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RESEARCH QUESTION

RQ

How do economists get reliable estimates of household preferences for
school and neighborhood attributes?
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LITERATURE

• Preference for schools and neighborhoods shapes the way that
household sort in the housing market. (Tiebout, 1956; Epple and
Zelenitz, 1981;...)

• Hedonic price regression (Black, 1999)

• Discrete choice model (McFadden, 1978) for sorting with
household unobservables (Berry et al., 1995).
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CONTRIBUTION

This paper develops a framework for recovering household preference
for a broad set of school and neighborhood attributes in the presence
of sorting.

1 It provides a strategy for addressing the endogeneity of school
and neighborhood attributes in the context of heterogeneity
sorting model.

2 It provides new estimates of household preference on schools and
neighbors.
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ENDOGENEITY

Hedonic price regression in traditional sense:

Ph = βXh + ξh

Sorting correlates to the household and neighborhood attributes, and
induces to correlations among a host of neighborhood attributes,
including those unobserved.
Hard to isolate variation in neighborhood sociodemographics
uncorrelated with unobserved aspects of neighborhood and housing
quality.

⇒ Acknowledge the limitation. (Cutler et al., 1999; Bajari and Kahn,
2005)
⇒ Identification in broader regions.
⇒ Boundary discontinuity design (BDD) with boundary fixed effect,
embedded in our sorting model.
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STRUCTURE OF THIS PAPER

Mainly two parts:
1 Provide a strategy (Boundary discontinuity design, BDD) for

addressing endogeneity of the hedonic price regression.

2 Build up and estimate a model of residential sorting. This
provides an adjustment to the hedonic price regression.
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DATA

• Restricted access version of the 1990 census.
• Household information + their house characteristics on block

level.
• School attendance zone and school quality.
• House transaction data for robustness check.

How to define better/worse school attendance zone?
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DISCONTINUITY

Fig1. Test scores and house prices around the boundary.
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DISCONTINUITY

Fig2. Census housing characteristics around the boundary.
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DISCONTINUITY

Fig4. Neighborhood sociodemographics around the boundary.
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HEDONIC PRICE REGRESSION

ph = βXh + θbh + ξh (1)

• ph: price of house h.
• Xh: housing and neighborhood characteristics.
• θbh: boundary fixed effects, if house h is within a specified distance

of boundary b and zero otherwise.
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• When boundary fixed effect is included, the coefficient of test
score declines 75%

• This implies the majority of the observed correlation is driven by
he correlation of school quality with other aspects of housing or
neighborhood quality.

11 / 28



Intro Story line Summary Appendix

• After including neighborhood sociodemographic characteristics,
coefficients reduce 50%.

• Coefficients on neighborhood race becomes insignificant after
including neighborhood sociodemographics.

• However, this evidence DOES NOT implies households do not
have strong racial preferences.
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SO FAR...

• So far, the evidence of sorting across school attendance zone
boundaries is clear.

• This suggests that households vary in their willingness to pay for
some features of schools and neighborhoods.

⇓

How the coefficients in the hedonic price regressions relate to underlying
household preferences?
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THE SORTING MODEL
SPECIFICATION

Choice is discrete. Households choose the location of residence
(House) by maximize their utility.

max
(h)

Vi
h = αi

XXh − αi
pph − αi

ddi
h + θbh + ξh + εi

h. (2)

Each household’s valuation of choice characteristics (αi
j, j ∈ {X,Z, d, p})

is allowed to vary with its own characteristics (zi):

αi
j = α0j +

K∑
k=1

αkjzi
k (3)

This essentially assumes household preferences are heterogeneous.
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THE SORTING MODEL
ESTIMATION

A two-step estimation. (Barry et al., 1995)

Rewrite (2) as,
Vi

h = δh + λi
h + εi

h (4)

, where δh measures mean indirect utility by choosing house h

δh = α0XXh − α0pph + θbh + ξh (5)

εi
h is the unobservable household preference.

and

λi
h =

(
K∑

k=1

αkXzi
k

)
Xh −

(
K∑

k=1

αkpzi
k

)
ph −

(
K∑

k=1

αkdzi
k

)
dh (6)

?
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THE SORTING MODEL
MLE

Assuming that εi
h follows an extreme value distribution, choice

probability can be written as,

Pi
h =

exp
(
δh + λi

h

)∑
k exp

(
δk + λi

k

) (7)

