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Construction of a Spatial Housing Price Index by Estimating an
Almost Ideal Demand System

Victor Iturra
Universidad Catolica del Norte, Chile
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The aim of this article is to build a spatial housing price index for the Chilean communes (the
commune political body similar to a municipality or county). The first step is to recover
hedonic prices of three housing attributes by estimating a mixed index model (Bowden, 1992)
using a generalized method of moments procedure. Secondly, a censored almost ideal demand
system (Deaton and Muellbauer, 1980) is estimated to build expenditures for every commune
and to compare them among different spatial units, while maintaining a constant utility level.
Using micro data from the 2009 CASEN survey, we show that there are important differences
in housing prices among Chilean communes and the axiomatic approach tends to understate
spatial index compared to economic approach.

Classification JEL: R21, C34, C36
Key words: spatial housing price index, mixed index, demand system with censored data,
economic approach

1. Introduction

A cost of living index (CLI) measures the monetary cost differential for a representative
consumer in the context of two distinct prices while maintaining a constant level of welfare
(Konus, 1924). Both the literature and statistical offices relate the CLI to a temporal variation,
or inflation. While this measurement is relevant for economic policies, such as monetary or
wage adjustment policies, time is not the only dimension of analysis. Space is excluded from
the theoretical and empirical discussion, namely, that two individuals face different
expenditures to reach the same level of welfare. This implies that the CLI also measures the
spatial differences of cost of living index (SCLI), correcting the comparison of monetary units
such as the GDP or regional poverty rates. Moreover, while price differentials are marginal
over time, they can be greater across space, being at least proportional to transport costs.
Thus, an SCLI could present greater variability than inflation, making its estimation necessary
for regional economic analysis. Given that official statistics do not generate this measurement
for Chile (nor for the majority of countries), this article contributes the estimation of a proxy
of the SCLI, namely a spatial housing price index (SHPI) for 2009 at the minimal available
scale, the communal level.

The SCLI must be computed with cost information for each of the consumer goods and
services in two regions. However, this data is not readily accessible in official statistics',
making it necessary to work with limited information. In this sense, the literature recognizes
the item “housing” as an adequate proxy for the SCLI because it is non-traded spatially, so

' While the 6th family budget survey undertaken by the National Statistics Institute (INE) gathered information
about consumer expenditures in the regional capitals, the information is not applicable for regional comparison
because it does not provide a representative sample.



that its differentials represent the price pressures associated with each spatial unit (Timmins,
2006). In the case of Chile, the National Socioeconomic Characterization Survey (CASEN)
contains the final prices and housing characteristics with communal representativeness.
Considering both, the theoretical argument of Timmins (2006) and the limited information,
this article approximates the SCLI by estimating the SHPI, a task that has only been
developed in Chile in the articles of Paredes and Aroca (2008) and Paredes (2009).

Housing is a heterogeneous good. Consequently, housing market prices should not be
compared without correcting for their characteristics. In this respect Paredes and Aroca (2008)
proposed estimating the hedonic prices of “similar” housing across space. Subsequently, they
used average regional hedonic prices and a fixed consumer housing basket to estimate
regional costs, a technique known as the axiomatic approach (Pollak, 1980). Paredes (2009)
followed the axiomatic approach, but evaluating the robustness of diverse statistical
techniques used to select housing units with “similar” characteristics.

This article recognizes the contributions of Paredes and Aroca (2008) and Paredes (2009)
because they represent the first efforts to estimate a SHPI in Chile. Nevertheless, at least
three weaknesses can be identified. First, our approach assumes that individuals necessarily
acquire different housing across space. In contrast to Paredes and Aroca (2008) and Paredes
(2009), it is not required that the SHPI represent the cost differential for a fixed consumer
basket, but rather it is assumed that different geographic or urban characteristics imply a
spatial substitution of the consumed characteristics®.

Secondly, our methodology modifies the standard regression of hedonic prices in assuming
that the socioeconomic characteristics of individuals affect their consumption of housing.
Unlike Paredes and Aroca (2008) and Paredes (2009), we propose the mixed index (Bowden,
1992) to estimate hedonic prices, thus reducing potential problems of consistency in the
estimation and improving the estimation of the SHPI.

Finally, Paredes and Aroca (2008) and Paredes (2009) estimate the SHPI at the regional level,
assuming that this measurement correctly represents intra-regional spatial heterogeneity.
However, assuming that the region represents the communes within it could bias the
development of urban policies. Our paper contributes with the first estimation of a communal
SHPI for Chile, providing price information at the lowest available scale.

These contributions have two main elements. The first is related to the methodology to
estimate an SHPI, in which space imposes critical restrictions in its construction. The second
element is related to the use of the SHPI to adjust monetary units at the communal level. This
information will contribute to understanding diverse economic phenomenon, such as inter-
communal commuting or the development of urban zoning policies, among others.

