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ABSTRACT 
 
Residential space supply in extension areas emphasises the segmentation of the market in order 
to attract different types of households. The proposed model uses a latent class approach to 
identify the importance of different project characteristics in the probability of belonging to one 
of the two proposed classes, and given the class, the importance of different spatial attributes in 
the utility of the project. Projects unit value, built space, unit size, accessibility and location 
attributes were used to estimate the model. Results show expected parameter values, classifying 

 
 
Key words: Location choice model, Real Estate, Latent class.  
 
 
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. 
 
Wegener (2014) identifies 3 generations in LUTIs, in which the third generation addresses the 
heterogeneity in preferences, as different agents will value attributes differently according to 
their own characteristics. This issue requires a higher resolution in the data used, but allows a 
richer interpretation of parameters and higher adjustment of the model, when the subsets of 
agents are correctly defined. Exogenous definitions of subsets (by race, or gender, for example) 

which do have similar preferences. This problem can be addressed with Latent class analysis, in 
which the parameters of the probability of each agent of being part of a subset are estimated in 

 
  
The present paper explores the different approaches that developers may have towards spatial 
attributes when evaluating the location of a new residential project in expansion areas. 
Segmentation in real estate market is an important issue as an strategy of taking household 
market shares according to their desire of differentiation from other types of households, by 



income or other characteristics. The model presented jointly estimates both the importance of 
different characteristics in the projects in the probability of belonging to an specific class of 
projects, and given that class, the importance in the project utility of different spatial attributes.       
 
The paper is structured as follows. Section 2 provides an overview of the literature in the field of 
location choice, urban sprawl and agent heterogeneity. Section 3 presents our case study: 
Santiago (Chile) and Section 4 describes the data collection and processing effort. In Section 5, 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 6. Section 7 concludes the paper.  
 
 
2. LITERATURE REVIEW 
 
This review starts with an introduction to classic models of location and supply of built space, 
highlighting the theoretical models and current applications. Discussion in the area of urban 
sprawl is presen
more methodological state of art in latent class modelling for location choice is presented in the 
last section.   
 
2.1. Models that explain residential demand and supply for location 
 
Since the models of Von Thunen and Alonso (Alonso, 1964), residential location has generally 
been modeled as a bid among different agents (households) in which the location is taken by the 
highest bidder, which evaluates the utility of a location depending on his trade-off between living 
space (housing attribute) and commuting costs (location attribute).  
 
McFadden (1978) identified that the heterogeneity of location choice depends on a set of 
attributes of the house and its location (accessibility, dwelling characteristics, 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 zone attributes such as views, 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 is correlated to accessibility (houses vary their 
characteristics depending on their location) (Waddell, 1993).  
 
As for housing supply, it has not been studied as much as housing demand, because of the 
complexity of the decision-making process and the multiplicity of products involved (Smith, 
1976; Di Pasquale, 1999). Much of the literature for housing supply has focused on exogenous 
attributes such as macroeconomic conditions, investment and the elasticity between quantity 
provided and unit price, in the context of utility maximization processes (see for example 
DiPasquale & Wheaton, 1992; Smith, 1976). Because of its focus on macroeconomic aspects, 
studies in this area normally don´t address disaggregate spatial issues (accessibility and 
neighborhood characteristics) (Haider & Miller, 2004). 
 



Supply models based on microeconomic principles are included in models of land use and 
transport interaction (LUTI) such as Urban Sim (Waddell, 2000), MUSSA (Martínez, 1996) or 
ILUTE (Salvini & Miller, 2005). 
 
Urban Sim models supply based on the information of current buildings in each cell (150 x 150 
meters), and uses the year built data to identify the supply history of the cell. A multinomial logit 
for the probability of a cell to develop certain land use is estimated considering location 
attributes in different areas: site (existing development, etc.), urban design scale (proximity to 
highways, etc.), regional accessibility (access to jobs, etc.), and market conditions (vacancy 
rates) (Waddell et als, 2003). 
 

n 
zones and type of dwelling. The changes in supply levels depend on the rent variations for each 
zone and dwelling type, which reflects the willingness to pay function. As an equilibrium model, 
supply is constrained to equal demand.  
 
Haider and Miller (2004) propose a model to be used in ILUTE, which focuses on real estate 

information). Attributes aggregated in zones and accessibilities to opportunities calculated in a 
geographical information system (SIG) are used to estimate a logit model for different typologies 

 zone to similar uses.   
 
2.2. Drivers of urban sprawl. 
 
Abundant research has been made about urban growth from an economic perspective (Duranton 
& Puga, 2013), but the spatial characteristics of the development (sprawl or compact) has 
received fewer attention. Burchfield et al. (2006) related the extent of sprawl in USA cities to 
urban, topographic and political issues. These authors conclude that sprawl is related to cities 
built around automobile, lower historical population growth rates, uncertainty about future 
development (speculation), water aquifers in urban fringe, colder temperature (less value of open 
space), among others.  
 
According to Brueckner (2001), the principal reasons of sprawl are the population growth, 
income rise, and decrease in commuting cost. The author identifies three market failures behind 
the expansion of sprawl: failure to account for benefits of open space, for congestion costs, and 
for infrastructure costs.  
 
Some authors (Mieszkowski & Mills, 1993) perceive the sprawl as part of natural development 
of the city, derived from the raise of incomes of certain groups, which can afford larger houses, 
and transport advance which lowers travel times to the CBD. Other authors (Echenique et als, 
2012; Glaeser & Kahn, 2003) evaluate sprawl as equally efficient as compact development, 
based on the problems of overcrowding and reduced housing choices, and addressing a better 
quality of life in the suburbs. However, these authors seem to underestimate the effects of sprawl 
in increase of car use and the resulting increase in congestion (Ewing et al. 2003). 

