
SECTION 5
.,.,

PROPERTY VALUE REGRESSION STUDY

5.1 THEORETICAL FRAMEWORK

Numerous studies have attempted to link property values to
environmental amenity levels, among them studies by Paul (1971) on aircraft
noises; Oates (1969) on public expenditures; Spore (1972), Harrison and
Rubinfeld (1978), Ridker and Henning (1967), Anderson and Crocker (1971),
Lave (1972), Wieand (1973) and Brookshire (1979) on air quality; and Bahl,
Coelen and Warford (1974) on water supply projects. In all of these
studies the question was to test whether the value of public investment
projects or the public goods in question were capitalized into the price of
the property that included the amenity.

The form of the relationship estimated for property value (PV)
generally has been:

PV=f(a,h,s,t,l)

where: a denotes environmental amenities

The
the
the

h denotes house characteristics (such as size, number
of bathrooms)

s denotes social amenities (schools, fire protection)
t denotes tax levels
1 denotes other locational characteristics (such as

distance to jobs)

basis for this type of model has been a hedonic
work of Rosen. The consumer chooses a location
composite characteristics z = (a,h,s,t,l):

Max U(x,z)

s.t.x~~ (a,h,s,t,l)

PXX + (l+t)PV(z)  ~ M

where x and p denote private goods and the price of pr
PV(Z) is the Hedonic value function. (See Harrison and

price model based on
and house according to

vate goods and
Rubinfeld,  1978 and

Diamond, 1975 for such a model.)

As discussed by Rosen and illustrated in Figure 13 PV(z) is actually
the locus of equilibrium points between the bid curves of buyers Q(z.;~, M)
and offer curves of sellers S(Zj;Z, M) for characteristic Zj given other
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Figure 13

HEDONIC MODEL
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characteristics ~and income M. At an equilibrium between buyers and
sellers, the slopes of the bid curves and the slopes of the offer curves
are equal. Market data on sales prices thus simultaneously give
observations about the slopes of bid curves and offer curves. The observed
equilibrium points are affected by incomes, tastes, and other
characteristics of buyers and sellers.

. . . . .
First order conditions derived from this model give a system of

simultaneous equations of the form:

where Zi

income.
the usua’

denotes the ith characteristic, and A is the marginal utility of
Due to the s~milarity of these conditions to the conditions for
types of market qoods, the hedonic (margina<  ) price may be

the hedonic priceassociated ~’ith a demand c~rve.- Thus the intearai of
function may be used to derive benefit estimates for nonmarginal  changes in
house characteristics similar to evaluation of benefits for ordinary market
goods (Maler, 1974).

5.2 CRITICISMS OF THE HEDONIC APPROACH

There have been a variety of criticisms of the property value
approach. Maler (1974) discusses two problems. One is the proper
specification of the property value relationship itself. Another is the
validity of the use of this property value relationship to express
willingness to pay for air quality improvements. A third issue, raised by
Freeman (1978), is that property values cannot reflect values for effects
not perceived by individuals. Freeman (1978) also criticized the exclusion
of supply factors from most studies. That is, in addition to amenities,
the availability of housing sites will certainly influence property values.
As Freeman (1978) pointed out, the explanation of absolute levels of
property values also requires a theory of capitalization; expectations
about the future influence the capitalization of air quality changes
(Maler, 1974).

Another criticism has to do with the partial equilibrium nature of
hedonic studies. As Freeman (1978) points out, the change in property
values at a given location caused by an air quality improvement depends on
what happens in surrounding regions; the property value equation gives the
“ceteris paribus” average effect and may not predict what happens to
property value when air quality changes are actually made.

The correspondence of marginal changes in property values to
willingness to pay depends on certain additional assumptions (Maler, 1974).
First and foremost is the requirement for homogeneity of preference
orderings among households. If homogeneity does not hold, then marginal
changes-in
correspond
below. In

property values due to air quality or other changes will not
to willingness to pay. This problem is illustrated in Figure 14
this figure, for varying amenity levels (a) with all other
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Figure 14,..,
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characteristics constant (lot size, public service, taxes, etc.), demander
1 has willingness t~ pay D while demander 2 has willingness to pay D .
With fixed supply S , the highest bidder obtains the house; hence the
observed marginal evaluation is WTP . Thus, only demander 2’s willingness
to pay (a higher value) is included in benefit estimation. As Maler points
out, it is difficult to know whether this type of misspecification  of
willingness to~ay leads to over- or under-specification of total benefits.
If demander 1 could find another house to buy consistent with his
willingness to pay, then observed property value effects could be even
higher!

5.3 PAST HEDONIC PRICING STUDIES

5.3.1 Air Pollution Studies

Tables 19 and 20 show a comparison of some notable air
pollution-property values studies. (Although some of these studies were
discussed by Freeman (1978), additional ones have been added.) The studies
are compared with respect to data aggregation, specification of the model,
and pollution measures.

Studies shown in Table 19 had varying conclusions about the
significance of the pollution coefficient in explaining property values.
The early work of Ridker and Henning (1967) and Anderson and Crocker (1971)
showed that a statistically significant (negative) relationship exists
between air pollution and property values. However, using essentially the
same data as Ridker and Henning, Wieand (1973) could find no statistically
significant relationship between various pollution measures and the
dependent variable (monthly housing expenditures per acre). This
conclusion was in accord with the results of Smith and Deyak (1975) and
Skov (1976). Later studies by Harrison and MacDonald (1974), Harrison and
Rubinfield (1978), B. Smith (1978) and Brookshire and Schulze (1979) all
found that air pollution negatively affects property values. The potential
reasons for these varying conclusions may be accounted for by a variety of
reasons discussed below.

5.3.2 San Francisco Property Value Studies

Various property value studies have been completed in the San
Francisco area and are summarized in Tables 21 and 22.

Using individual transactions data, Stonstelie and Portney (1978)
examined the effects of public service quality, distance to employment
centers, air pollution and other factors on annualized market value for a
large sample of single family dwellings in San Mateo County. The results
indicated that all household variables (rooms, pool, age, etc.) were
significant with the anticipated sign. Measures of public services (crime
rate, fire department rating, street maintenance and educational quality)
were also significant with the anticipated sign. The distance to
employment coefficient had a negative sign but was not significant. The
air pollution measure (number of days with high hour oxidant reading
exceeding 10 pphm) had a negative impact on the annualized market value of
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. . . . Cwpari.ean  of Independent Variables
Pollurion  Scudice

+s -s

+s

hi Qua.uv
Ncusing +

value of
Improvemmxs

Ntmber  of - +s +s

LivI.ng  kea

Sathrocnns
htig Taiht

Pub I.ic Wste:
and Sewer

Pool

Plrepl.ac*

Ur CmdiLioamg

tit S-e
UOudsg Dewit7
Peraocu  Per SSM

Ndemce Near
Roparty

Meac%oo
(cul-de-sac)

Uuc%m (mm)
s~ity Setua=a
Bouee ad NeighborhoA

+s

-s

-s + +s

s

+s S+s +s +s

s-

+s
-s

+s

+s

+s
+s

+s

+s

+s

-61-



Table 20 (continued)
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,.. , Table 20 (continued)

Comparison of Independent Variables
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Table 21

Areas Studied

Aggregation
Level

Functional
Form

Supply-Demand
Treatment

I
Dependent

m
-r=. Variable

I
Heasure

Year

Pollution
Variable

Measure

Year

Source

Slgnlficance

General Model Comparisons
Bay Area Studies

Stonstelie-
Dygert-Sande~ (1971) t’ortney U977)

San Mateo San Mateo

Census Tract Individual
Transaction

Linear, Log- BOX-COX
Log

Supply-Demand Demand Variable6
Variablea Only

Median Property Annualized Market
Value, Median Value
Land Value Per
Sq. Ft.