In this context, the objective of this paper is to construct a communal SHPI for Chile. The
hypothesis of this work is that the purchasing power of consumers is not homogenous across
different communes, that is, that consumers face substantial differences in prices to access the
same level of utility between two distinct communes.

This paper is organized as following. Section 2 presents a review of literature in Chile about
hedonic prices and housing price index. The following section presents the theoretical

? For example, housing in southern Chile has specific characteristics owing to the climate, such as the quality of
roofs and walls to confront low temperatures and heavy rains, in contrast to housing in the north where the
climate does not making such housing characteristics necessary.



framework underlying the contributions of this article. Section 4 discusses the methodology
used and Section 5 presents the data to make estimations. The results are then presented and
discussed, followed by presentation of the main conclusions.

2. Literature Review

There is scarce literature about hedonic prices and the construction of an SHPI. The only
papers that have discussed the theme as it applies to Chile are those of Paredes and Aroca
(2008) and Paredes (2009). This section reviews both papers, highlighting their contributions
and limitations. Having identified the two elements, the main proposals found in the literature
to deal with these problems and improve existing estimations will be discussed.

2.1 Literature in Chile

The estimation of a price index for homogeneous goods uses prices, quantities and a defined
cost function (Pollak, 1980). However, heterogeneity in housing imposes special conditions
given that only the final price is observed and not the prices of housing characteristics. This
implies that two steps are needed to construct the SHPI. Firstly, the shadow prices of each of
these characteristics are obtained with hedonic regressions. With the prices and the housing
characteristics (quantity), it is possible to reconstruct the cost and estimate the SHPI.

Rosen (1974) formalized these two stages. Firstly, the “hedonic prices” of each characteristic
are estimated with a non-linear regression that allows price variations among consumers. The
hedonic prices and the quantities consumed are used to construct costs. Papers dealing with
this first step include Lira (1978) and Figueroa and Lever (1992). Lira (1978) used a sample
of houses and apartments in fourteen communes in the Metropolitan Region (MR), and
estimated that square meters and location positively affect rental price. Figueroa and Lever
(1992) estimated that surface area and the socioeconomic level of the neighborhood positively
affect the price of constructed square meter for the Metropolitan Region. While both papers
represent pioneering studies in estimating hedonic prices for Chile, they focus on the
Metropolitan Region and do not extend their results to other regions of the country or to the
construction of an SHPI.

An advance emerged in the literature with Paredes and Aroca (2008), who constructed an
SHPI in two steps. Firstly, they used a statistical technique to find similar housing units or
“clones” across space and estimate the hedonic regression for these housing groups. They
equalized housing units among regions to then estimate hedonic prices. The second step
implies using a fixed consumer housing basket and the hedonic prices estimated to compute
regional costs and obtain the SHPI. The results for 2003 indicate that Antofagasta has the
highest housing prices in Chile.

Paredes (2009) evaluated the robustness of the methodology to find similar housing units
among the regions. The author evaluated techniques that minimize the differences among
housing characteristics in the base region and comparison regions. The results indicate that
Antofagasta was again the most expensive region in Chile in 2006.

The literature in Chile has advanced, from estimating housing price determinants using
hedonic prices, to estimating a regional SHPI for Chile. However, there are two problems that
have not been addressed in the literature, which impedes considering the estimated indexes as
an adequate approximation of the SCLI. The first problem is bias in estimating hedonic prices
and the second is the use of a fixed consumer housing basket across space that does not reflect



the geographic and urban heterogeneity of housing characteristics. The following briefly
reviews the literature that covers these problems and proposed solutions.

2.2 Hedonic prices for housing

Bowden (1992) suggested that the estimation of hedonic housing prices is theoretically biased
when it does not consider the characteristics of the owner or renter. The author argued that
prices have an allocation role, so that a correlation structure is created between the
characteristics of the individual and those of the good or service in demand. The author called
this the mixed index problem. In the case of cross-sectional studies, the mixed index problem
is characterized because the housing characteristics and those of the individual contain two
indices, one for the housing and the other for the individual, thus affecting the estimation of
hedonic prices.

The characteristics of housing and of the individual are not independent, because of which the
error term is related to the regressors. This situation does not allow for maintaining the
assumption of strict exogeneity of the housing characteristics, producing bias in the
estimation of hedonic prices and distorting the SHPI. Bowden (1992) proposed that the
hedonic regressions should be estimated as a system of equations between the characteristics
of housing and of the individual, such that the correlation of the elements is considered in the
estimation of hedonic prices.

