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ABSTRACT

Location choice models usually consider zonal attributes and accessibilities as their main
explanatory variables; however, other attributes related with urban form and its interaction with
other elements in the city may be playing a role in location decisions. We propose two new
metrics for this: Spatial Tenseness and Spatial Scale. To explore their relevance in location
decision, we introduce them in a residential developer’s location choice model, formulated for
Santiago de Chile’s expansion area. We use latent classes to divide developers according to their
“exclusivity”, expecting this characteristic will influence a different valuation of the metrics
introduced. Results show expected parameter values and model fit is improved, suggesting the
proposed metrics actually provide significant information and should be considered in location
choice models.
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1. INTRODUCTION

In the last few decades, there has been an extensive development of land use and transport
interaction models (LUTI), mostly from the transport engineering discipline, but also from other
fields, such as geography and urban economics. Current LUTI models emphasize on the agent's
economic location decision based on his characteristics and the alternative attributes, with
transport-related variables playing a significant role.

In the formulation of these models, three types of traditional attributes of the alternatives have
been considered: attributes of the unit (construction or terrain), neighborhood attributes (e.g.
number of schools, densities, etc.) and accessibility to opportunities (e. g. distance to city center,
average cost to job opportunities, travel time to nearest subway station, etc.).

These three types of variable account for three scales (immediate for the unit, middle scale for
the neighborhood, and higher scale for accessibility to out of the neighborhood points of
interest). Of these three scales, the only one that relates to the interaction of the location
alternative with the city as a whole is accessibility.



This attribute has been treated traditionally as a transport-based measure, in which travel costs to
interact with opportunities is the principal component. This means that the relation between the
location alternative and the city is only measured in transport related terms (e.g. travel time and
cost).

We argue that the city is a system where a location is not only valuated in terms of its
accessibility to points of interest. There are spatial attributes of a location in terms of its function
in the urban system. A location can be a node, an isolated area, a connector of other zones, a
border or a limit, among other functions that performs in the urban system. These properties are
conditioned by the geographical frame which provide its own spatial characteristics.

The main objective of this paper is to study if a “traditional” location model (with only zonal and
accessibility attributes) can be improved by adding two attributes that account for macro spatial
characteristics of the location in the urban system. To validate these attributes, we formulate a
developer’s location choice model for Santiago (Chile) and estimate a location choice model
including the proposed metrics, which is the compared with a model using the traditional
specification. We use latent class to divide the developers in two classes, which we assume will
value the proposed attributes in different ways.

The paper is structured as follows. Section 2 provides an overview of the traditional attributes
used in location choice models and a review of models used in areas such as geography and
urbanism, where the city is understood as a system with functional elements that relate to each
other. In Section 3 we propose two new spatial metrics (Spatial Tenseness and Spatial Scale),
which are derived from the literature on urban structure. Section 4 presents our case study:
Santiago (Chile) and Section 5 describes the data collection and processing effort. In Section 6, a
mathematical model for the behavior the residential real estate developer is proposed, with
estimation results (for both the base model and the model including the new metrics) being
shown and discussed in Section 7. Section 8 concludes the paper.

2. LITERATURE REVIEW

The review is structured in two subsections. First, we give an overview of attributes that are
normally used in location choice models. Then, we introduce a different type of models, from the
urbanism and geography disciplines, which can add value to traditional location choice models.

2.1.  Attributes in location choice models

Most location choice models are based on the economic model for cities proposed Alonso
(1964), which is inspired on Von Thunen’s (1826) agricultural model. Since then, in these
models, location choice has generally been understood as the outcome of an auction, where
different agents (households or firms) bid their willingness to pay (WP) for the real estate units
of a city. The WP function is derived from the consumer’s problem and it is related to the
conditional utility. This translates into the WP being a function of location attributes which, in
the classical case of Alonso, depends on the trade-off between living space (housing attributes)
and commuting costs (location attributes).