1960 1970

None

Pollakowski (1973) Vincent-he]nharr  (lgjq).—.

San Franci#co San Jose, San Mateo
Bay Area

Individual Individual
Transaction Transaction

Demand Variable6 Demand Variables
Only only

Annualized Market Annualized Market
Value (owner- Value
occupied units)
Annual Rental

Number of Days None
per year with at
least 10 pphm
High hr. oxidant

1965 1978

Monitoring Station

Yeti

.

Linear Log-Log, BOX-~OX

Air Quality Index

Yes



..Table 22

Comarison of Independent Variables

Bav Area Studies

4...

Independent Variables

House Variables

Sales Date
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-s -s
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E0u8tiga
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+s
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+sBathrooms

Lacking Toilet

Public Water
and Sever

Pool +s +s
Fireplace

Air Conditioning

Lot Size

Housing Density

+s +s
-s

+s
+s

Persons Per Room

Nuisance Near
Property

Location
(Cul-de-sac) +s
Lotation (Alley)

Shilarity Between
House and Neighborhood
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4.

Neighborhood
Characteristics

% Non-White

Z White
% Lower Statusb

% Below Poverty
Level

Median Income

Population
Density

Z Commercial-
Industrial
Acerage

City Chssacteristics

Expenditures on
Servicesc

Property Tax

Crime Rate

Pupil-Teacher Ratio

School Qualityd

Z Non-Retail
Business Acerage

Zcminge

Fire Ratingf

Table 22 (continued)

Comparison of Independent Variables
Bay Area Studies

-s

+

-s

-s +

-s + -s

+.s +s +s

-s
Fire Stations
(per sq. mile)
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Table 22 (continued)

,..!

Other Environmental
Employment (access.)

Employment (dist)g

Beach (dist)

Transportation
(dist)

Transportation
(dummy) n

Recreation
(d-y)

Shopping (dummy)

Carbon Monoxidei

Air Pollution

Noise Pollution

Terrain, View

Proximity to River

Amenity Inde#

Supply Variables

Vacant Iand

% Units Recently
Constructed

Vacancy Rate

Comparison of Independent Variables
Bay Area Studies

-s

-s

-s

+

+

+s

+s

-s

+s

+s

-s

+/- - sign of coefficient

s = significant
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Table 22 (concluded)
. . . .

FOOTNOTES

a. Dummy variable measures of the quality of construction

b. Percentage of population lacking high school education and/or classified ‘
as laborers

c. ,Measures have included expenditures on recreation, street and highways,
public protection and general city expenditures

d. Measure of performance on tests by students or expenditures per pupil
on education

e. Proportion of cityrs residential land zoned for lots greater than 25,000
square feet

f. Rating of quality of fire protection (low rating indicates better
protection)

g. A measured distance to employment centers weighted by employment if there
is more than one center

h. Shopping, recreation and transportation dummy variable indicating presence
or absence of these senices in a neighborhood

i. Carbon monoxide was included in one study as a measure of accessibility
to transportation arteries, not as an air pollution measure

j. Dummy variable indicator of positive or negative factors within a tract
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a house. An additional day per year exceeding 10 pphm (ozone) decreased
annual rents by $115.

Other Bay Area property value studies included in Table 21
[Pollakowski  (1977), Dygert and Sanders (1971) and Vincent and Reinhart
(1979)] did not use ameasure of air pollution in the housing price
equation. These studies were included to indicate variables other than
pollution whicfi”are important to specify a housing price equation in the
San Francisco Bay Area.

Dygert and Sanders (1971) performed a cross sectional study of San
Mateo County in the proximity of the San Francisco airport. The
independent variables include measures of neighborhood quality,
accessibility to employment and transportation, vacant land, site
characteristics, and an aircraft noise measure (composite noise rating).
The results indicate that in 12 of 20 models, aircraft noise negatively
affected property values. The vacant land measure was positive (but not
significant) while the employment/transportation distance variables were
negative and significant.

Pollakowski  tested whether public services are valued by households.
A two-stage least squares regression model was used with cross sectional
data. The study used individual housing data (obtained from a survey
completed by the Bay Area Transportation Commission); explanatory variables
included public service variables, an employment accessibility index, and
other socioeconomic variables. As a dependent variable, the study derived
a measure of imputed annual gross rental value. The study examined the
relationship between gross rental value and independent variables for a
number of subsamples  (single family residences, white collar vs. non white
collar, rental units, etc.). The results indicate a strong positive
relationship between property values and certain measures of public
services (educational expenditures) but not with other measures (crime rate
and park and recreation expenditures). The tax variable used in the study
was not significant. Individual housing characteristics such as the number
of rooms, lot size, age of house and amenities were shown to be strongly
related to the annualized market value.

Vincent and Reinhard estimated the extent of property tax
capitalization in San Jose and San Mateo. The study of San Mateo used
essentially the same data as Stonstel ie-Portney. For the San Jose area,
the researchers looked at a sample of 130 houses in 13 different school
districts within the city of San Jose. The dependent variable was a
measure of annualized market value. This variable was regressed on
numerous physical attributes of the residence, the crime rate, distance to
employment, school quality and a school revenue measure. All the household
level variables, the crime rate and the measure of school quality were
significant with the anticipated sign. The distance to employment was
positive but not significant.
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5.4 ISSUES IN HEDONIC MODELLING

Here we discuss potential reasons why previous studies may have had
varying conclusions about effects of pollution (and other variables) on
property values. In section 5.6, we study the effects of alternative
assumptions on model results.

5,4.1 Agqregatfon’’and Sampling

The first issue is the level of aggregation of the data. Data used in
earlier studies were at the census tract, rather than individual household
level . Census tract average median values were used as observations;
pollution and property values may have been from disparate years. More
recent studies have been at the individual household level. For example in
Los Angeles, Skov (1976) did not find ozone to be significant using data at
the tract level; in contrast, Brookshire et. al. ( 1979) found TSP to be
significant.

Use of individual household data presents another issue, that of
proper sampling procedures. When a housing market area is quite large,
there may be too many observations of individual sales to use all of them
in a regression model. In this case it is necessary to sample from the
universe of sales. Brookshire et. al. (1979) used a matched pairs design
consisting of sales from 14 census tracts in the Los Angeles area; all
sales in these tracts were used. However, unless sampling from the
universe of sales is done according to statistical principles, it may not
be possible to extrapolate properly to the universe. For example, in a
stratified sampling plan, sampling could be according to the number of
sales and variance of property values in each stratum.

Another issue of aggregation has to do with pooling data from
geographic-socioeconomic areas which are different. Strazheim (1974)
discussed the effect of combining unlike market areas and showed that such
aggregation can cause differences in coefficient results. Thus, the proper
identification of market areas which should be analyzed separately is” an
issue.

5.4.2 Specification of the Hedonic Regression Model

Tables 20 and 22 show independent variables used in past hedonic
models.

Differences in results may be caused by the specification of the
model in terms of the independent variables used. Basically, variables
used in past studies represent house, neighborhood, city and other
environmental characteristics. Some studies have used supply as well as
demand variables. Past studies vary as to the number and type of variables
used.

It should be noted that there are usually multicollinearity  problems
in the data set which may cause difficulties in the analysis. Some studies
have attempted to correct for such problems by using principal components
(Smith, 1975) and ridge regression (Soskin, 1978).
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There are also differences among studies in the dependent variable
used. Some studies have used sales price or tract average sales price
while others have converted sales price data into an annualized value
(including depreciation, maintenance, and taxes).