Brasington and Hite (2008) compared the performance of Bowden’s mixed index to those of
traditional hedonic price models. Their comparisons indicate that the mixed index provides
better predictions than the traditional models, in particular for the variable quality of the
housing environment. The comparison also suggested the estimation of hedonic prices is less
skewed. The authors concluded that the mixed index improves the coefficients estimated from
the hedonic regression.

The second step of this work implies estimating a cost function from a demand system to
construct the SHPI for the communes of Chile, in which the consumer housing basket is not
fixed a priori, but rather the level of utility of the consumer is fixed.

2.3 Demand system for housing

Obtaining the hedonic prices in the first step provides the prices for each characteristic per
individual. The second step estimates a demand system to obtain costs in function of a
constant level of welfare. Parsons (1986) estimated the demand functions for seven cities in
the United States using an almost ideal demand system (AIDS) (Deaton and Muellbauer,
1980) for four housing attributes. The AIDS maintains the conventional properties of the
consumer theory and recovers the cost function that depends on prices and utility from
estimated parameters of the demand system. The comparison of costs among spatial units,
while maintaining the level of consumer welfare constant, is known as the economic approach
to construct SCLI. This paper follows this approach, that is, the consumer expenditure
function is recovered by estimating a demand system.

The SHPI is estimated at the communal level, because of which it does not extrapolate
regional information to the constituent communes of the respective regions. This avoids
strong assumptions about the patterns of local supply of non-traded commodities (Timmins,
2006). As well, the high level of residential segregation in medium-sized and large cities
implies that there is a high degree of heterogeneity in the SHPI at the intra-regional level.



Consequently, using the commune as the spatial unit of analysis implies greater homogeneity
in price information and characteristics. In this sense, the SHPI is constructed with greater
precision, which allows for its use both for urban planning policies and for adjusting
monetary unit for this spatial scale, as well as for policy evaluation (Parsons, 1986).

In summary, the estimation of the SHPI involves two steps, the first of which involves
estimating hedonic prices, while the second estimates the demand system. Both steps
recognize the contributions of the literature to overcome the limitations of the papers of
Paredes and Aroca (2008) and Paredes (2009), that is, obtaining more precise hedonic prices
by reducing bias through the use of the mixed index (Bowden, 1992) and assuming
heterogeneity in housing characteristics, using the estimation of an almost ideal demand
system (Deaton and Muellbauer, 1980).

3. Theoretical framework

This section reviews the theoretical elements in estimating hedonic prices using the mixed
index. As well, two additional sources of bias in estimating the system of equations are
explained. With the hedonic prices, the second step estimates a demand system. This section
details the formulation of a demand system and the assumptions considered in estimating an
AIDS, indicating its relationship to the construction of the CLI from this approach.

3.1 Hedonic Prices and the Mixed Index

Rosen (1974) defined hedonic prices as the implicit prices of attributes. Housing is defined as
a good composed of attributes or characteristics summarized in a vector of |/ elements
Z = 7, ....,Z;. The housing price will depend on the set of its characteristics, consequently it
is a function P(Z), increasing in all its arguments, continuous and has a second defined
derivate. The price of the housing can be expressed as:

P=P(Z,...,Z;)) = P(Z) (D

Rosen (1974) pointed out that to recover hedonic prices it is necessary to estimate a
regression of observed prices of housing on all of their characteristics, using the best fitting
functional form. Thus, the set of implicit marginal prices is computed as:

o7 =r(2) @)

Rosen (1974) did not indicate the appropriate functional form to specify the hedonic
regression. However, the author indicated that a non-linear functional form should be used to
ensure the variation of hedonic prices among the individuals of the selected sample.

The mixed index implies that the housing price depends on both the characteristics of housing
and of the individuals, specifically their level of income, which are not independent. For
example, better quality housing is associated with individuals with higher incomes.
Consequently, there is no strict exogeneity between the regressors (such as quality) and the
elements included in the error of estimation (such as certain unobserved determinants of
income).

Given the simultaneousness of housing prices and the economic characteristics of the
individual, the literature proposes an economic model of the equation system to reduce bias in



the coefficients, the equation of hedonic housing prices being the first, while the specification
about the determinants of individual income is the second (Brasington and Hite, 2008):

P=P(Zy,...,Z,Y) (3)
Y =YXy, ..., X))

Where P and Y are the price vectors of housing and incomes of individuals, respectively, both
of dimension 1xN and X = X, ..., X; is the vector of L determinants of the incomes of the
individuals.

This model, in its estimable version, estimates hedonic housing prices and reduces bias in the
coefficients. However, this research addresses two additional sources of bias. The first source
is those factors that affect the quality of housing, such as the physical attributes of the city or
amenities (Glaeser, 2001), where variables related to the housing environment impact on the
quality of housing. However, it does not have information at a low spatial scale (the block or
neighborhood) to quantify this relationship, implying a potential source of endogeneity. This
article estimates the system of equations through the generalized method of moments to
reduce bias in the estimation of the parameters related to the quality of housing.