McFadden (1978) identified that the location choice process depends on a set of attributes of the
dwelling unit and its location (accessibility, dwelling attributes, public services, etc.), and of the
household (age, income, etc). Fujita (1989) argues that location decision is based in three basic
factors: Accessibility, space and environmental amenities. The first is related to potential of
activities, the second is related to the characteristics of the dwelling, and the third is related to
zonal attributes such as densities, presence of services, schools, etc. It has also been shown that
accessibility and neighborhood characteristics are highly correlated, and that socioeconomic and
demographic attributes may be more important than others, as they capitalize accessibility
(Weisbrod, Lerman, & Ben-Akiva, 1980). Also, dwelling attributes are correlated to accessibility
since units vary their attributes depending on their location (Waddell et al., 1993). Other authors
(Hurtubia et al, 2010, Schirmer et al, 2014), based on a compilation of several models, classify
attributes in a similar way as Fujita. We have focused on the attributes of location alternatives,
but is relevant to note that the characteristics of households are also part of the explanatory
variables used in location choice models.

As can be inferred from the literature, in the formulation of location choice models, accessibility
is the only type of attribute that informs about the relation of each location with the rest of the
city at a wide scale. Accessibility measures are usually based on transportation costs to a set of
opportunities. As location choice modelling has its origin as a demand input for transport
models, it’s understandable that its spatial or city-wide attributes are transport related. However,
as we will show in the next section, there are other attributes that influence in location decision.

2.2.  Urban Structure models

Traditional location choice models use attributes that are calculated from a microeconomic
transport perspective, without explicitly considering the perception that the decision maker has
of the city as a whole, differentiating parts and relations between them. Models originated from
the geography and urbanism disciplines (which we will call urban structure models from now
on), make an emphasis in the city as system of neighborhoods, corridors, nodes, etc., that relate
to each other, and that can be synthetized in geometric representations in a map. These models
are conceptual constructs, built from the observation of patterns in real cities.

We propose that decision makers do not see location only in terms of its cost of access to a
bundle of opportunities, but also, they evaluate the membership of the location to certain macro
elements (for example, well defined neighborhoods of certain land use, corridors, etc.), because
each of these elements convey “meaning” and may also imply specific future trends in the
always ongoing urban development process.

A first group of models that is relevant for our purposes comes from the Chicago School, in
which the functional elements of the city are outlined in three successive models with increasing
complexity.

e Concentric Zone Model (Park and Burguess, 1925), where residential, commercial and
industrial areas of the city are arranged in concentric rings, following the bid-rent curve
proposed by von Thunen and, later, by Alonso.

e Sector model (Hoyt, 1939), which recognizes asymmetries in the city, with linear areas
following transport, city growth, and social differentiation.



e Multiplei Nuclei Model (Ullman and Harris, 1945), which recognizes the importance of
the concentric and sector models, but observe that cities don’t have just one center but
many, exploring the factors that create centers but also that separate them because of
incompatibilities and specialization
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Fig. 3 La forma visual de Boston sobre el terreno

Figure 1: Upper left: Park & Burguess, Hoyt, and Ullman & Harris models (Ullman & Harris,
1945). Upper right: Model of Borsdorf et al (Borsdorf, 2003). Lower left: Model of Lynch for
Boston (Lynch, 1960). Lower right: Brunet’s Corematics (Brunet, 1993). .

A second stage of development for this type of models was developed by a group of german
geographers (with some North-American contribution), which focused on Latin American cities.
These models are based on a more detailed analysis of the social and historic forces that have
shaped these cities. Griffin and Ford (1980) proposed a model describing the interaction between
different land uses (CBD expansion as a “spine” towards high income residential zones,
compatible industrial and residential areas, low income renovation process). This model was
updated in Ford (1996), including malls and other ammenities. In 2002, Borsdorf, Bahr and
Janoshka presented a model of Latin American city, (Borsdorf, 2003), which encompassed 4
stages of urban development, from a colonial concentric city, to a fragmented and complex
modern city. Also, other models have been presented for Lima (Ludefia, 2006) and Querétaro
(Gobel, 2015).



Other important line of research in terms of identifying urban macro elements was developed in
the classic work of Lynch (1960), who proposed 5 urban elements (paths, edges, districts, nodes
and landmarks), based on interviews to inhabitants of 3 cities in USA. Another line of research
that relates to urban elements, but focuses on relations more than elements, is Corematics,
developed by Brunet (1993).