Other differences are due to the functional form used for estimation.
Earlier studies,,were  linear in pollution yielding a constant marginal value
per unit”of pollution regardless of other house characteristics. More
recently it has been suggested that nonlinear functional forms are more
appropriate. Monotone transformations of independent variables (e.g.,
logs) should not cause changes in whether or not a coefficient is
significant; such a transformation would merely change the magnitude of the
benefit estimate obtained from the hedonic regression. Most recently, the
BOX-COX transformation has been used to test for nonlinearity; the log-log
form is an approximation of this form.

5.4.3 Pollution Measures

The measurement of pollution may also cause differences in results.
Different areas have different pollutant problems. A possible problem is
that the “right” pollution measure (that which is most correlated with
behavior) may not be used in a regression. Actions are influenced by
psychological factors which may not be well correlated with a physical
measure of pollution. For example, Flachsbart (1979) showed that
perceptions of smoggy days in Los Angeles were linked more to a measure of
ability to see distant objects at the horizon than to a physical measure of
pollution (e.g., TSP).

Errors in measuring pollution may also cause problems. For example, a
single value for pollution may be used to represent air quality over a wide
area or there may be uncertainty as to the actual air quality in areas
where isopleths are close together. The date of pollution data compared to
date of property value data may also be important; air quality in some
years may not represent actions taken in other years.

5.5 REPLICATION OF THE LOS ANGELES STUDY

One of the main objectives of this study is to use the same methods as
a previous study (Brookshire et. al. 1979) to obtain a hedonic relationship
in a different area. This section reports results of this effort.

5.5.1 Variables Used in the Replication

As in the Los Angeles study, we used data for all households in the
selected tracts. A regression analysis for these households was carried
out using the same or similar variables as used by Brookshire et. al.
Table 23 shows the Brookshire et. al. analysis with a logarithmic form of
the dependent variable. Table 24 defines variables used in our study.
Some differences in variables used in our replication of their study are as
follows:

1. We had the quarter in which the sale occurred rather than an
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Ta61e 23

Los Angeles Study

Estimated Econometric ZquacLous*

Dependent Variable - Log (hue Sale Price in $1,000)

,.

Iadapendeuc  Var~ble’ R02 EquaCion TSP Equation

Sele Date

Age

Living A r e a

Sethrooma

Pool

F%rephces

Dtatance to Beach

Distance to Emploment

Crhe

school Qualfty

Wudc Camposicion

Populacloa Density

Log (Tax)

hblic Safety Expenditures

(TSP) 2

.018439
(10.108)

-.0027044
(-3.5185)

.00019976
(14.024)

.14777
{9. 2661)

.089959
(4.2096)

.10355
(7. 8325)

-.014037
(-9.1443)

-.26979
(-U.663)

-2.2798
(-2.3574)

.00099327
(2.02S6)

.0081532
(1. 2523)

-.000067145
(-7.8422)

-.030991
(-1.8253)

.00032792
(5.1487)

(N02)2
I

-.0010374
(-2.6935)

Constant 4.2297
(6.2304)

.018924
(10.427)

-.0031401
(-4.1178)

.0001?688
(13.896)

.25285
(9. 6443)

.092764
(4.389)

.09922$
3.5833)

-.013132
(-9.1824)

-.23201
(-9.1314)

-1.5245
(-1.5444)

.0010087
(2.0792)

.027307
(4.5564)

-.000061627
(-7.2705)

-.046438
(-2. 7565)

.00028288
(4.8582)

-.000015702
(-4.1798)

2.3602
(3.8836)

R2 ., .877 .878

Sum of Squared Residuals “22.62 22.29

Degrees of Freedom 703 703
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. .
Variable

Name

PROPVAL

HSMCE

LOTSIZE

QT!l (1-4)

KEDOCCT

HDENS

LIVARM

COND (Lo,
Meal, Hi. )

FP

POOLS

BATH

PARKI!IG

VIEU

ELEV 1

SLOPE

WEDS CtT

PCTPOV

WEUHSPT

Nomcs

DEVEL

Nfl13EV

Table 24
De Iinicion  of Regression Variableg~

Deiinacion

Sales price  of owner occupind
single family realdenca

Age of home

Size of lot

Quarter of yaar in which ● uls
occurred

Median occupancs per house
(nei~hborhood  quality indicator)

Persons per acre

Living area

Housa condition indicator

Fireplace

Swinming pool

Uni:s

$100

Yeara

tires

Persons  p e r  houee

Square feet

o-1

Number

o -1

Bathrooms (housing quality l.ndicacor) Number

Availability of on site parking o-1

Presence of a view o-1

Low alevacion indicator (nearnesa  O - 1 ;
co Bay) 1 - below 15 feat

Average tract slope

?fedian years of schooling, tract Yeara
level (neighborhood quality indicator)

Percent of persona in tract below Percent x 100

Percent of hou.see  in trace built Percent x 100
between 1960 - 1970

Parcenc of land in nonreeidencial Percent
use (business, commercial, lnduscrial)

Percent of land availabe for devel- Percenc
opmenc

Purcant of L.mLI  procludud from Pare Onc
develupmenc

Source

!mC, 1978

HDc, L978

MM, 1978

HDC, 1978

Cansue, 1970

Census, 1970

?4DC, 1978

MDC, 1978

Mlc, 1978

!a)C, 1979

HOC, 1978

MDC, 1979

HOC, 1978

KDc, 1979

Compfled  by MAC

Ceneua,  1970

Ceneue, 1970

Cenaue, 1970

Calculated from
ABAG data

Calculated from ,.
ABAG data

Calcul’acnll from
ABAG data
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Table 24 (contjnued)

w
-P
I

DIST

CRIMERA

TAX

VAC

SCORES

MKT

URBAN

TEMP

OZEX

OZMAX

OZONE

TSPMM

PS12

AVEN02

Expected distance to 20 employment Hundredths of Calculated from
centers miles MTC data

Number of occurrences of 7 major Crimes/person CA Dept. of
crimes per capita (socio-economic Justice 1977
indicator for city) .

Representative composit rate, city, $/$100 of assessed 1977-1978 County :
county, school, and other types value Assessors

City vacancy rate Percent x 100 U.S. Postal
Service 1978

Sum of 6th and 12th grades reading Number CA Dept. of
and math CA achievement test scores Education

Incicator  of Bay side o- 1;1 = West Bay

Indicator of city type O=Suburban,l=Urban

Mean daily maximum July temperature Degrees U.S. Weather Bureau

Days exceeding .08 pphm Days;avg. of 1977- BAAPCD
(old Federal standard) 1978 reading

Average of daily maximum values ophm;avg. of 1977- BAAPCD
(July - September) 1978 reading

OZEX times OZMAX pphm times days Calculated

Annual Geometric Mean Avg. 1977-1978 BAAPCD
pm/m3

Avg. PSI value times the percent PSI times fraction Calculated
of days which are not rated as of days(avg. 1977-78)
“good” days

Avg. of hourly concentration ppm;avg.  1977-78 BAAPCD



2.

3.

4.

5.

6.

7.

actual sales date available to us.

Rather than distance to the beach, we used other variables (Elevl
and View) as environmental amenities. Distance to the beach is
not relevant in the Bay Area.
nity represented by “Elevl”.
higher<,el.evations; view seems
in explaining property values

School quality is measured by
an average of two. Thus, the

Closeness to the Bay is a disame-
“Viewt’ is an amenity associated with
to be more relevant to the Bay Area
than distance to the beach.

the sum of four scores rather than
expected coefficient should be

smaller than that in the Los Angeles study, all other things
equal .

The ethnic variable is measured as the percent white, rather than
black, population. (This should only affect the sign of the
coefficient but not the magnitude; the constant term will be
different however. )

Public safety expenditures were not used because of the high
correlation with the tax rate.

Because of many employment centersin the Bay area, our distance to
work measure is an expected distance measure.

Rather than only city tax, our tax variable is based on the total
tax bill that wbuld have to be paid by a household living in a
given city; it includes school taxes and special district taxes as
well as city and county taxes.