Combes et al. (2008) proposed three sources to explain the spatial disparity of salaries. The
first arises from the differences in the abilities of the labor force among different regions. The
second comes directly from the initial endowment of some regions that gives rise to higher
levels of productivity of the labor force. The third arises directly from the positive impact of
the interaction among businesses on labor productivity3.

According to Combes et al. (2008), the Mincer equation used in the income regression in this
research controls the first source of bias but does not consider the second and third. Thus, the
impact of the initial endowments and agglomeration externalities are reflected in the
coefficient of years of education of the individual. The use of instruments through the
generalized method of moments filters the information from the agglomeration economies of
the estimated coefficient of the years of education of the individual.

Once the hedonic prices of housing characteristics are obtained, the second step involves
estimating a demand system to finally construct the SHPI. The following presents the
theoretical basis for the construction of the SHPI, the approach used in the literature in Chile
and the approach proposed by this research.

3.2 Cost of Living Index

Pollak (1980) pointed out that a CLI is the ratio of expenditures required to reach a particular
base indifference curve given two distinct price regimes. In a spatial dimension, the CLI
measures the minimum expenditure necessary to reach a level of utility in a region relative to
the necessary expenditures in another reference spatial unit (Timmins, 2006).

Paredes and Aroca (2008) and Paredes (2009) approximated the SCLI using a fixed housing
basket, that is, from an axiomatic approach. This research proposes approximating the SCLI
from a heterogeneous consumer housing basket, that is, from an economic approach. The

* Marshall (1920) identified three sources of agglomeration economy, dense productive linkages, a dense labor
market and technological externalities in the industrial localization.



following reviews the theoretical basis for the construction of the CLI from this approach®,
indicating the advantages of the economic approach proposed by this research and its
relationship to the AIDS.

As Konus (1924) indicated, the calculation of the true cost of living index under the economic
approach requires the combination of consumer goods that allows reaching a level of
reference utility. The problem in constructing a true cost of living index is establishing a
functional relationship between the quantity consumed and prices. Formally, the CLI is
expressed as:

e(p€u)

CLI =2 50 4)
Where p¢ and p? represent the price vectors in the comparison (c) and base (b) spatial units,
respectively, e represents a homogeneous cost function of degree one that is nondecreasing,
continuous and concave in prices and strictly increasing and continuous in utility, which
provides the minimal cost to reach the level of utility & in the context of prices p. As can be
appreciated in equation (4), the quantities consumed in the base and comparison regions are
not fixed, given that they depend on the local price levels. This is the main difference from
the axiomatic approach in which quantities and prices are independent (Breuer, 2007).

Paredes and Aroca (2008) and Paredes (2009) approximated the true CLI using the Fisher’s
ideal index, which uses a fixed consumer basket assuming an homogenous quadratic utility
function. However, it is not known if this function represents average consumer preferences
for every spatial unit. The economic approach, using the demand system estimation of Deaton
and Muellbauer (1980), only maintains the utility level fixed among all spatial units, without
assuming a functional form. The consumer housing basket in each commune can vary
according to the differences in the relative prices of the characteristics, which requires a
functional relationship between the prices and characteristics of the housing consumed
through a demand system.

Deaton and Muellbauer (1980) proposed using the AIDS to specify this functional form. The
AIDS provides a first order approximation of any demand system, satisfying the axioms of
choice and aggregation without requiring that the demand for goods is proportional to
variations in income (Deaton and Muellbauer, 1980). The cost function for the model is
defined as:

_ 1 _ ;
Ine(py, 1) = ap + X a; Inpy + gZiZj YijInpy Inpj + up, l'lipﬁc (5)

Where p;, and pj; are the hedonic prices of the characteristics i and j of the commune k;
insofar as g, a4, ¥;j, Bo B; are the parameters that define consumer preferences (Deaton and
Muellbauer, 1980).

The derivation of the demand functions simplifies the estimation process, given that the
number of parameters can be reduced. Using Shepard’s lemma, the cost function is
differentiated in respect to Inp; to obtain the demand functions of the attributes as a
proportion of the cost:

* The stochastic approach is another method to approximate the CLI. For details on this methodology see
Diewert (1995).