As a synthesis, these models are relevant for location choice models as they give location a
dynamic or historic quality. In these urban structure models, a location is part of a zone that is in
transition, and that transition depends on its spatial relations with other zones. We can see that
different land uses are in constant competition for locations, and this process may not converge
to an equilibrium but to a semi-stable historic recognizable pattern of change, with observable
geometric relations.

3. PROPOSED URBAN STRUCTURE METRICS

We propose two attributes to be calculated and incorporated into location choice models. These
attributes do not intend to fully encompass the urban structure of the studied city, but mostly to
express representative examples of spatial situations that are described in urban structure models.

From the urban structure models presented before, we can read some main elements that can be
reduced to three dimensions: point (nodes, landmarks), line (borders, corridors), and area
(neighborhood). The five examples given in parenthesis correspond to the elements of urban
image enunciated by Lynch (1960). Based on this classification, we want to represent two of
these dimensions in two metrics that we hypothesize are relevant to location decision:

1. Spatial Scale (areal dimension): is the relation of the size of a particular space with respect
to a referential element (Ching, 2014). For example, a square (or plaza) can have a “human
scale” when its dimensions fit human activities (the size of the spaces in the square allows
people to perform leisure activities in a comfortable way). Delimitation is a main issue in
conforming a space, and the distance between limits define its dimensions and therefore its
scale. In an urban context, neighborhoods and city zones are not only defined by a common
land use or built characteristics, but also how well delimited they are. These limits could be a
river, a mountain, a highway, a landmark, etc.

2. Spatial Tenseness (linear dimension): From the architecture and urbanism disciplines,
tenseness can be defined as a property of a space that is not important for itself but mostly
because is in between two important elements or mass centers that relate to each other (by
similitude or importance). For example, an open boulevard with two landmarks in its
beginning and end, creates a space with a visual tension generated by the relation between
this two structures. In the urban structure context, a corridor between, for example, two
important commercial and residential areas have a dynamic characterized by the tension
given by these two elements.

We hypothesize that these two attributes have an important role in location choice. Spatial Scale
is important for a developer as it’s a way of controlling future development in the location. For
example, in a space that is well delimited in a reduced scale, will make easier to ensure the
“exclusivity” of a given project, as limits will provide natural means of excluding other projects



of different nature. Spatial Tenseness is also important because it partly defines the character of
an urban zone. For example, commercial activities may profit from being in a space that is “on
the way”, gaining attention from people from other places. On the other hand, a household may
prefer a space that is secluded from this space of flow and “otherness”. This measure must be
correlated with observed flows, although this correlation may not always be strong. Additionally,
measuring flows for all elements in an urban network is a cumbersome and expensive task, this
is why explicit modeling of the transport system is generally used in LUTI models. We
hypothesize that location decisions can be explained by both link-flows or Spatial Tenseness,
although the latter is much easier to compute and probably more grounded on the (mostly static
in the short and medium term) built environment of the city.

The challenge in measuring these properties is to reduce the complexity of this perceptions of
space to quantitative indicators. The purpose of these indicators is to generate, for each location,
attributes that relate to how people perceive the city in terms or urban macroelements (zones,
axis, nodes, etc). This, because decisions are made by people who, by disinformation or
cognitive economy, construct mental maps of the city in which information is organized with
aggregations and simplifications (Lynch, 1960, Johnston, 1970, Adams, 1969, Gould & White,
1974).

We propose two metrics to account for these properties. They are calculated over a GIS based
grid, using topography as limits for Spatial Scale, and residential land use intensity for Spatial
Tenseness.

3.1. Measuring Spatial Tenseness

The objective of this indicator is to measure, for every cell, if it’s in between two other
(reference) cells, considering every pair of other cells in the region, weighted by the intensity of
a particular land use of this referential pair of cells.

Formally, for every cell i, there’s 180 vectors Vig that cross the cell i in every 180 directions d
separated by 1°. Each vector Vig is composed by to subvectors Sig1 and Siq that depart from cell i
in opposite ways and each one ends in the first cell with a slope that defines a hillside (see Figure
2).