These differences were due to the difference in study areas and
availability of data. The same pollution measures (NO and TSP) as in the
Los Angeles study were used; 5in addition we tested sev ral alternative
measures of pollution (ozone and PSI) which we thought were more relevant
to our area.

5.5.2 Comparison of Results

The results of the replication are shown in Table 25. The “quarter of
sales” variable is significant and shows that the highest value is obtained
in the third quarter of the year. House age is not significant except in
one case out of the six; a possible explanation is that in the Bay Area,
age of the house is less important than condition. The “fireplace” and
“living area” coefficients are of similar magnitudes to those in the Los
Angeles study although they are bigger in our study. The “bathroom”
coefficient is less significant and smaller in our study than in the Los
Angeles study. “Elevl” and “View” have the expected signs. The
significance of the “ethnic” variable is varying as in the Los Angeles
study. The population density coefficient is of opposite sign but of
similar significance; San Francisco, with the highest d~nsity, IS the
highest property value area in our sample. The tax Variable also has the
opposite sign in our study; San Francisco also has the highest tax rates in
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Table 25

Indspandeut
V~%abi~

Zacmrcept

kg (Tax)

SSeag8

Qtr 1

Qtr 2

Qtr 3

Bach

Llvaraa

rFP

Pools

Elev 1

View

Oix

Ethic

Ed-s

Cckra

Scoras

Rep W2xlou ?egressioo
Houaahold  Lavel

. . . Varying Pollution
OepemckUt  Variable Log (Properry  ‘JaZue 10 S1OO)

~

3.99550
(26. 36U)

Q. 0751A
( 7.5185)

-0.00015
(-0.5238)

-0.02920
( - i .  7~60)

0.02914
( 2.5470)

0.05590
( 4.9909)

0.01719
( 1.9343)

0.00041
(33.367B)

0.17805
(19.9457)

0.09507
( 5.95L1)

-0.41671
(-7.9497)

O-12555
( 9.2139)

-0.00010
(-5.5308)

-0.00308
(-2. 4126)

0.00163
( 4.1065)

-3.74399
(-S.5i S2)

0.03U8
(26.3711)

?olluticm variable

‘rsP—

4.03309
(~3.9501)

0.05913
( 6.0353)

4 . 0 0 0 4 1
(-1.3206)

-0.01659
(-1 . 6269)

0.03150
( 2.7394)

0.06036
( 5.3658)

O. 02S60
( 2.8758)

o. oooh2
(34.  1856)

0.16186
(17.9674)

0.10035
( 6.1256)

-0.39891
(-7.5862)

0.11700
(  7,73k7)

-0.000075
(-4.0125)

0.00049
( o. b242)

0.00223
( 6.8533)

-2.58998
(-4. 0024)

0.0295b
(22.6a59)

Ozlrt

3.72714
(2~.  ~330)

0.05879
( 5.9670)

-o. ooo2h
(-o. 7740)

-0.01749
(-L.6969)

0.02976
( 2.5772)

0.05912
( 5.2295)

o.02bll
( 2.6917)

0.00042
(33.9015)

O. 167S3
(18.5849)

0.09265
( 5.6525)

-o. W033
(-7.5764)

0.13046
( 8.6915)

-0.000073
(-3.  S61k)

0.00126
( 1.0234)

0.00237
( 7.2769)

-1.85452
(-2.8349)

0.03L19
(24.5972)

Ozmx

3.5 772S
(22.1844)

0.06005
( 6.2127)

-0.00075
(-2.4626)

-0.01436
(-L.2516)

0.03384
( 2.9824)

0.06152
( 5.54.40)

0.02543
( 2.8988)

0.00063
(35.L714)

0.15332
(17. 1894)

o.191k2
( 6.2941)

-O. k2505
(-8. 183:)

0.10607
( 7.1456)

-0.003039
(-2.0835)

0.00579
(  L581O)

0.00169
( 4.5166)

-3.69639
(-1.0781)

0.027$4
(21.1613)

OZONE

3.67273
(21.7759)

0.06018
( 6.1158)

-0.00025
(-0.8061)

-0.01718
(-i.4715)

0.02961
( 2.5632)

0.05933
( 5.2520)

0.026.42
( 2.7296)

0.00042
(33.9550)

0.16759
(1 S.6939)

0.09228
( 5.6424)

4.39871
(-7.5506)

0.12941
( 8.6473)

-0.000071
(-3.5408)

0.00155
( 1.2549)

0.00234
( 7.1920)

-1,69693
(-2.57:2)

0.03142
(25.0668)

PS12

3.78639
(22.99a3)

0.0s951
( 6.0067)

-0.00019
(+.6615)

-0.01826
(-1.5630)

0.02944
( 2.5474)

0.05833
(  5.15a9)

0.02289
( 2.544a)

0.00042
(33. U20)

O. 16971
(la.  7609)

0.09155
( 5.5838)

-0.39951
(-7.5484)

0.13448
( 9.0200)

-0.000089
(-4.7128)

0.00064
(“0.5002)

0.00238
(  7.2a30)

-2.06851
(-3.1234)

0.03154
(23.7043)
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Table 25

(cent’d)
. . . .

ZndeQuIdenc
Variabie WJ TS? Ozn OZKLK OZON’S— PS12

No# 0.0089S
( 7.1749)

~22 -0.000025
(-5.3g~8)

Ozd

O?xd

PS122

S.SZ

DF

-0.000022
(-1.8215)

-0.00506
(-LO.0979)

-0.00000067
(-2.5839)

-0.00000039
( 4 . 0 3 1 4 )

.7773 . 77s5 .7733 .7814 .7736 .7730

107.69 108.39 109. 6s 105.5192 109.3069 109.5824

26U 2668 2648 26L8 2668 2648
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the area. The “scores” measure in our study is much more significant; our
factor analysis indicates that school scores are much more related to
socioeconomic conditions in the area than to city service measures. Thus ,
perhaps not surprisingly (since San Francisco and Los Angeles are different
types of market areas), the sign and significance of coefficients in our
study are different from those in Los Angeles, even apart from the
pollution coefficient.

The coefficient of the TSP pollution measure is quite similar in
magnitude and significance to that in the Los Angeles study. However, the
nitrogen oxide coefficient is positive and significant; it should be noted
that nitrogen oxide standards are rarely exceeded in our area and thus this
measure is not an appropriate pollution measure for our area. Of the ozone
pollution measures tested, the OZMAX variable was the most significant in
the replication model at the household level; it is more significant and
yields a higher R-squared than does the TSP variable. The PSI variable was
not significant in this model.

The R-squared in our model is lower than that in the Los Angeles study
for this model. The probable reason in addition to differences in the
areas, is that we had much more variation in our data set due to a much
larger sample size.

5.6 MODEL MODIFICATIONS

In addition to the independent variables used in the replication model
above, we included others which have been used in previous studies. Figure
15 shows the variables in our modified model and their type (demand and
supply, etc.). For housing characteristics, we added dummy variable
measures of housing condition and availability of on-site parking
(important particularly in San Francisco). Lot size was also added.

For additional neighborhood variables, we used the tract level factor
analysis as a guide. The factor analysis produced three neighborhood
factors: “life cycle”, “socioeconomic status”, and “land use”. The factor
analysis grouped neighborhood variables into these factors according to the
correlations among variables. To minimize problems of multicollinearity
while retaining maximum information, we selected representative variables
for each factor. From the “life cycle” factor, we chose median occupants
per house. From the “socioeconomic status” factor, two variables were used
(percent of occupants below poverty level and median years of schooling);
these two were not very highly correlated and represent different
socioeconomic aspects. From “land use”, we used the percent of land
available for development, the percent of land excluded from development,
and the percent of land devoted to nonresidential uses; land available for
development is considered to be a supply, rather than demand, variable.

