicators. Evidently, the limit that these
methodologies have is that commonly their input variables are outside the Mexican con-
text and their adaptation could be demanding in terms of economic resources and time.

2. The proposed method by Sustainable Cities has the main advantage that it has been
adapted to the Mexican context; however, the variables that the method provides are
limited to economic indicators. As such, this methodology also requires some adjust-
ment which allows extending its scope.

3. A hybrid method like the one proposed in this study, has the main advantage that it
was developed specifically for the national context and includes both environmental and
economic indicators. To strengthen this methodology so that it can be used in decision
making, it will need to be complement it, so that:

(a) it integrates databases from origin-destination surveys that are statistically repre-
sentative for the analyzed city,

(b) it includes emission factors that can be calibrated and validated from a regional
context,

(c) allows identifying uncertainty sources in the data, and

(d) contemplates social aspects in the performance assessment.

In the same way that it was important to make an approximation to the application of
these models, confronting the limits associated with the information management re-
quired for both was also crucial. This is a factor to consider when selecting which model
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is the right one, since its success depends on the availability and accessibility of the re-
quired information, and in its case, of the possibility of alternative methods to estimate
it.

Regarding the case study, we observed a number of conditions that suggest that the way the
planning has been done in recent decades has led to an uncontrolled development, dispersed
and segregated. However, it was also possible to identify areas of opportunity for the imple-
mentation of public policies that facilitate an orderly and efficient occupation of urban land.
Specifically, it would be worth recognizing the potential of:

1. taking advantage of vacant and/or underutilized lots,

2. moderate re-densification through a review of existing land uses and, in particular,

3. containing urban sprawl.

The findings described here motivate us to channel efforts to improve current methods. We
recommend integrating tools and databases to the calculation procedures that have already
been created by other institutions and, above all, link the models’ output variables to the needs
of the current public policy. For this, it will be essential to form a collaborative effort between
government institutions and civil organizations.

It is complex to corroborate that change in the city’s expansion trends is related to the pub-
lication of this model. However, we expect that this study and research is a first step in the
design and improvement of public policies in urban planning matter, both in the study area as
well as in other regions.
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CHAPTER5
Annex: Chernoff's faces

Figure 5.1: Chernoff's faces

Graphic representation of multiple variables, Chernoff faces [29] for each reference site.



Graphical representation technique created by Herman Chernoff whereby multiple variables are pre-
sented in the form of human faces. When presenting the variables in the form of faces the recognition
and perception of small variations is easier. The features of a face — like eyes, ears, nose or mouth—
represent previously determined variables. In this case we used them to classify the ten variables of
the twenty place-types; finally they were identified in six different groups (see Figure5.1).
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Annex: Place-type index card

Table 6.1: Average results according to the primary classification of place-types

Criteria Indicator Unit of measurement Intra-urban Peri-irban
average average

Density Housing density Number houses / ha 29.87 24.41
Inhabitant density Inhabitants /ha 107.54 87.87
Floor area ratio FAR according to land use 78.06 82.00

Diversity Land use mix Residential 90.4% 96.0%
Commercial 8.1% 3.0%
Equipment and services 1.6% 1.0%

Intra-urban land availability Vacant lots 15.2% 17.9%
Mobility Walkability Sidewalk coverage 100.0% 94.0%

Number of Intersections / ha 0.79 0.62
Distance to workplace Kilometers 6.63 14.61
Commute time Minutes 42 59
Motorization rate Motorization range per AGEB Medium high Medium

Configuration Average lot size 𝑚2 (average lot size) 322.38 530.48
Average neighborhood size Average surface in 𝑚2 8,518 9,100
Roads % of roads regading total area 18.84% 14.98%

Linear meters of roads 1,298.47 1,143.38
Uninhabited houses Uninhabited houses per AGEB Medium low Medium high
Green area / public space Percentage 14.07% 15.37%
Ratio of green area per inhabitant 𝑚2/hab 2% 1%

Use of resources Water consumption 𝑚3 water consumption per house per year 181.93 123.60
Energy consumption Average of kW/year 2,536.80 2,222.40
Gas consumption kg of gas per house per year 142.13 192.00

Socioeconomic Jobs Economic units /ha 4.58 0.52
Land value Average land value per neighborhood Medium high Medium low

Emissions Emissions associated to transportation* kg of 𝐶𝑂2 990.72 1,473.90

*Emissions associated with public and private transportation according to surveys carried out.
Elaborated with data from the 2012 Urban Development Program for the Municipality of Merida [16], the National Statistical
and Economic Unit Directory and the Census Information Consultation System from INEGI, as well as surveys carried out.
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