For each subvectors Sig1 and Sigz there’s a total intensity of land use! Dig1 and Dig2 that sums the
intensity of the cells that are crossed by the subvector.
So, the Spatial Tenseness for a cell i is:

179

Spatial tenseness; = 180 * Z[Didl * Djg,] @)
d=0

! for example number of establishments per cell or percentage of built space dedicated to a particular land use.


http://epn.sagepub.com/search?author1=R+J+Johnston&sortspec=date&submit=Submit

3.2. Measuring Spatial Scale

This metric indicates, for a given location or cell i, how close is that cell in average to the
hillsides. This metric accounts for the distance between the limits of area that encloses the
location.

The algorithm is much simpler than for Spatial Tenseness. For every cell i, we measure, in every
direction (360 directions), the distance to the closest cell with a slope of more than 20°, and then

average the distances.
1
360 Z dia 2)

acA

Spatial scale; =

where A is the set of 360 closest hillside cells in every direction.
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Figure 2: Diagrams and maps for Spatial Tenseness (top) and Spatial scale (bottom). The
diagram for Spatial Tenseness (top center) shows an example for one cell i and one direction,
and the two subvectors for that direction. The diagram for Spatial Scale (bottom center) shows
the distances in 8 directions (of a total of 360 directions) for a cell i. The images to the right
show both metrics calculated and mapped for Santiago de Chile.



4. SANTIAGO CASE STUDY

Santiago is the main city of Chile in administrative, commercial and demographic aspects,
among others, with a population that raises to approximately 6’158°080 habitants. (INE, 2007).
To accommodate this population, the expansion of the city has not only been produced by
continuous diffusion, but also for the development of already existing and, especially, new
satellite locations near Santiago. Regulatory conditions (or the lack of them) largely explain the
types of developments that have been generated. The current scenario is based on a policy called
“conditioned urban planning”? (formulated on the Metropolitan Plan for Santiago of 1997 and
2003), according to which new areas of development, outside the city limits, can be proposed by
private real estate agents, whom must build infrastructure and other facilities to mitigate the
effects of the new urbanization. This condition of liberalization of the areas of future
development of the city makes that governmental or regulatory decisions (which are difficult to
model) have less importance, and opens a good opportunity for land use researchers to propose,
estimate and validate market driven models. Globalization and capital flow has promoted a
continuous expansion of the highway system, and other “artifacts” associated with sprawl, such
as malls, high standard industrial parks (de Mattos, 2010), and of course mega gated
communities (which encompass the projects studied here).

S. DATA ASSEMBLY

The input data used for the model comes from three sources: a private survey and official data.
The first type is a database of all residential projects from 2004 to 2014, provided by the
consulting firm Inciti®. The second type is mainly census data (2002) and network topology. The
information is used to compute accessibility measures and urban structure metrics.

5.1. New Residential Projects

We use a database of 1.833 residential projects (one family detached houses) built between the
years of 2004 and 2014, in the suburban and expansion area of Santiago (out of the main ring of
the city, Americo Vespucio). Those projects account for a total of 89,422 new housing units.

It is not easy to quantify the relative weight of this type of developments in total urban growth of
the city, but it is possible to make some estimates. According to demographic projections of the
National Institute of Statistics (INE), the metropolitan area grew by 717,561 inhabitants in 2004-
2013. In turn, if we consider a range of between 3 and 4 persons per household (INE (2007)
indicates an average of 3.5 persons per household), it can be estimated that the projects studied
are equivalent to a range de 357.688 to 268,266 people in a similar period, which means
approximately 37.4% and 49.8% of the new supply had to be produced. It's difficult to
accurately quantify this impact (by differences in the study area, changes in the size of
households, demographics, etc.), but we can ensure that the weight of these projects is important
within the range of the city.

2 In the current instruments this policy is applied in the Conditioned Urban Development Zones (ZDUC, in Spanish),
and Conditioned Urban Development Projects(PDUC, in Spanish).
3 http:/ /www.inciti.com/



Preliminary analysis of the location of these projects, and the process of construction of new
highways, reveals a pattern of sprawl materialized in growing travel times for the households
that choose to live there (see Figure 3).