Wi = a; + XjVijInpj + fiIn (g—’;) (6)

Where wy;, is the budget share of i-ith characteristic of housing in region k; Xk / P, is the real

expenditure of all housing attributes and the vector of P, is defined as:
1
In Py, :050+Zi05ilnpik+52i2j}’ij1npiklnpjk @)
Three properties of the consumer theory could be imposed in the parameters of the AIDS,

namely: Slutsky symmetry, the homogeneity of degree zero in prices and expenditures and
the adding-up condition:

Yij = Vji )
Ej Vij = 0 ©)
Ej a; = 1 Zin=1yij =0 Zin=1 Bi =0 (10)

As already mentioned, estimating the SHPI with the economic approach requires a functional
relationship between hedonic housing prices and the quantities consumed of each
characteristic. The AIDS establishes this functional relationship without assuming a priori a
functional form of the utility function and maintaining the conventional properties of the
consumer theory. Average consumer expenditures are recovered by estimating the parameters
of the AIDS. Average consumer expenditure can vary over space owing to the differences in
the relative prices of housing characteristics among communes. The utility level is the only
fixed factor required to calculate the CLI from the economic approach. This condition can be
clearly appreciated in expression (5):

_ 1 : i
Ine(py, ) = ay + Z a; Inp;, +§ZZVU Inpy Inpj + ufy 1_[295(
7 T i

The construction of the SHPI under the economic approach compares costs between two
communes, as expression (5) indicates, while maintaining the level of utility between these
spatial units fixed. The prices facing consumers in the two communes are different.
Consequently, the costs of housing attributes to reach the same level of utility are different.

4. Methodology
4.1 Hedonic prices regression

Estimating the hedonic prices of the housing characteristics involves using a non-linear
functional form to estimate the system of equations composed of the hedonic and income
regressions and a set of instruments for each regression. The following details the
methodological considerations involved oriented to recovering hedonic prices.

As Halvorsen and Pollakowski (1981) indicated, the regression of hedonic prices, in their
reduced form reflects the influences of supply and demand. Consequently, there is no
theoretically justified functional form for its estimation. Rosen (1974) indicated that the best
fitting non-linear functional form should be used.



To carry out the estimation it is necessary to generate an estimable version of our economic
model defined in (3). The housing price (P) is assumed to be a random variable with
E[|P|] < . Using the decomposition property, this random variable can be separated into a
deterministic element, namely a conditional expectation and a random component (Angrist
and Pischke, 2009; Wooldridge, 2002). Thus, the housing price paid by an individual i is
expressed as:

P, =E[P|Z] + ¢ (11)

Where ¢;, by construction, is independent of Z, that is E[g;|Z] = 0. As well, the error term
meets the condition E[e(Z)] = 0 for any function defined for Z. To obtain an estimable
version, the researcher should assume an explicit functional form for the conditional
expectation.

The literature in Chile in general has used a semi-logarithmic functional form (Paredes and
Aroca, 2008; Paredes, 2009, Figueroa and Lever, 1992; Lira, 1978). This non-linear
functional form allows recovered hedonic prices to vary for each observation of the sample.
This variation at the individual level is fundamental to avoid the multicolinearity of the
hedonic prices in the second step of the estimation. However, although the semi-logarithmic
form is non-linear and recommended by the literature (Malpezzi, 2002), it presents a
limitation for using recovered hedonic prices to estimate AIDS. For a semi-logarithmic form,
the conditional expectation of the price paid by an individual i for a housing unit with
characteristics j is expressed as:

E[InP;|Z) = Bo + I, BijZ;; (12)

Consequently, hedonic prices for housing characteristics are calculated with the following
expression:

pi(Z) = ePor i PiiZi Bij = Py * By (13)

Thus, the hedonic prices for the housing characteristics j and j + 1 are:
pi(2;) = P;; = Bi; (14)
Di(Zj+1) = Pij * Bijsa (15)

Expressions (14) and (15) correspond to two vectors of independent variables in the second
step. Both indicate that for n individuals in the sample, the difference between the hedonic
prices of the characteristics j and j + 1is ([?l-j - ﬁiﬂ_l), a constant difference for the n
individuals of the sample. This particularity of the semi-logarithmic functional form implies
perfect multicolinearity among hedonic prices, which upon being used to estimate the
parameters of the AIDS results in the matrix of n individuals by J housing characteristics
being singular, it not being possible to estimate the demand system coefficients.

In this line, the log-log functional form presents the non-linearity indicated by Rosen (1974),
but unlike the semilogarithmic form, variability in hedonic prices is related to the quantity of
each attribute that is consumed by each individual in the sample (Pasha and Butt, 1996). The
conditional expectation of this functional form is expressed as:



E[lnPl]|Z] =,30+2{=1ﬂl]an” (16)
The hedonic price for characteristic j is calculated with the following expression:

pi(2)) = eFo Pty « T = Py T (17
As can be appreciated in expression (17), the log-log functional form allows hedonic prices to
vary among individuals in function of the quantity of housing attributes they consume,
without causing the perfect colinearity of the semilogarithmic functional form. This functional
form meets the necessary conditions to undertake the two steps proposed by Rosen (1974),
that is, firstly the recovery of the hedonic prices of the characteristics and secondly the
construction of consumer expenditure in each spatial unit.

