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Effects of Air Pollution on Residential
Property Values in Toledo, Oregon

by

JOHN A. JAKSCH and HERBERT H. STOEVENER

I. INTRODUCTION

The Problem

During the past decade wide-spread public attention
has been given to the subject of environmental quality. This
concern continues to be translated into legislative action,
with the intent of specifying the nature and extent of
public intervention in the market system for the enhance-
ment of environmental quality. The debate on this topic
poses a myriad of questions to the natural scientist and
engineer on how the disposal of wastes into the environ-
ment affects various natural phenomena, how waste dis-
posal can be reduced, and how its effects can be amelio-
rated.

There is also an increasing awareness that the pollution
problem raises a number of economic questions. Waste
disposal is a result of human action in response to economic
incentives. Pollution abatement is not without costs; re-
sources devoted to it cannot be used to satisfy other private
or public wants. Much of economic analysis is concerned
with measuring the benefits from environmental improve-
ments and comparing them to the sacrifices required to
achieve the betterment of the environment. Ultimately, the
following question may be posed for the economist: Where,
in the continuum of environmental quality, between ad-
vanced stages of pollution and relatively high degrees of

purity, is the economic optimum? High levels of pollution
are associated with minimizing the costs of waste disposal
while sacrificing those economic opportunities which de-
pend upon a clean environment. On the other hand, a
relatively pure environment permits the environmental
benefits to be realized, but only when considerable costs
are borne for the control of pollution.

Instead of providing a general answer to the question
posed above, it is more realistic to expect a contribution
from economists in a decision framework with more limited
objectives. One might ask, for example, whether or not a
certain action taken in the area of environmental quality
management is likely to lead in the direction of an eco-
nomic optimum. Even the reach for an answer to this more
specific question generally involves difficult issues of
measurement and evaluation of the relatively widespread
benefits from pollution control. It is in this area that the
current study seeks to make a contribution.

Specifically, we are attempting to develop an economic
model by which the effects of air pollution upon residential
property values in Toledo, Oregon, can be determined. We
derive some estimates of these effects. Finally, we draw
some implications from the experience of our study about
the status of currently available data to support economic
analysis in air quality management.

II. A THEORETICAL FRAMEWORK

Some Earlier Work

The economic literature concerning air pollution is not
very extensive. But there is a large body of literature in the
more developed field of water resources. For an example
of this work, especially relevant to our study, we single out
the work of Knetsch [10]. He studied the consequence of
proposed TVA reservoir projects upon land values. Using
multiple regression equations, Knetsch derived a model
explaining the relationship between land values around
existing reservoirs and factors thought to determine such
values. This method provided a basis for the estimation of
land values if the project was constructed. A similar method
was used to determine the value of the same land if the
project was not constructed. The differences between the
estimates of the two regression models could be attributed
to the influence of the proposed reservoir project. It was
found that, for those study areas examined near existing

reservoirs, the increases in land values were substantial,
and were due mainly to the value of the project as a
"recreational and amenity resource."

Also of interest is the study of Brigham [3] who investi-
gated residential land values in Los Angeles County, and
concluded that urban land value can be expressed as a
function of only a few variables. The value of a particular
urban area site is functionally related to its accessibility to
economic activities, its amenities, its topography, its present
and future use (i.e., industrial, commercial, or residen-
tial), and to certain historical factors that affect its utiliza-
tion. While Brigham found serious measurement problems
in dealing with these variables, he used them in multiple
regression analysis. Intercorrelation among several inde-
pendent variables was high. When highly interrelated
variables were removed, regression coefficients were con-
sistent with prior expectations.

The Ridker [13] study is the only known attempt to
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measure the effect of air pollution upon property values.
The study consisted of a time series and cross-sectional
analysis of the impact of pollution on property values in
St. Louis-East St. Louis metropolitan area.

The cross-sectional model contained 12 independent
variables which referred to census tract characteristics.
Specifically, these variables were: an index of air pollution,
median number of rooms, percent of all housing units built
from January 1950 to March 1960, houses per square mile,
distance in time from the central business district, accessi-
bility to major through streets, school quality, percent of
workers in blue-collar occupations, persons per housing
unit, percent of units occupied by non-whites, a dummy
variable indicating whether the tract was in Illinois or
Missouri ( to account for differences in property taxes), and
median family income in 1959. The index of air pollution
was based on milligrams of sulfur trioxide per 100 square
centimeters per day, averaged for one year. The regression
coefficient of the air pollution variable indicated that for
every increase of .5 milligrams sulfur trioxide per 100
square centimeters per day, there would be a decrease of
$245 in the value of the property affected.