New real estate projects (houses) in expansion areas (2004-2013) Average distance to outer ring (Americo Vespucio) from
and travel times to outer ring (Americo Vespucio) new residential projects in expansion areas (2004-2013)
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Figure 3: Loca.tibn' of vRé'sidenﬁaI' Projects and travel time to outer ring (Americo Vespucio).
Price of projects in scale from blue (low price) to red (high price). Highways are highlighted in
black. Source: own elaboration, based on data of inciti.cl.

5.2.  Official data: Household Census

Beside new residential projects data, the model considered the preexistence of consolidated
residential areas, provided by the National Census (INE, 2002). Importance was given to the
localization of households by socioeconomic group (GSEs). GSEs are rated by marketing firm
Adimark (2000) on the basis of the information provided by the National Census, which
considers two fundamental areas: household possessions and level of education of the household
head. According to these parameters a score is assigned, usually grouping household into five
segments: ABC1, C2, C3, D and E (which can be related to income). This data was aggregated to
districts, some of which were modified by the team to fit some differences in rural-urban areas
that were not included in the original districts.

Santiago has a strong concentration of higher income groups in the north east zone of the city.
The south and west central core of Santiago has big areas of lower income. The data shows that
some areas of medium concentration of higher income groups appear out of north east zone, in
expansion areas. This is consistent with the latest pattern of segregation in Santiago, which
indicates that this variable is decaying in a macro scale but growing in the micro scale (Sabatini,
Céceres & Cerda, 2001).



5.3. Road network data
A shape of roads is extracted from Openstreetmap*, which is the input for accessibility metrics
calculated for this model. The methodology for this attribute is described in model methodology.

6. METHODOLOGY

A revealed preferences approach is used. This implies less flexibility in recollecting agent’s data,
but is important as we want to measure real urban structure attributes. This approach also has the
problem of dealing with a high number of alternatives of location, that normally are spatially
correlated. We used a random sampling of alternatives to correct this problem?®.

The model was formulated as a discrete choice model (Domencich & McFadden, 1975;
McFadden, 1978), in which there’s a decision maker (the developer), who has a set of
alternatives (possible locations in the study area, where he might develop a project), each one
with different attributes. The model assumes that the decision maker perceives a utility of
developing his project in each alternative depending on the attributes of the location, and that
determines the probability of taking that alternative.

We divide the developers in two classes. To estimate which projects belong to each class, we
used latent class approach (Henry & Lazarsfeld, 1968, Kamakura & Russel, 1989). In simple
terms, a latent class model allows the recognition of heterogeneity in the agents that make
decisions, introducing in an election model a probability that the decision maker belongs to a
specific class, each class having different patterns of behavior or preferences (with different
parameters in its utility functions). Some models without latent classes introduce this
heterogeneity exogenously (using systematic taste variation or assigning classes a priori);
however, the latent class methodology estimates the probability of belonging to a class together
with the probability of choosing an alternative. For choice models, a model with latent classes
has many advantages over a multinomial logit model and mixed logit models, especially in the
interpretability of parameters and its relationship with agent attributes (Hess et al, 2009).

In our model, the probability of belonging to one of the two classes of developer depends on the
average unit price, average plot size and number of units in the project:

P(s|Price, ,Plot Size,, ,Units, ) (3)

The profit 7 obtained from building (and selling) a project in a specific location (alternative) i
for a developer of class s is:

n; = Bi—c¢ = BiarXat-+ BicxXu) —yirm 4)

Where B} is the benefit of choosing location i for the developer of class s and ¢; is the cost of
developing the project in zone i. Since price is predefined, the benefit comes mostly from sale-

4 www.openstreetmap.com
5 In this version of the model a uniform sampling distribution was used, future versions will explore different sampling
strategies.



speed of the project and can be interpreted as the (expected) present value of the revenue at
location i. Since construction costs must be highly correlated with the type of project, we
simplify the cost component, making it only dependent on the land value (r;). For the same

reasons the expected benefit depends only on location, and not dwelling attributes.

Explanatory variables or attributes (x;;) used in this modelling effort are described in Table 1.