For city variables, we again used the factor analysis as a guide for
variable selection. Crime rate and school scores are city variables which
reflect socioeconomic conditions. The tax rate was shown to be a positive
indicator of city service quality (it is negatively correlated with t~e
fire rating which shows a higher quality the lower the rating value). In
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addition to pollution, elevation, slope, and other environmental measures
were added to those in the replication study. Slope measures a negative
aspect of high elevation while view is a positive aspect; it is well known
that lots with a greater slope entail higher building cost as well as
problems of sliding. Me also tested a measure of summer temperature;
temperature was added because higher summer temperatures are known to be a
disamenity. TtIe PCTVIS measure of visual quality was also tested as an
additional pollution measure.

Because environmental measures were potentially correlated, we
performed a factor analysis on these environmental variables. The factor
analysis showed that the factor containing PCTVIS is independent of the
factor containing the ozone variable. Factor anal~~is with the PS12
variable puts PCTVIS in the same factor with PS12. Ozone and temperature
occurred in the same factor; however the PSI measure and temperature
occurred in different factors indicating that these variables could be used
together in the regression. However, areas with the greatest amount of
land precluded from development were also shown to be areas with higher
temperature indicating potential correlation problems between TEMP and
NODEV .

In addition to the demand variables discussed above, we added several
supply variables; following past property value studies, we used vacancy
rate, an indicator of new building activity, and availability of
developable land. We tested existence of separate market areas using the
dummy variables for bayside and urban/suburban city type.

We chose the functional form of our regression equation in order to
obtain demand curves with the correct slope; i.e., the marginal utility of
additional units should decrease for “goods” (such as living area) and the
absolute value of the marginal utility should increase for the “bads” (such
as pollution). Therefore, to obtain such slopes, we used a logarithmic
form for hypothesized “goods” and squared terms for hypothesized “bads”.
We did not transform supply side variables.

Table 26a, b shows household level results using the additional
variables discussed above and OZONE and PS12 pollution measures. Note that
the R-squared is considerably higher with the inclusion
It should be noted that, with the exception of the land
all variables added to the replication have significant

There are some differences in coefficients between
modified models. House age is significant in the modif
livinq area coefficient is much larger. The fireplace f

of these variables.
use variable DEVEL,
coefficients.

the replication and
ed model. The
oefficient is much

small~r. These changes may all be attributed to the addition of the
condition variables. View is less significant.

Changes also occurred for variables at the neighborhood and city
1 evel . Low elevation became positive since the slope variable now
indicates the negative disamenity (closeness to flat, marshy areas).
Distance to work has a much smaller coefficient than in the replication
because of the use of dummies to denote market and urban areas. The
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Table 26a

HOUSEHOLD PROPERTY VALUE MODEL
PS12

. . . .

HODELI mcz SSE S6.02S762
DFC 2489

DCPVARI LPROPVAE. nsE 0.022S09

VARIABLE

INTERCEPT
SHSEAGE
LLOTSIZE
QTR  I
Qlaz
OTRl
5tlEooccT
LLIVAREA
CONDLO
CO14011ED
FP
POOLS .
BATH
PARKItlG
VIEU
ELEVI
SSLOPE
MKTI
UIEOSCHT
SPC7POV
NEW?SP1
SNOWES
OEVEL
LNOOEV
SOIST
SCRIHRA
LTAX
VAC
LSCORES
OZONE
LR?OAN

“S” in
is

“L” in

PARAtlETER 3TANOAR0
or ESTINATE ERROR

1 -3.487453 0.488201
1 -.0000432969 .00000474399
1 0.046948 0.004651409
\ -0.01656~ 0.008906153
I 0 . 0 3 3 3 1 5  0.00@797697
I 0 . 0 4 7 6 5 2  0.00aS92418
I - 0 . 0 0 5 1 0 4 3 3  0.00!67135s
I 0.591619 0.0t6633
I - 0 . 1 7 8 3 6 9 0.022374

-0.062735 o.olte28
: 0.051247 0.007523018

0.090860 0.0!2369
: 0.033862 0.006990155
1 0,062910 0.014515
t 0.014481 0.011679
1 0,049112 0.018585
1 -0.000233326 .00004593474
! 0.2~9690 0.018405
1 0.571160 0.086!43
t -0.00146641 .00007S22068
1 -0.00243059 0,00026!2033
I -C.B60163 0.256000
I 0.030531 0.04734?
I 0.016421 0.00386560S
I  -2.01978E-08 8.29200E-09
1 -27.41S604 1 . 9 5 5 5 0 2
I 0.539696 0,06697s
1 -0.049623 0.006829093
1 C.625981 0.105043
I  -.00000227E!6  3.57943E-07
t 0.172527 0.022128

f~ont of a -;a:iable  name
squared

F RATIO
PROB>f
R-SQUARC

T RATIO

-7.143s
-9.1267
10.0932
-1 .8599

3.7867
5.5458

-3.0540
35.5686
-7.9721
-6.3040
6.8120
7.3459
4,8443
4.3340
1,2399
2,6426

-5.0795
13.5664
6,6303

-19.4948
-9.3054
-3.4381
0.6440
4.2480

-2.4358
-14.4190

&,1582
-7.:664
‘5.$9593”.
-6 .3657

7.7968

dentaes the

S0S.46
0.0001
0.87s9

PROD>ITI

0 . 0 0 0 1
0 . 0 0 0 1
0 . 0 0 0 1
0.0630
0.0002
0.000t
0.0023
0.000t
0.0001
Ooooot
0.000f
0.0001
0.0001
0,0001
0.2!51
0.0083
0.0001
0.0001
0.000t
0.0001
0.000!
0.0006
0.5191
0 . 0 0 0 1
0 . 0 1 4 9
0.0001
0,0001
0.0001
0.0001
0.0001
0.0001

‘:aziable

front ci a variable name denotes the log of the
variable

Pollution variables are squared.
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Table 26b

HOUSEHOLD PROPERTY VALUE MODEL
PS12

1100E1.I mc?

IMP VARI  LPROPVAL

VARIABLE

INTERCEPT
SHSEAGE
LLOTSIZE
QTR 1
QTR2
QTR3
StlEOOCCT
LLIVAREA
CONOLO
COMtlEO
FP
POOLS
BATH
PARKING
VIEM
ELEV1
SSLOPE

HKT1
UIEDSCHT
SPCTPOV
NEMNSPT
SNONRES
DEVEL
LNOOEV
s01S1
SCR ItIRA
LTAX
VAC
LSCORES
PS12
URBAN
STEtlP

Df

1
I
1
1
!
1
t

;
1
t
1
1
!
I
I
1
1
1
1
1
I
1
1
1
1
1
I
1
1
1
1

3SE S6.880741
OFC 2488
tlSE o.022t362

PARAMETER STANDARO
ESTfflATE ERROR

-3.602410 0.577825
-.0000401207 .00000483232

0.045747 0.004684892
-0.0i7238  0.008977033

0.034473 0.008871061
0 . 0 4 6 5 8 9  0.00866t034

-0.00333013 0.001949683
0.601284 0.016795

-0.179985 0.022553
-0.065164 0.011927

0.046283 0.007561068
0.091438 0.012S33
0 . 0 3 1 8 0 6  0.00708t813
0.062604 0.014647
0.021274 ooot1857
0.064628 0.019364

-0.000105014 .00004551239
0.129969 0.024447
0.361662 0.102803

-0.00150786 .00008440475
-0.00254755 0.00027!3785

-O.6467I3O 0.265280
-0.043666 0.053796

0.0097S5018 0.003792091
-4.58326E-08  9.21817E-09

-23.159614 2.717S36
0.139000 0.070539

-0.059090 0.013033
0.902670 0.t4243t

0.0000391052 .00002550403
0.233047 0.025958

-7.48655E-07  .00000880494

F RATIO
PROO>F
R-SQUARE

T RATIO

-6.2344
-$.3026

9.7648
-1.9203

3.8860
5.3791

-t .7080
35.8018
-7.9807
-5.4634

6.1212
7.2957
4.4912
4.2742
1.7943
3.3376

-2.3074
5.3t63
3.5180

-17.a646
-9.3874
-2.43al
-0.8$17

2.5804
-4.9720
-8.5223

1.9705
-4.5338

6.3376
1.5333
8.9778

-0.0850

“S” in front of a variable name denotes the
is squared

“L” in front of a variable name denotes tlte
variable

Pollution variables are sqtizred.