Generally, time series data cannot be used in a regres-
sion analysis of air pollution, because there is usually not
enough variation in air pollution over time. If a specific
situation should arise in which the air pollution level does
change over time very rapidly, and when a suitable control
area as a basis of comparison is available, then a time-
series analysis might be feasible. Such an opportunity was
provided in a middle-class neighborhood in St. Louis, when
a plant that had just been taken over by a metal fabricating
firm began emitting "choking, nauseous gases" [13, p.
141].

Two studies were done, one in the affected area, the
other in a control area as similar to the affected area as
could be obtained. The control area was analyzed to permit
assessment of the effect that pollution had on property
values apart from changes in the general market conditions
that occur over time. Results of the analysis showed a
depreciation in property values between $800 and $1,144
per property covered by the specific nuisance. A rough esti-
mate of the total loss in the neighborhood, based upon the
number of dwelling units in the affected areas, was between
$854,000 and $1,222,000 [13, p. 150]. Ridker felt such
results should be interpreted with caution. The specific air
pollution episode occurred in 1962. If the two study areas
were comparable, they should not have been significantly
different prior to 1962, but should have been after 1962.
The two areas were significantly different in 1963 and
1964, but they were also significantly different in 1959 and
1960, when the pollution did not exist. The same phenom-
ena which existed in those two years could also have
existed in 1963 and 1964. If this were the case, then the
fact that the two areas were significantly different in 1963
and 1964 would be meaningless from the standpoint of
explaining differences in property values by differences in
air quality.

The Real Estate Market in the Study of
the Economic Effects of Air Pollution

Efficient functioning of a market system requires that all
direct consequences of economic actions be reflected to the
decision-maker responsible for them. It is assumed that
technical conditions of production and consumption are
such that neither costs nor benefits fall upon parties other
than the one causing the action. However, it has long been
recognized that the market will often prove ineffective in
making the performing unit fully accountable for the
economic consequences of its actions.

When such economic interdependencies exist, and
when the consequences to the affected party are negative,
they are often called technological external diseconomies,
and may be defined as follows: A technological external
diseconomy exists where a particular action by a decision
unit ( government, business, household, or individual)
produces uneconomical results—higher costs or less valu-
able production—and the costs of the action are transferred
from the economic decision unit pursuing the action to a
managerially independent unit by a technical or physical
linkage between the units, and not by a market transaction.
These costs may take the form of an actual outlay of
money, a reduction in income or utility, or the foreclosure
of some opportunities [9, p. 78].

Air pollution is often associated with a technological
external diseconomy. The costs of the natural resources
used in waste disposal are, for the most part, external to the
emitter. Given this condition, society has attempted to
improve resource allocation by forcing decision-makers to
take such costs into account. Social institutions now existing
to augment the market in resource allocation when exter-
nalities exist include the judicial process; and the local,
state, and federal governments with their use of police and
legislative powers.

To operate effectively, social institutions need adequate
information, particularly about the economic costs of air
pollution. There are potentially three methods of estimating
such costs.

The first method is measuring the direct costs of pollu-

tion [13, pp. 15-20]. This method precludes adjustments to
pollution by the affected individuals. Such adjustments
might include, for example, the filtering of the air entering
one's house. Measuring the direct costs of pollution is an
attempt to estimate the costs which would have to be
borne by individuals who, in the presence of pollution,
would desire to carry out the same production and con-
sumption activities as they would in the absence of pollu-
tion. To the extent that adjustments are made by individ-
uals to alleviate the damages caused by air pollution, the
results from this method will be biased. That is, if all direct
costs have been measured without allowing for adjust-
ments, these costs will overstate the costs of air pollution.
Unless the net effect of adjustments is to reduce costs, the
adjustment would not be undertaken.