The estimation of the hedonic regression coefficients, based on Bowden (1992), considers the
application of a system of equations in which for a housing unit with characteristics j
demanded by individual i this system is expressed as:

Y, = E[%1X] +

Thus, it holds that:

E[z;+Y]=#0 (19)
E[X; *n,] # 0 Q1)

The first condition reflects the dependence between the housing characteristics and those of
the individuals, for which this system of equations is estimated to reduce bias in the
estimation of the coefficients of the hedonic regression. According to our theoretical
framework, the second and third conditions indicate that there is no strict exogeneity of the
regressors with respect to the error term. To deal with these sources of endogeneity, two
matrices of instruments were used, K and T, of equal dimension to the number of communes
multiplied by the number of instruments used in each matrix, which are applied to the hedonic
regression and the income regression, respectively.

With regard to the income regression, this article considers the semilogarithmic functional
form proposed by Mincer (1974) in which the variable to be explained is the hourly income
logarithm of the individuals (InY;), in function of their number of years of educational (Ed;),
years of work experience (Exp;) and this term squared (Exp?). Dummies were also used for
sex (S;) (1 man and 0 women) and economic field of work of the individuals (4;), which
considered nine groups, namely, hunting and forestry, mining, manufacturing, utilities
(power, water and gas), construction, commerce, transportation, financial establishments,
communal and social services, as well as unspecified activities:

E[ln YlIXL] = 60 + 61Edi + 52Expl- + 52Exp12 + 63Si + Z?n=1 SimAim (22)

In summary, to obtain the hedonic prices, the system of equations (18) is estimated to reduce
three sources of endogeneity. Given that different instruments are used for each equation
whose number is greater than the regressors, the generalized method of moments (GMM) was



used. The use of different instruments for each equation implies that the system of equations
should be estimated with a full-information instrumental variables efficient estimator (FIVE)
under conditional homocedasticity among the equations of the system (Hayashi, 2000).

4.2 Estimating the almost ideal demand system with censored data

Once obtained, the hedonic prices of housing characteristics are used to estimate the demand
system. However, there are individuals within the sample that do not demand certain housing
attributes, which imposes a restriction in two areas. Firstly, it is not possible to recover
hedonic prices from expression (17) for these individuals given that the denominator is zero.
Secondly, the sample is censored and does not consider individuals with zero consumption,
which implies a source of selection bias. That is to say, the non-consumption of certain
characteristics can be associated with latent variables that determine the decision to consume
the housing characteristics or not (Bakhshoodeh, 2009).

To deal with this problem, Helen and Wessells (1990) used the two-step Heckman technique
(1979). The first step estimates a probit regression d; =1'j4; +e; for every housing
characteristic to determine the probability that a consumer demands this characteristic. The
dependent variable d; of the regression is a binary variable that has the value of 1 if the
consumer demands the characteristic and zero if he/she does not. The explanatory variables
are latent variables that induce the consumer’s decision to demand the characteristic or not.
With this information the density function ¢ and the accumulated probability function @ are
calculated for consumers of each of the housing attributes. With this information, in turn, the
inverse Mills ratio is determined as the density function ratio over 1 minus the accumulated
probability function. The inverse Mills ratio for every attribute is used as an instrument to
estimate the AIDS (Bakhshoodeh, 2009).

Shonkwiller and Yen (1999) suggested that using the two-step technique of Helen and
Wessells (1990) produces the estimation of inconsistent coefficients of the demand system.
The authors proposed incorporating the information from the first step by multiplying the
explanatory variables of the demand system by (D(l']-/lj), and density g(l'jlj) appears as an
additional explanatory variable for each equation of the demand system, which is the solution
we adopted for the second step in our research.

The estimation of the AIDS for the housing characteristics takes the following form:
2 X ’

Where:

w; = ? is the proportion of expenditure on the characteristic j over the total expenditure on

housing for individual i.

p; is the hedonic price of housing characteristic j.

x is the vector of the total expenditure on housing characteristics.

Bi, @i, Yij, @; are the vectors of parameters to be estimated.

w; is the vector of errors of dimension n. It is assumed that w;~N(0,52I) for each
characteristic j and E [a)iwj] # 0, withi # j.

The AIDS is estimated by a nonlinear seemingly unrelated regression using generalized non-
linear least squares. This methodology is recommended when it is necessary to impose



restrictions on the parameters and there are correlation errors among the equations of the
system, as is the case of the demand regression of the AIDS.