 
2.3. Vectors of Growth from consolidated urban areas 



 
The localization of households in the city can be explained by decisions based on certain 
attributes that can be directly measured on a zone or buffer around the location. However, there 
are other attributes that may not be as straight forward, but could be linked to a more intuitive 
approach to agent decisions. The agents not only evaluate the disaggregate attributes of a bundle 
of localization candidates, they also perceive the city as a whole and evaluate the relative 
location of a candidate in relation to the city zones and its general structure.  
 
One of the first models of city structure was proposed by Park and Burguess (1925), in which the 
different activities are arranged in concentric rings surrounding the Central Business District 
(CBD), following the bid-rent curve. Hoyt (1939) proposed a more elaborated model derived 
from the empirical review of 64 cities in the United States, from which emerged a sector model 
based on stripes of homogeneous zones connecting the center to the outer areas. The reasoning is 
that the sectors of the city grow outwards from the preexisting sectors, assisted by radial 
transport lines. The racial element and poverty zones play a key role in defining these stripes, 
which reach the center avoiding undesirable zones.    

 

Ullman and Harris (1945), whom recognize the importance of the concentric and sector models, 
but observe that cities don't have just one center but many. The authors elaborate on the factors 
that create centers but also that separate them because of incompatibilities and specialization. 
 
2.4. Heterogeneity in location choice 
 
Location choice models have represented heterogeneity via dividing agents in different 
subgroups, each with different valuation parameters. This segmentation traditionally has been 

Endogenous segmentation has been done with latent classes; 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.  
 
3. MODEL OF DEVELOPER BEHAVIOR 
 

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 problem1.  
 
The model was formulated as a discrete choice model (Domencich & McFadden, 1975; 
McFadden, 1978), in which there  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: 
 

(3) 

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

 (4) 

 
Where  is the benefit of choosing location  for the developer of class  and  is the cost of 
developing the project in zone . Since price is predefined, the benefit comes mostly from sale-
speed of the project and can be interpreted as the (expected) present value of the revenue at 
location . 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 ( ). For the same 
reasons, the expected benefit depends only on location, and not dwelling attributes.   
 
We assume that, given a class of project , the probability of developing a particular location  is 
proportional to the expected profit on that location, compared with all other possible alternatives. 
We assume that a random term , accounting for unobserved attributes and behavior of the 
developer, can be associated to the profit for each type of project in each location. 
 

  (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: 
 



 (7) 

 
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: 
 

 (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:     
 

(9) 

 
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 
 
4. APPLICATION: SANTIAGO CASE STUDY 
 
Santiago is the main city of Chile in administrative, commercial and demographic aspects, 

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 

2 (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 

 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). 
 
 
5. 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 Inciti3. The second type is mainly census data (2002) and network topology. 
From this data we derived accessibility measures. 
 
Explanatory variables or attributes ( ) used in this modelling effort are described in Table 1. 
 

Table 1: Attributes used in proposed models 

Detailed information about data sources and calculation methodology is described below. 
 
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. 
 
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).  
 

Figure 3: Location of Residential 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, 
Cáceres & Cerda, 2001). 
 
5.3. Accessibility and distance 
A shape of roads is extracted from Openstreetmap4, which is the input for accessibility metrics 
calculated for this model. The methodology for this attribute is described in model methodology. 
 
In this particular case, we use accessibilities as proposed by (Ingram, 1971), defined by the 
following equation. 
 

(5) 
  

With  as a decay parameter. This  parameter was estimated by plotting an histogram of 
number of trips by duration of the trip (SECTRA, 2015), and adjusting an negative exponential 
to the histogram, which estimated a beta parameter of -0.05 to fit the data. This is a proxy of 
accessibility decay along travel time or accessibility-travel time elasticity.  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. 
 
Average distance to hillsides was calculated for each cell, measuring the distance to the closest 
hillside in each 360 directions separated by 1°, and making a simple average. The result is a map 
of more open and enclosed spaces.  
 
6. ESTIMATION RESULTS 
 
We estimate the models through maximum likelihood using the statistical software Biogeme 
(Bierlaire, 2003).  
 
From the class membership model results (bottom of Table 2), Class 1 can be interpreted as 

higher number of units in the project.  
 



Table 2: Estimation results. 

In the model, the signs for the location attributes perform as expected. Plot value (cost of the 
land) is negative for both classes. 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). 
 
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. We assume there
in this variable. 
 
An interesting issue with endogeneity emerged during the estimation process. The same 

those projects tend to locate far from this ring, but not because the accessibility to the ring itself, 
but because of the presence of certain amenities. When the distance to hillsides was introduced, 
the endogeneity problem was solved.     
 



Other interpretation to this attribute of is exclusivity. Average distance to hillsides shows to be 
significant for both classes, being negative for high price and positive for low price projects. This 

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.  
 
7. CONCLUSIONS 
 
Model results showed the important difference in valuation of different spatial attributes for 
different classes of projects, and also showed that project price and other characteristics are 
relevant to segment projects according to their valuation of space.  
 
It  interesting that introducing a spatial attribute we could correct an endogeneity problem that 
was observed in a previous model (that high price projects show a negative parameter for 
accessibility to city outer ring). As we introduce this new attribute, this parameter turned to 
positive sign. With this result, we can interpret the average distance to hillsides as a centrifuge 

locations. Projects looking for small average distance to hillsides locations is linkable to the 

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  the case. We think that more precision in the land 
value data is needed to correct this endogeneity. 
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