The likelihood function,

l =
∑

i

∑
h

Ii
h ln
(

Pi
h

)
(8)
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THE SORTING MODEL

After obtaining the estimation of δh... Recall equation (5):

δh = α0XXh − α0pph + θbh + ξh (5)

Moving the price to the LHS,

ph +
1
α0p

δh =
α0X

α0p
Xh +

1
α0p

θbh +
1
α0p

ξh (10)

Also, recall the hedonic price regression (1):

ph = βXh + θbh + ξh (1)

Consequently, in the presence of heterogeneous preferences, the mean
indirect utility δh provides an adjustment to the hedonic price equation,
so that price regression accurately returns mean preference.
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HEDONIC REG AND HOUSEHOLD PREFERENCE

How the coefficients in the hedonic price regressions relate to
underlying household preferences?

Fig5. Demand for a view of the Golden Gate Bridge
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HEDONIC REG AND HOUSEHOLD PREFERENCE

Demand curve (MWTP) ought to be horizontal if households have
homogeneous preferences.

Fig5Plus. My further illustration
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HEDONIC REG AND HOUSEHOLD PREFERENCE

Hedonic price regression essentially assumes households’ preferences
are homogeneous! Why?

Recall (10),

ph +
1
α0p

δh =
α0X

α0p
Xh +

1
α0p

θbh +
1
α0p

ξh (10)

δh degenerates to a constant when households’ preferences are
homogeneous. So we have the following equation,

α0XXh − α0pph + θbh + ξh = K⇒ ph =
α0X

α0p
Xh +

1
α0p

θbh +
1
α0p

ξh (11)

, which is exactly the hedonic regression in (1).
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THE SORTING MODEL
ESTIMATION

In the estimation of (10) (The second step of the two-step estimation),
use an IV to deal with the endogeneity. Go.

The predicted market-clearing prices for a version of the model that
sets the vector of unobserved characteristics ξh to zero.
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• The estimated mean preferences for average test score are almost
identical. ⇒ Hedonic capture the mean preference.

• Race coefficient becomes significantly negative. ⇒segregation!
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HETEROGENEOUS IN PREFERENCES

• Conditional on income, households prefer rich neighborhood.
• Household racial segregation
• Educational segregation.
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SUMMARY

• For those housing and neighborhood characteristics that vary
continuously throughout the urban area, hedonic regression may
be interpreted not only a measure of implicit price of a
particular attribute, but also an estimate of mean preference.

• Hedonic price regression cannot tell the story of the role of race in
the housing market, since the race do not vary continuously in the
urban area due to household sorting issue (household
segregation).

• The heterogeneous sorting model essentially demonstrate a
compounding general equilibrium impact of exogenous school
quality increase on housing price. Direct and indirect from sorting.
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APPENDIX. 1
ROBUSTNESS CHECK FOR HEDONIC REGRESSION

• Distance to the boundary
• School characteristics versus immediate neighbors
• Top-coding of census prices
• Only owner-occupied units
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APPENDIX. 2
THE MEAN INDIRECT UTILITY

How to understand δh as the mean indirect utility?

∂l
∂δh

=
∑
i=h

∂ ln
(
Pi

h

)
∂δh

+
∑
i 6=h

∂ ln
(
Pi

h

)
∂δh

=
∑
i=h

(
1− Pi

h

)
+
∑
i6=h

(
−Pi

h

)
= 1−

∑
i

(
Pi

h

)
= 0.

(9)

No house is systematically more attractive than other houses.
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APPENDIX. 3
HEDONIC REGRESSION AND HOUSEHOLD PREFERENCE

Why does δh degenerate to a constant when preference is
homogeneous?

From (9), δh is determined for all h from MLE by∑
i

(Pi
h) = 1

⇒ No house is systematically more attractive.

Additionally, if household have homogeneous preference, for any
specific house, everyone’s value is identical.
⇒ δh = K
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APPENDIX. 4
ENDOGENEITY IN (10)

The key insight from the industrial organization literature is that the
equilibrium price of any particular product will be affected not only by
its own quality but also by the availability of products that are close
substitutes for it.

The equivalent insight in a housing market context is that two identical
houses in neighborhoods of identical quality may command very
different prices, depending on how they are situated relative to other
housing choices within the metropolitan area.
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