This leads to the second method, outlined by Ridker
for the measurement of air pollution costs [13, pp. 20-23].
This method takes into account individual consumer adjust-
ments.' The effects of air pollution may cause individuals
and firms to adjust their consumption and production
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patterns in order to lessen the immediate effect of air
pollution. For example, those affected could move from the
area, or choose to produce a commodity, the production of
which is not affected by air pollution. The consumer may
be able to reduce his losses, but he may not be able to
completely eliminate having to bear at least a portion of
the direct loss. Then the appropriate measure of the cost
of air pollution would be the sum of the two quantities:
the individual's adjustment costs, plus any remaining dis-
utility or reduction in resource productivity.

One of the biggest problems associated with this
method is one of measurement. Any relation between air
pollution and the cost of adjustment to it must be based
upon data specifically gathered for this purpose. Each
possible adjustment that will reduce the effects of pollution
must be identified. The adjustment process may cause
changes in factor or product prices. Hence, the incidence of
pollution costs may be widely dispersed. Observing only
the individual adjustment made by those directly affected
may lead to an underestimate of the costs of pollution as
the market effects are disregarded. Perhaps the following
examples will make this point clear.

As air pollution increased in Los Angeles, spinach and
orchid growers bore the initial impact of the costs of
having to reduce production of these commodities in the
area. However, to the extent that their prices rose as a
consequence of the decreased production, some of the
losses were transferred from the producers to the consum-
ers. A similar example can be given for the housing market.
In most instances, a rise in pollution in one sector of the
housing market may result in a fall in property values in the
affected sector, and an increase in these values in some
other unaffected areas. The market, therefore, tends to
spread the consequences of pollution among individuals
[13, p. 24].

This failure of the second method leads to the third
method for measuring the costs of air pollution. The third
method takes into account market effects as well as
direct effects and individual consumer adjustments. The
only complete way to measure social losses occurring with
air pollution is to go beyond the individual adjustments and
take into account market interactions, such as those occur-
ring in the examples given above.

The proper way of measuring pollution costs would be
the summation of changes in producers' and consumers'
surpluses resulting from a change in air pollution within all
affected markets. Implementation of such a measurement
procedure would require not only the assumption of
constancy in the marginal utility of income over the rele-
vant range, but, more importantly, the derivation of a
large number of demand and supply functions. The de-
mands on research resources from such an undertaking
would be very high.

We believe, however, that there is one market which
does have the potential to reflect the aggregation of the
majority of the effects of air pollution. This is the real
estate market. In this study, we depend on it for an
estimate of the costs of pollution.

It is held that if the land market were to work perfectly,
the price of a tract of land would equal the sum of the
future net benefits derivable from it, discounted to the pres-

ent. The hypothesis of this paper is that air pollution
represents a cost, the incidence of which will be reflected in
property values. If air quality deteriorates and some of the
costs associated with air pollution rise (one has to clean or
paint his house more often), or benefits from the use of the
real estate decline (one can no longer see the mountains),
then the market price of the property will be discounted in
the market to reflect the consumers' valuation of such
changes. Therefore, estimates of air pollution costs can be
obtained by observing the changes in property values
associated with changes in air quality. 1 For air pollution to
have an observable effect upon property values it is neces-
sary to assume, of course, that buyers and sellers know at
least some of its consequences.

The Economic Model

Characteristics, Assumptions, and Definitions
of the Real Estate Market

Each piece of property has certain unique char-
acteristics from which utility is derived by its user. Ex-
amples of such characteristics would be its location and
improvements. These characteristics determine the amount
the consumer is willing to pay for the property. Similarly,
there are characteristics of property which provide dis-
utility to the user, for instance, noise and air pollution.
These items affect negatively the consumer's evaluation of
the property.

We are concerned with residential property which is
located within the city limits. Generally, the property is a
single-family residence, has available city water, sewage
and garbage disposal, and possesses other characteristics
from which utility can be derived.

It is assumed that the amount of money which a buyer
would spend for a given residential• property is a function
of the buyer's lifetime income, or, preferably, expected
permanent income. Permanent income is defined as the
present value of the consumer's expected future receipts
[5, p. 20].

There will be no attempt in this paper to separate the
effects of air pollution on property improvements from its
effects on the land. When most people buy residential
property they consider the land and the improvements
upon it as an integral unit, hence our definition of residen-
tial property.