Type Attribute Description Source
Cell Attributes| Density Houses per Hectare Census 2002
Land Value average UF per square meter, from 2006-2009. Transsa

Long Distance
Accessibility

Accesib. to high
income household

Average of Negative exponential of travel time (beta=-0.05) to 110
districts with higher socioeconomic proportion of households(1).

own calculation based on openstreetmap roads and censu
2002.

Accesibility to Oute]
Ring (A. Vespucio

Negative exponential of travel time (beta=-0.05)

own calculation based on openstreetmap roads

Short Distancy

Accesib. to neares
consolidated areas

Negative exponential of travel time (beta=-0.03) to nearest cell with
density higher than 7 households/ha(census 2002 and new residentig

own calculation based on openstreetmap roads, census 20
d new residential projects (inciti.cl)

Accessibility

Accessibility to

Negative exponential of travel time (beta=-0.03) to nearest highway.

own calculation based on openstreetmap roads

nearest highway
Accesib. to neares

Negative exponential of travel time (beta=-0.03) to nearest cell with |own calculation based on openstreetmap roads and industi
Industrial zone industrial land use land use (Ministry of Housing)
Urban Spatial scale See methodology of Urban Structure attributes own calculation
Structure |Spatial tenseness |See methodology of Urban Structure attributes own calculation
(1) Santiago Metropolitan Region has 541 censal districts. Socioeconomic proportion is based on a stratification methodology by Adimark (2014), where households are divided in five cl
according to education and material belongings. Socioeconomic proportion of a district is the cuotient between number of households in the two higher educated classes and number o
households in the two lower educated.

Table 1: Attributes used in proposed models

In this particular case, we use accessibilities as proposed by (Ingram, 1971), defined by the
following equation.

Accesibility;; = exp(—p = travel_time;;) (5)
With f as a decay parameter. This f parameter was estimated by adjusting an aggregate
accessibility function to observed travel data for Santiago (SECTRA, 2015), with a value of -
0.05. Travel time (in minutes) is obtained using a methodology of cost surface analysis for travel
time (for example, see Van Leusen, 1999). This methodology is set on a grid where each cell has
an impedance or friction, which represents the cost involved in traversing the cell. For this case,
we take time (minutes) as the cost, calculated from the average speed at which the cell can be
crossed. The impedance is based on the openstreetmap data of roads, for which an average speed
is assigned depending the hierarchy of the road. With a Dijkstra algorithm (1959), least path
from a destination to all cells can be found, with its corresponding travel time. This accessibility
measure is not intended as a full transportation model, but it suits our research as a simple and
intuitive regional scale indicator of proximity. Figure 3 shows an example of such metric.

We assume that, given a class of project s, the probability of developing a particular location i is
proportional to the expected profit on that location, compared with all other possible alternatives.
We assume that a random termeg;, accounting for unobserved attributes and behavior of the
developer, can be associated to the profit for each type of project in each location.

n_ls = T[is + € (6)
Assuming an Extreme Value distribution for the error term, renders a multinomial logit
expression for the probability of developing a unit in a particular zone:
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where ( is the set of all possible locations. Because estimating a logit model with a choice set as
large as 30.625 alternatives (number of cells in the study area) would be inefficient and too
expensive in computational terms, a sampling strategy was used, where 9 alternatives were
randomly sampled from € , to conform a choice set of 10 alternatives, where the remaining one
is the chosen location. Since the sampling probability is uniform across all alternatives, the
sampling correction term cancels out and, hence, the choice probability is:

exp ()

ps= T
ilgl exp(m;)

l

V h (8)

To sample the alternatives, the other nine un-chosen location were randomly selected from the
locations that fulfill the following conditions: are located within 10 km. of any built project in
the database, are located outside the principal outer ring of Santiago (Américo Vespucio), a slope
lower than 3 (in a scale from 1 to 5, where 5 is the steeper), and had enough remaining capacity
for development.

Since the latent class approach implies simultaneously estimating, for each observed project, the
probability of choosing a location i given its class, and the probability of belonging to each class
s, we estimate the final probability of a given project of choosing a location i:

S
P(ilXy ) = ) Pl ) < P(slXy) ©)
s=1

The logic behind this model is not far from observed behavior in the real estate sector, where
developers have a well-defined niche (class that defines their preferences). As developers
perceive a latent demand for their product in next years, they define a number of projects (also
according to their capital) and seek for the location that maximizes their utility, given the type
(class) of the project.