556.62
0.000f
0.8740

PROB>lTl

0.0001
0.0001
0.0001
0.0549
0.0001
0.0001
0.0878
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0729
0.0009
0.0211
0.0001
0.0004
0.0001
0.0001
0.0148
0.4170
0,0099
0.0001
0.0001
o.04e9
0.0001
0.0001
0.1253
0.0001
0.9322

variable

log of the
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magnitude of the coefficient for crime rate is larger and more significant
because of market and urban dummies as well. School score has a larger

coefficient. The ozone coefficient is larger and more significant in the
modified model. However the PS12 coefficient is positive for the household
model .

We also estimated a model at the tract level using all tracts
(“master” tracfi)O- Table 26 c, d shows the modified model at the tract
level; at the tract level both OZONE and PS12 were significantly negative,
5.6.2 Experiments with Pollution Measures, Aggregation and Market

s tratltlcatlon

In addition to experiments regarding independent variables and
measures of pollution, we also examined the effect of alternative data
aggregation methods. In addition to our household level sample, we had two
data sets at the tract level: the “master tracts” representing the
complete Bay Area and the “pool” tracts containing information for tracts
with the least error in measurement of pollution and socioeconomic
information. (Since the “pool” tracts are a nonrandom sample of the master
tracts, estimates extrapolated from the pool tracts to all tracts may be
biased.)

We also examined differentiation by market area. The suburban area
spans all air pollution types; however, the suburban area does not
constitute a closed market area. The West Bay includes all air quality
types; it is mostly a closed market area according to the work trip flows
information (more than 90 percent of work trips are within the area). M
an alternative to studying the whole Bay Area, a researcher studying
effects of air pollution might have decided to carry out a study using only
suburban tracts (to hold constant effects of city type) or might have
decided to limit the study to the West Bay. Market areas are designated as
“all”, “suburb”, and “west” to indicate respectively, no market area
differentiation, limitation to suburban areas, and limitation to West Bay.
Appendix tables A14-A20 show results for these models.

Table 27 compares the coefficients of the pollution measure~ by
aggregation and market area. Table 28 shows the corresponding R values.
Note that the OZONE measure is significant at least at the 95% level for
eight of the nine models and has a similar magnitude across all the models.
For all but the household level, the PS12 coefficient is of consistent
magnitude and significance. In view of significance of PS12 for the pool
and master levels, the insignific~qce  of pS12 result at the household level
may be due to a sampling problem.

The set of pollution measures is most consistently significant for the
“pool” sample; this is the data set with the most exact measurement of
pollution and generally the most variation in the pollution measures
(according to the standard deviations). For the “pool” tracts (all and
suburban) all pollution coefficients except TSPMN are significant at the
99% level. For the “master” tracts (“all” and “suburban” tracts) the level
of significance is at least 95% except for TSPMN.
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. . . .
TABLE 26c

TRACT PROPERTY VALUE MODELa
OZONE

IU30EL~ /mc2 SSE 1 5 . 0 7 5 0 5 4
DFE 791

DEP VAR~  LPROPVAL HSE 0 . 0 1 9 0 5 8
LOG OF PROPERTY VALUE

PARAtlETER STANDARD
VARIABLE OF ESTIIIATE ERROR

INTERCEPT
StlSEAGE
LMTSIZE
QTR 1
QTR 2
QTR3
StlEDOCCT
LLIVAREA
COIIOLO
CO}U3tlED
FP
POOLS
BATH
PJRKI:{G
V:EU
ELEVI
SSLOPE
tII(Tl
UIEI)S:HT
SPCTPOV
NEKHSPT
S140}4RES
OEVEL
uiOOEV
SDIST
9CR IttRA
LTAX
VAC
LSCORES
OZONE
URBAN

I
1
1
t
t
1
1
1
1
!
1
1
t
1
1
1
1
1
1
1
1
1
t
1
!
1
1
1
I
1
I

-3.139160
-.0000180502

0.002029127
-0.172688

-0.00423630
0.075693

-0.0056562
0.748752

-0.841204
-0.221679

O.I1O994
0.151670
0.071191
0.03}947
0.209974
o.o17aob

-0.000104788
0.217576
0.592465

-0.000262321
-0.00181129

-0.061!98
-0.! 17279

0.018140
-2.95949E-09

-6.596401
0.09903+

- 0 . 0 5 8 2 1 3
0.496393

-.0000010099
-0.015952

0.781115
0 . 0 0 0 0 0 8 1 4 5

0 . 0 1 3 4 1 9
0 . 0 5 3 2 3 2
0 . 0 4 8 9 9 5
0 . 0 4 6 9 1 8

0.00t532262
0 . 0 5 5 3 4 6
0 . 1 1 1 0 1 6
0 . 0 6 1 2 4 1
0 . 0 2 5 4 0 7
0 . 0 6 0 2 9 !
0.327746
0 . 0 3 7 8 2 9
0 , 0 3 4 0 2 0
0.0167:4

0.0000433634
0 .017106
0.077293

.00003530275
0.6002777179

0.098049
0.040426

o.ooR475a7
7.45758E-09

1.924257
0.05368b
O.OI1O2I
0.125173

3.68567E-07
0.025697

a all “master” tracts were used in this

F  RATIO
PROB>F
R-SGUARE

T RATIO

- 4 . 0 1 8 8
- 2 . 2 1 6 1

0.1512
- 3 . 2 4 4 1
- 0 . 0 8 6 5

i.6133
- 3 . 4 6 6 5
1 3 . 5 2 8 S
- 7 . 5 7 7 3
- 3 . 6 1 $ 8

4 . 3 6 8 7
2 . 5 1 6 0
2 . 5 6 5 9
o.a445
8,5236
1.0647

-2 .4165
!2.7177

7.6662
-7.4326
-6.5:21
-C.6242
- 2 . 9 0 1 0

4 . 7 1 4 7
- 0 . 3 9 6 0
- 3 . 6 2 8 0

1 . 6 8 7 5
- 5 . 2 8 1 8

3 . 9 6 5 7
- 2 . 7 4 0 0
- 0 . 6 2 0 8

analysis

2 3 5 . 5 1
0 . 0 0 0 1
0 . 8 9 9 3

PROB>iTl

0 . 0 0 0 1
0 . 0 2 7 0
0.8798
0 . 0 0 1 2
0 . 9 3 1 1
0 . 1 0 7 1
0.0006
0 . 0 0 0 1
0 . 0 0 0 !
0 . 0 0 0 3
O.coot
0 , 0 1 2 1
0 . 0 1 0 5
0.3986
0.0001
0.2873
0,0159
0 . 0 0 0 1
0 . 0 0 0 1
0.0001
0 . 0 0 0 1
0 . 5 3 2 7
0 . 0 0 s 3
0.0001
0 . 6 9 1 6
0 . 0 0 0 6
0 . 0 9 1 9
0.0001
0.0001
0 . 0 0 6 3  ‘
0 , 5 3 4 9
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TABLE 26ii

. . . .