Finally, with the estimated AIDS parameters, the expenditure function for the average
individual in every commune on housing characteristics was recovered with the estimated
AIDS parameters in order to construct the SHPI.

Figure 1: Map of Chile

1crm =202 km



5. Data

The data were obtained from the 2009 National Socioeconomic Characterization Survey
(CASEN) undertaken by the Ministry of Planning (MIDEPLAN). CASEN is a representative
household survey at the national, regional, communal, urban and rural levels. CASEN 2009
surveyed 246,924 persons in 71,460 households in 334 communes.

Several filters were applied to the original survey for the purpose of this research. The first of
these filters was used to separate heads of households who report the rental price of their
housing. The other filters were applied at the level of housing and homeowners. The final
sample for the estimation of the system of equations (18) corresponds to 5,630 observations.
The information for the instruments was obtained from the 2009 Municipal Information
System.

The variables used for the regression of the hedonic prices are the housing rental price
(dependent variable), number of bathrooms, number of bedrooms, the global housing quality
index (GHQI)’, dummies variables for the square meters of the housing units and dummies
variables for each region in Chile. The set of instruments for this regression are population
density and crowding index.

The variables used for the income regression are the hourly income of the worker (dependent
variable), years of education, years of work experience and years of experience squared,
dummies by sex and economic area of the work of individuals. The set of instruments for this
regression are distance to the national capital from each commune, distance to the regional
capital from each commune, communal population density, proportion of communal
population economically active in the primary sector, proportion of the communal population
economically active in the secondary sector and proportion of professionals in total communal
employment.

Table 1: Description of the main variables to estimate the System of Equations

Variables® Description Mean SD Min. Max.
Housing | Number (CLP) 90,161 | 71,625 | 5,000 | 1,500,000
rental price

Bedrooms Number 2.41 0.92 1 12
Bathrooms Number 1.12 0.39 1 5
GHQI Between 0 and 1 0.88 0.1 0.29 0.99
Square Dummy 1= more than 100; 0= 0.07 025 0 1
meters 100 or less

Education Years 11.33 3.67 0 20
Experience | Years 28.75 12.52 4 81
Sex Dummy 1= man, 0 = women 0.76 0.43 0 1

? Descriptive statistics for 5,630 observations.

6. Results

* Index constructed according to the methodology of the Latin American and Caribbean Demography Center
(Centro Latinoamericano and Caribefio de Demografia - CELADE).



6.1 Estimation of hedonic prices
To recover the hedonic prices of the housing characteristics requires estimating the system of
equations (18), which incorporates both the instruments for the regression of hedonic prices

and individual income equation.

Table 2: Coefficients estimated for the hedonic regression through the system of equations

Variables Coefficients Variables Coefficients
Ln (Bedrooms) 0.16 Ln (Income) 0.21
(3.86) (6.01)
Ln (Bathrooms) 0.59 Education 0.28
(12.81) (19.79)
Ln (GHQI) 1.38 Experience 0.008
(1.26) (1.09)
Square meters 0.16 Experience” 0.0004
(4.03) (3.26)
Constant 9.87 Sex 0.27
(26.73) (5.95)

z-values in brackets , 5,630 observations; Method of estimation: GMM-FIVE.

As can be appreciated in Table 2, except from GHQI, the coefficients of the hedonic
regression are statistically significant and with the expected signs. They have a positive effect
on the housing rental price. Housing with more square meters and that belong to individuals
with higher incomes also present higher rental prices. Recovery of the hedonic prices of
housing prices were made using (17), which are used as regressors to estimate the AIDS. As
mentioned in the methodology section, some consumers do not demand certain housing
attributes, because of which there is a potential selection bias which leads to estimating the
AIDS as a censored model to obtain consistent coefficients.

6.2 Estimation of the almost ideal demand system
The estimation of the AIDS with censored data was carried out using expression (23). The
table below shows the results of the estimation using the correction by bias with censored data

and without this correction.

Table 3: Coefficients estimated for the almost ideal demand system

Variables Uncenspred Censo.red Variables Uncenspred Censo.red
Coefficients | Coefficients Coefficients | Coefficients
aq 0,08 0,09 Y12 6,47e-11 0,0002
(1,4e+07) (90,72) (-0,16) (5,34)
a, 0,28 0,33 Y22 -4,84e-10 0,002
(1,6e+07) (52,11) (-0,36) (3,97)
By 1,03e-09 0,001 ¥4 0,05
(-1,21) (9,12) (49,23)
B 2,93e-09 0,009 Qs 0,19
(-1,08) (8,65) (67,46)
Y11 -1,57e-10 0,0001
(-0,52) (3,63)

z-values in brackets .

Seemingly unrelated regressions (SUR). Reference share w; (GHQI).