We found relevant to model the developers in different classes as their valuation of urban
structure and traditional attributes will vary as their product differs in terms of price and other
characteristics.

Latent classes have been used in different areas, but the first model to use it for location choice
was designed by Walker & Li (2007), where the latent classes were the lifestyle of the
household. Other models have been formulated since then (Ettema, 2010, Olaru et al., 2011, Liao
et al., 2014, Lu et al., 2014, among others). As far as we know, the only model that applies latent
class to urban developer’s types is Glumac, Han, Schaefer (2014), in which different agents
involved in the development of brownfields are characterized.


http://journals.sagepub.com/author/Lu%2C+Zhongming

7. ESTIMATION RESULTS

We estimate the models through maximum likelihood using the statistical software Biogeme
(Bierlaire, 2003). The benchmark estimation only considers a set of traditional attributes. We
compare the results from this benchmark model with a similar one but including the Spatial
Scale and Spatial Tenseness attributes. The objective is to evaluate how a standard base model
can be improved by adding these urban structure attributes.

From the class membership model results (bottom of Table 2), Class 1 can be interpreted as
developers of more “exclusive” projects, as they sell at higher price, with larger plot size and
lower number of units in the project. Signs and magnitudes of coefficients are consistent and
significant though both models.

Base model with
Base model .
Urban structure attributes
Final log-likelihood -1423 -1345
Likelihood ratio test 4904 5061
Variable Coefficient (t-test) Coefficient (t-test)
Class 1 Class 2 Class 1 Class 2
Density (House/Ha) -0.00159 (-10.59)| -0.00348 (-5.35) -0.00153 (-9.87) -0.00342 (-5.95)
Land Value -0.226 (-9) -0.279 (-7.71) -0.131 (-5.34) -0.244 (-7.86)
Accesib. to high income households -5.93 (-4.57) 28 (12.76) -6.21 (-4.41) 17.1(9.73)
Accesibility to Outer Ring (A. Vespuci¢) 0.00536 (10.27) | -0.00197 (-1.99) 0.00551 (10.08) 0.00331 (3.42)
Accesib. to nearest consolidated areag 9.23(26.01) 3.43 (6.58) 9.33 (25.69) 5.47 (11.26)
Accessibility to nearest highway -0.00439 (-12.17)[ -0.000927 (-1.74)] -0.00465 (-12.51) -0.00194 (-4.01)
Accesib. to nearest Industrial zone 0.00108 (4.28) | -0.00455 (-6.05) 0.000783 (2.95) -0.00435 (-7)
Spatial scale 0.148 (7.17) -0.109 (-4.93)
Spatial tenseness -0.0033 (-8.74) -0.00346 (-4.06)
Class Membership Variables Class 1 Class 2 Class 1 Class 2
Intercept 14 (8.18) 13.4(8.27)
Average Unit Price -0.338 (-7.16) -0.265 (-6.13)
Average plot size -0.00693 (-4.82) -0.0174 (-5.35)
Number of units in project 0.0172 (2.09) 0.0195 (2.53)

Table 2: Estimation results.

In the base model, the signs for the location attributes perform as expected. Plot value (cost of
the land) is negative for both classes although Class 2 is more sensible to it, which is expected
since this class develops cheaper projects. Both classes try to choose locations with less density
(more open space), and this is more important for high price projects. Accessibility to nearest
highway is negative for both, which make sense as this type of infrastructure acts as a NIMBY
for nearby projects, independent of the accessibility they provide to other destinations.
Accessibility to nearest industrial zones is positive for low price projects, but negative for high
price projects. This reflects that industry is not always a negative amenity, but also is a source of
opportunities. Accessibility to nearest consolidated area is positive for both classes, and shows
the tendency towards agglomeration (which is higher for lower price projects).