TEU4CT PROPERTY VALUE MODELa

PS12

HODEL8 MC7 SSE 1 4 . 9 5 6 0 0 6
DFE 790

DEP VARI  LPROPVAL nsE o.oia932
LOG OF PROPERTY VALUE

VARIABLE

INTERCEPT
SHSEAGE
LLOTSIZE
QTR 1
QTR2
QTR3
SflEDOCCT
LLIVAREA
COND LO
CONOREO
FP
POOLS
BATH
PARKING
VIEi4
ELEVI
SSLGPE
t!KTl
LHEDSCHT
SPC7POV
NEUHSPT
SNOt4GES
OEVEL
LtiOOEV
SOIST
SCRItlRA
LTAX
VAC
LSCORE3
PS12
URBAN
STEtlP

PARMIETER STANDARD
OF ESTItlATE ERROR

1 - 2 . 4 9 9 0 3 7 0.80CS47
I -.00001a8788 . 0 0 0 0 0 5 1 5 8 5 4
1. 0 . 0 1 0 2 0 7 0 . 0 1 3 8 9 2
1 -0.168!82 0 . 0 5 3 0 5 8
t 0 . 0 0 4 7 3 0 6 5 5 0 . 0 4 9 0 0 2
1 0 . 0 7 S 8 7 2 0 . 0 4 6 7 7 7
1 - 0 . 0 0 5 5 4 0 S 6 0.001632”?3
! 0 . 7 4 0 7 9 5 0 . 0 5 5 2 5 1
I - 0 . 8 2 1 2 6 7 0 . 1 1 1 0 1 2
1 - 0 . 2 2 0 7 2 3 0 .06099 ’?
1 O . 1 O 9 I 7 6 0 . 0 2 5 3 4 1
1 0 . 1 5 3 7 4 5 0 . 0 6 0 2 6 4
1 o.0743ea 0 . 0 2 7 6 8 2
I 0 . 0 2 7 0 3 5 0 , 0 3 7 7 2 4
1 0 , 2 7 6 7 3 2 0 , 0 3 4 4 7 4
1 0 . 0 1 1 1 3 3 0.016@dl
1  - 0 . 0 0 0 1 1 7 2 7 !  .0000434G407
I 0 . 2 2 5 0 4 9 0 , 0 1 8 6 2 3
I 0 . 6 1 1 3 7 8 0.0766e2
1  - 0 . 0 0 0 2 5 7 8 0 1  . 0 0 0 0 3 5 1 6 7 3 6
1 - 0 . 0 0 1 7 7 3 4 1  0 . 0 0 0 2 7 7 3 3 2 9
1 - 0 , 0 4 2 2 0 4 0.09e060
t - 0 . 1 1 5 6 5 1 0 . 0 4 0 2 0 6
t 0 . 0 1 7 6 9 9  0 . 0 0 3 8 4 4 7 3 5
1 -3.95856E-09  7.47977E-09
t -7.593at6 1 . 9 4 0 2 5 1
1 0 , 0 9 4 9 2 1 0 . 0 5 9 6 8 0
t - 0 . 0 5 3 3 0 8 0 . 0 ) 2 0 3 0
t 0 . 3 9 7 1 7 4 0 . 1 3 4 5 3 9
1 - . 0 0 0 0 5 7 5 0 0 a  . 0 0 0 0 1 9 7 9 5 4 8
1 - 0 . 0 2 8 0 0 1 0 . 0 2 6 9 5 4
1 - . 0 0 0 0 0 8 S 7 2 3  . 0 0 0 0 0 7 5 3 5 2 3

F R A T I O
PROB>F
R-SQUARE

T RATIO

-3.12!7
- 2 . 3 1 4 0

0 . 7 3 4 6
- 3 . 1 6 9 9

0 . 0 9 6 5
1 . 6 2 2 0

- 3 . 3 9 3 0
1 3 . 4 0 7 8
- 7 . 3 9 6 0
-3.6!85

4 . 3 0 8 3
2 . 5 5 1 2
2.6872
0,7166
8 . 0 2 7 2
0 . 6 5 9 5

- 2 . 7 0 1 8
1 2 . 0 8 s 2

7 . 9 7 2 9
- 7 . 3 3 0 7
- 6 . 3 9 4 5
- 0 . 4 3 0 4
- 2 . 8 7 6 4

4 . 6 0 3 3
- 0 , 5 2 9 2
- 3 , 9 1 3 6

1 . 5 9 0 5
- 4 . 4 3 1 4

2 , 9 5 2 1
- 2 . 9 0 4 7
- 1 . 0 3 8 8
- 1 . 1 3 7 6

2 2 9 . 6 4
0 . 0 0 0 1
0.9001

PR08>iTt

0 . 0 0 1 9
0 . 0 2 0 9
0 . 4 6 2 7
0 . 0 0 1 6
0 . 9 2 3 1
0 . 1 0 5 2
0 . 0 0 0 7
0 . 0 0 0 1
O.oao!
0 . 0 0 0 3
0.000!
0.0109
0 . 0 0 7 4
0.4?Z9
0 . 0 0 0 1
0 . 5 0 9 9
0 . 0 0 7 0
0 . 0 0 0 1
0 . 0 0 0 1
0 . 0 0 0 1
0.0001
0 . 6 6 7 0
0 . 0 0 4 !
0 . 0 0 0 1
0.5960
0.OOO1
0,1!21
0 . 0 0 0 1
0 . 0 0 3 2
0 . 0 0 3 8
0 . 2 9 9 2
0 . 2 5 5 6

a
all “master” tracts were used in this analysis
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I ’able 2 7
.

CONPARISON  OF POL1.OTION
COh:FFICIEIU’S  BY NODEL

I OZONE
03
m
I (JLnAx

OZEX

TSI’NN

rs12

IlousEllol.lt

A l l Suburb West.—

- . 0 0 0 0 0 2 3 -.000002 b - . 0 0 0 0 0 3 2
(-6 .  36)8 ( - 6 . 8 1 ) ( -3 .  f41)

- . 0 0 2 1 4 9 - . 0 1 4 0 1 6 .066381
(-.32) (-1.62) ( 1.53)

. 0 0 0 9 4 5 - . 0 0 0 9 5 2 . 0 0 2 8 3 2
(  . 8 1 ) ( - . 8 2 ) ( . 5 8 )

. aooo34 .000039 -.0000036
(.499) (  5 . 4 1 ) (  - . 1 1 )

. 0 0 0 0 3 9 . 0 0 0 0 1 0 - . 0 0 0 3 4 1  (
(  1 . 5 3 ) (  3 . 5 1 ) ( - 1 . 1 2 )

——
a T -  ltlitlo

I’OOL-—

A l l Suburb West

-.00000 I 5 - .000001 I - . 0 0 0 0 0 1 0
(-3. 39) ( - 3 . 0 0 ) ( - 1 . 7 4 )

-.0030002 -.0026638 -.002077
(-3.26) (-3.28) (-1.43)

- . 0 0 0 0 8 1 2 - . 0 0 0 0 6 5 1 - . 0 0 0 0 4 8 9
( - ’ 1 . 6 2 ) ( - 3 . 4 5 ) ( - 1 . 6 4 )

- . 0 0 0 0 1 2 7 - . 0 0 0 0 1 0 1 - . 0 0 0 0 2 8 1
( - 1 . 1 5 ) ( - 1 . 0 3 ) ( - 1 . 8 2 )

- . 0 0 0 0 1 7 4 - . 0 0 0 0 7 1 2 - . 0 0 0 0 5 4 5
( - 2 . 8 9 ) ( - 2 . 9 7 ) ( - 1 . 5 6 )
—

MASTER

A l l Suburb West—

- .0000010 -.000001 -4.3xlo-7
( - 2 . 7 4 ) (-3.  33) ( - . 9 9 )

- .0010554 -.oo2170 -.001566
(-1.74) (-5. 16) [-1. w)

-.0000435 -.000043 -.000021
(-2.74) (-3.95) (-1.39)

.0000031 - . 0 0 0 0 1 2 - . 0 0 0 0 1 2
( .42) ( - 2 . 1 7 ) ( - 1 . 3 3 )

- . 0 0 0 0 5 7 5 - . 0 0 0 0 4 9 - . 0 0 0 0 3 7
( - 2 . 9 0 ) ( - 3 . 6 5 ) ( - 1 . 6 2 )

.——



Table 28 .