Sample size: 5,441 observations distributed in 325 communes. Method of estimation:




The results of estimating the AIDS under an uncensored model versus a censored model
highlights the change in the statistical significance in the most of the estimated parameters.
With respect to the estimation of the model with censored data, the positive signs of the
coefficients f5;, indicate that housing characteristics are defined as luxury goods, that is, in the
context of an increase in real expenditure on housing, the proportion spent on housing
attributes increases. Parameters y;; are all statistical significant, each y;; represents the effect

on budget share of an increase in housing attribute j with (%) held constant. The parameters

that correct the selection bias of the sample ¢; are all statistically significant.

Once the AIDS coefficients have been estimated, the final step to construct the SHPI is to
recover the expenditure function (5) to compute the housing expenditure of a consumer
situated in median® for each commune, given a constant level of utility. The reference level of
utility corresponds to the commune of Santiago, the capital of the Metropolitan Region, that
is, the SHPI indicates the compensation in the cost of moving from the commune of Santiago
to any other commune.

The figure below shows the SHPI constructed under the axiomatic approach using the Fisher
index and the economic approach. The information is shown in accordance with the
geographic configuration of Chile as it is shown in Figure 1, for convenience the communes
are presented in a different way, that is to say, the communes from north to south are ordered
along the left to right axis. The SHPI constructed under the economic approach are situated
over the Fisher index for the majority of the Chilean communes. The communes with the
highest housing prices are in the Metropolitan Region, followed by the communes of Calama
and Antofagasta in the Second Region. It is worth noting that the Metropolitan Region has the
highest concentration of population in Chile, while the Second Region has the fifth largest
population among the regions in Chile according to the 2002 Census.

® The median is the most appropriate measurement of the central tendency for assymetric distributions, such as
income given that there are few individuals that accumulate an important part of their income.



Figure 2: SHPI for Chilean communes according to the axiomatic approach versus the
economic approach.
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To determine if there are significant differences between the SHPI calculated using the
economic and the axiomatic approaches, a test was performed on the mean differences
between the two indices. The results reject the null hypothesis of equality of means between
the two indices. Although the index constructed under the economic approach was situated
very close to the axiomatic approach, the differences were statistically significant. The
axiomatic approach tends to underestimate the SHPI and there are substantial differences in
housing prices among communes within the same region, showing heterogeneity in the
configuration of housing markets. Finally, given that the SHPI constructed under the
economic approach is based on economic theory, it has advantages over the axiomatic
approach whenever the AIDS information allows evaluating consumer welfare in the context
of changes in housing policies or urban planning.

7. Conclusions

This paper proposes a spatial index of housing prices for the communes of Chile using the
economic approach. Bias in estimating hedonic prices was reduced by using a system of
equations and instruments for the regression of hedonic prices and the incomes of individuals.
Expenditure was constructed for the consumer situated in the median of the 325 communes,
incorporating into the analysis the substitution made among housing attributes. The estimation



of the almost ideal demand system considered correction by selection bias, that is, a censored
system, given that not all the individuals in the sample demand the housing characteristics.

Three relevant results emerge from this work: firstly, there are important differences in the
expenditure of a consumer in Santiago to access the same level of welfare in another
commune in the country. This expenditure is lower in most of the communes, but in
communes in the Second and the Metropolitan Regions a positive compensation in their
spending is required to reach the same level of welfare. Secondly, the spatial heterogeneity of
the housing market is reflected. The fact that there are differences in housing prices within a
region indicates that the consumer must modify costs to access the same level of welfare in
communes within the same region of residence. This result reinforces the idea that
aggregating the communes to obtain a regional measurement of price indices is not adequate,
given the high degree of spatial heterogeneity. Thirdly, the axiomatic approach tends to
underestimate the SHPI for a major proportion of the communes in the sample. This index
falls below the index constructed under the economic approach, showing the substitution bias
of the axiomatic approach for not considering the substitution among attributes by the
consumer given the different price vectors in each spatial unit.

Finally, the utility of having an economically based instrument to construct the SHPI provides
coherence in the analysis of consumer behavior by incorporating the ability to substitute
goods when there are differences in their relative prices. The SHPI allows evaluating the
impact of policies in terms of changes in the welfare of the consumer in the context of
differences in the quality of housing or housing attributes, such as the change in housing
policy since 2007 oriented to the quality instead of the quantity of housing units. This
economic measurement can be incorporated in the analysis of commuting among communes
or regions, adding the dimension of the cost of living to the variables that induce the decision
of workers to work in communes or regions different from they live. Future research could be
oriented to analyze the spatial distribution of the SHPI to contrast the hypothesis that there is
a certain spatial segregation of high-priced housing, and at the same time to understand the
variables that affect the configuration of the housing market.
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