There are two attributes that could have endogeneity. Accessibility to high income households is
positive for high price projects and negative for low price projects. We would expect that this
attribute would be positive for both type of projects, so we can assume there’s an omitted
variable. Observations show that actually low price projects tend to locate far from high income



zones, but this probably correspond to other attributes (normally land value, which is simplified
in our model due to data availability) and not to the desire of being far from high income
households.

A similar endogeneity problem may be associated to “Accessibility to the outer ring” (Americo
Vespucio) where we would also expect it to be positive for both classes, however being negative
for high price projects. Also in this case, we observe that high price projects tend to locate
further away from the consolidated city, but this would correspond to other attributes such as
environmental amenities and lower land value.

In the model with Spatial Scale and Spatial Tenseness attributes, the log-likehood improves
significantly compared to the base model (from -1423 to -1345, which represent a 95%
significance in the chi2 log-likelihood ratio test between both models).

Spatial Scale shows to be significant for both classes, being negative for high price and positive
for low price projects. This means that high price projects value enclosed locations which are,
maybe, more “exclusive”. On the other hand, low price projects value open locations, maybe as
they have more space for continuous development and potential for connecting to other places.
Both classes of projects value Spatial Tenseness in a negative way, which we interpret as this
attribute being more valuable for commercial land uses (as they profit from being “on the way”),
while households assign more value to locating in “out of the way” areas (which doesn’t
necessarily imply having low accessibility).

After including these attributes, all previous parameters remain significant (with the parameter
for accessibility to nearest highway improving its significance) and with the same sign as in the
base model, except for accessibility to outer ring, which now has the expected sign (positive for
both classes). We noted before that probably an omitted variable caused endogeneity in the
variable of accessibility to outer ring. Spatial Scale could correct this endogeneity, as high price
projects tend to locate far from the outer ring not because they dislike proximity to the city by
itself, but because they enjoy location on places that have low Spatial Scale (enclosed valleys),
and this type of locations normally are more distant to the city.

Parameters remain significant and with the correct sign. Accessibility to high income households
remains with an endogeneity problem, which should be treated including other variables or more
precise information in attributes such as land value.

8. CONCLUSIONS

Estimation results show that a traditional model can be improved with urban attributes that are
not directly related to transport measures. But we must be careful with these conclusions, as a
“traditional” location choice model can be formulated in many ways and with many different
variables that are already in the literature. So, nothing assures that our benchmark model was not
able to be improved with just adding other traditional attributes.

The main contribution is to propose attributes that quantify a dimension that is present in the
decision process but haven’t been considered. Estimating the model can give us a sense of the



influence if these attributes and it’s interaction with different classes of residential developers.
From a qualitative perspective, it’s important to be able to propose metrics that can be visualized
in maps, and evaluate if the result makes sense in terms of what an urbanist or architect could
perceive as Spatial Scale or Spatial Tenseness.

It’s interesting that introducing these attributes we could correct an endogeneity problem that
was observed in the base model (that high price projects show a negative parameter for
accessibility to city outer ring). As we introduce these new attributes, this parameter turned to
positive sign. With this result, we can interpret one of the attributes, Spatial Scale, as a centrifuge
force that guide projects far away from the city, searching for more secluded and “exclusive”
locations. Projects looking for small Spatial Scale locations is linkable to the concept of “gated
communities”, as they use topographic delimitation as one more barrier to keep out “not desired”
elements (in topographic scale, lower price projects; as in gated communities is crime).

We observed another endogeneity problem in the base model that couldn’t be corrected. We
expected that both classes of projects show a positive parameter for accessibility to high income
areas. But low price projects showed a negative parameter. Normally, this problem is solved
when land value is introduced, but this wasn’t the case. We think that more precision in the land
value data is needed to correct this endogeneity.

Both attributes are relevant both in the estimation and in actual observations of the city. High
price projects in expansion areas of Santiago are located in enclosed valleys (one classic example
is Chicureo -the new high income area of the city- which is placed in a strategic location, at the
end of a valley, far enough from lower price projects, but not too far from highways connecting
to the city). As for Spatial Tenseness, it showed negative parameter for both classes of projects.
It makes sense that residential land use searches for locations with good accessibility, but also is
desirable that this location is not “in the way” of other trips (a “quiet and calm” neighborhood).
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