CiJHPARISON  OF R2 BY NODEL

JJOJJSJZNOLD POOL

A l l Suburb yg.i All— Suburb _Went— —-—

OZONE .0159 .8854 .8412 .9499 .57i4 .9517

OZNAX .8739 .8829 .B/,61 .9-498 .9717 .9514

Ozsx .8739 .8828 .8459 .9502 .9111 .9516

TSPMN .8751 .8645 .8458 .9480 .9702 .9518

PS12 .8740 .8835 .8469 .9580 .9724 .9521

~~TeR

Al 1 Suburb West—

.8993 .9431 .8972

.8987 .9452 .%9?6

.8993 .9442 .891.4

.0984 .9431 . 8!?74

.9001 .9456 . 89s1



For the West Bay (household, pool, and master), the OZONE measure is
significant at the 99% level for the household sample and at the 95% level
for the pool sample but not significant at the master level. PS12 is
significant at the 95% level in the household, pool, and master levels.

Thus, the conclusion which may be drawn from this experiment is that
the level, of aggregation and geographic stratification of a market area
will indeed affect the indicated significance of the pollution measure.

The consistency of the OZONE results across all models gives validity
to the use of OZONE in explaining variation in property values. However
there is a caveat to this result; due to collinearity problems we are not
able to separate temperature effects from OZONE effects in explaining
property value variation.

Other independent variables may also be compared across models. Table
29 shows a comparison of selected variables from alternative models using
OZONE as the pollution measure. By comparison, the stability of the
pollution measures across models shown in Table 27 is notable! “Living
area” is the most stable variable. Lot size, slope, view, nonresidential
land use, vacancy rate, and distance to work all vary in significance
across the models. The lotsize  and slope variables are most significant
for the household level regressions. “View” is most significant for the
master tract model. Nonresidential land use is significantly negative (the
expected sign) only in the household level regressions. Distance to work
is negative and significant only in the household level regression over all
markets. On the supply side, an increased vacancy rate has the expected
effect of reducing property values in all cases.

The household level study using all market areas is most consistent
with expectations regarding signs of coefficients. In general, the
aggregation of data to the tract level seems to reduce the significance of
specific house characteristics as variation is reduced through aggregation.

5.6.3 Conclusions from Experiments

Our studies indicate that the OZONE measure of pollution does have a
statistically significant effect on property values in the San Francisco
Bay Area for the aggregation levels and market specifications we examined.
The magnitude of the coefficient is consistent across models. The PS12
measure, which combines ozone, TSP, and CO measures according to equal
severity of health effects, was also significant in all but the household
level equations.

Our experiments with aggregation and market stratification show that
such modelling decisions can indeed affect conclusions about significance
and sign of pollution and other variables hypothesized to affect property
values. The implication of our experiments is that researchers who
obtained insignificant pollution coefficients might have obtained different
results using different procedures (pollution measures, a99re9ation
procedures, sampling procedures, and reduction in measurement error). We
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Table 29

C o m p a r i s o n of Selected Coefficients By Model

LIVMM

LOTSIU

NM(3CCT

I SLOPE

OJ
Q

VIEW
I

NONRES

NOI)W

DIST

VAC

A l l—

.5916
( 3 s . 5 7 )

.0469
(10.09)

- .0051
( - 3 . 0 5 )

- .0002
( - 5 . 0 8 )

.014.4
( 1 . 2 4 )

-.8801
( - 3 . 4 4 )

.0164
(4.24)

-2.02 x10-a
( - 2 . 4 4 )

-.0496
( - 7 . 2 6 )

Nollsl!tml.o
Suburb

.6202
(34.98)

.0432
( 9 . 4 0 )

- .0034
( - 1 . 9 4 )

- .0004
( - 5 . 6 4 )

.0002
( 0 . 0 2 )

.4246
(.991

.0169
( 3 . 1 5 )

9. 39 X1 O-9
(0.91)

- .0543
( - 7 . 7 7 )

Uctilt

.5184
( 2 1 . 6 4 )

.0707
(8.97)

.0065
(1.94)

- .0004
(-5.lJ>)

–. 0003
( - 0 . 0 2 )

7.9903
( 5 . 6 5 )

- .0182
( - 2 . 2 1 )

i.29x10-7
( 3 . 5 0 )

- . 2 7 7 7
( - 5 . 9 1 )

~2 .8159 .8854 .8472

N 2489 2028 1261

SE 56.02 40.15 2&l.Lt4

OZONE Pollutant

A l l—

.682tl
(8.11)

.0097
(o. 38)

- .0195
( - 7 . 0 6 )

.0001
(1.M9)

-.0019
( - 0 . 0 4 )

- .4402
( - 1 . 9 4 )

-.noo5
(-o. 10)

2 . 4 1 x 1 0 - 8

( 1 . 5 0 )

- .0513
( 3 . 5 2 )

Pool.A
Suburb——

.7531
( 9 . 3 1 )

.0440
( 1 . 8 5 )

- .0083
( - 3 . 4 0 )

- .00005
(-o. 73)

.0684
( 1 . 5 1 )

- .2147
( - 0 . 9 6 )

- .0004
( - 0 . 0 8 )

1.37xlo-f3
( 0 . 9 8 )

- .0453
( - 3 . 7 0 )

went

.6057
( 5 . 9 6 )

.0090
( 0 . 2 9 )

- .0159
( - 4 . 5 2 )

.00008
(1.08)

.0675
( 0 . 9 8 )

- .5221
( - 1 . 3 4 )

.0005
( 0 . 0 7 )

6.79x10-8
( 2 . 5 7 )

- .0222
( - 0 . 9 2 )

.9499 .9714 .9517

264 195 160

2.72 1.13 1.42

All—

.7487
( 1 3 . 5 2 )

.0020
( 0 . 1 5 )

- .0056
( - 3 . 4 6 )

- .0001
( - 2 . 4 2 )

.2899
( 8 . 5 2 )

- .0612
( - 0 . 6 2 )

.0181
( 4 . 7 1 )

-2.95x10-9
(-o. 39)

- .0582
( - 5 . 2 8 )

~fi.~~1{
—-—

‘ Sulmrb—.—

: .8316
( 1 5 . 7 9 )

. 0 5 3 6
( 4 . 5 6 )

- .0055
( - 4 . 5 4 )

- .00004
( - 1 . 2 5 )

i:%

-.0847
( - 0 . 9 0 )

.0001
( 0 . 0 4 )

-3.68x10-9
( - 0 . 6 6 )

- .0349
( - 4 . 4 8 )

Wctit

. 70M0
( 9 . 8 9 )

. 0 6 1 7
( 3 . 7 0 )

- . 0 0 3 9
( - 2 . 0 9 )

- . 0 0 0 0 7
( - 1 . 5 7 )

. 1 9 4 3
( 5 . 0 0 )

.041tl
( . 3 0 7 9 )

.0133
(3.01)

-5.99XI0-9
( - 0 . 6 6 )

-.0261
(-1.47)

. 8 9 9 3 .9431 .8972

79i 5 5 5 4 5 6

1 5 . 0 7 4 . 4 5 7.0)



believe that more experiments, such as those performed here, should be
carried out to test consistency of conclusions.

,,.,
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