The Model
Buyers will bid for a specific residential property; the

seller will accept the highest bid offered for the property.
Residential property value, then, is defined as the total sum
of money paid by a buyer after having evaluated the alter-
natives. The buyer compares the satisfaction derivable from
ownership of the property with the opportunity costs of
owning the property. Such costs result from the investment
of the buyer's capital in the property, and from the charges
for interest, taxes, depreciation, and maintenance.

There are many variables which determine the value
of residential property. Air pollution is but one. These other
variables must be examined in establishing an economic

1 It is assumed that the supply of properties is fixed. This
does not appear to be a strong assumption for the location and
type of property market analyzed here.
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model to explain property values. Such variables can be
grouped into three broad categories: characteristics specific
to the property, neighborhood characteristics, and loca-
tional characteristics.

Among those characteristics which are specific to resi-
dential property, the number of bedrooms, the quality and
size of the housing unit, and the size and topography of the
property upon which the housing unit is located appear to
be important. Generally, an increase in house size, number
of bedrooms in the house, or quality of the housing unit
will lead to an increase in the value of the property.

A larger lot size would likewise be expected to enhance
property value. A smaller lot size is generally associated
with a crowded neighborhood. Most buyers would feel this
to be an undesirable characteristic. One might want to
develop a topographical index to take into account other
characteristics of a particular site. A site located on an
elevated position which provides a desirable view could
enhance the value of the property more than if property
were located on level ground.

Among the neighborhood characteristics, such variables
as the quality of public services, persons per housing unit,
houses per acre, and the crime rate in the area may be
important. It is hypothesized that the higher the quality of
public services provided, the higher will be the value of the
property. The quality of public schools would be a prime
example of this. Similarly, most people would prefer to live
in an area experiencing a low crime rate. On the other
hand, increased school quality and lower crime rates will
probably mean higher property taxes, if property taxes are
used as a method of financing these public services. This
could depress property values.

Persons per housing unit would be a measure of popu-
lation density in a given area (as would the number of
housing units per acre). Higher values of this variable
would usually be associated with more noise and conges-
tion, and less privacy. Thus, higher values of this variable
could cause property values to decline.

Finally, in examining the locational characteristics of
the property, one might wish to include in the economic
model the distance or time from the location of the con-
sumer's major economic activities. A residence located
relatively close to areas of employment, shopping, and
recreation reduces commuting costs (in terms of time
and money), and generally commands a higher price than
one located farther away.

Let us now examine the air pollution variable. Air
pollution is a discommodity to the consumer. Not only does
the deterioration of air quality increase the costs associated
with the use of the property, but it also reduces the benefits
derived from the property. If the buyers are aware of the
consequences of pollution, they will discount the increased
costs and loss of benefits in their valuation of the property,
causing it to decline. Whether potential buyers and sellers
know that the effects are attributed to air pollution is
immaterial. All they need to know is that the effects exist,
not what specifically causes them. This knowledge of the
costs of air pollution will ultimately lead to discounting the
values of the properties subjected to the pollution. Such
costs may be estimated by observing the changes in prop-
erty values with changes in air quality over space or time.

Air pollution

Figure 1. Hypothesized relationship between price of residen-
tial property and air pollution.

The hypothesized relationship between air pollution
and residential property prices or values is shown graphic-
ally in Figure 1. The graph illustrates that, as air pollution
increases, the value of the residential property will decline.

The lower part of Figure 2 is just the opposite of Figure
1. That is, air quality, a commodity, is used instead of air
pollution, a discommodity. In this case, air quality im-
proves as we move to the right on the air quality axis.
In the first part of Figure 2, air quality is shown on the
horizontal axis, and money is shown on the vertical axis.
I° and I' are indifference curves between money and air
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quality applicable to our representative buyer. The usual
assumptions about the indifference curves hold: utility is
constant for movement along an indifference curve; a
higher indifference curve is preferred to a lower indiffer-
ence curve(I' is preferred to I'); the indifference curves
do not intersect; the indifference curves are concave from
above. 2 OM is defined as the consumer's permanent in-
come. The total amount of money to be spent upon any
property by the potential buyer is a function of his income.
The buyer will attempt to maximize the utility arising from
the use of the property, given the constraint imposed by
his income. The price offered for clean air by the potential
buyer is given by the slope of the line p°, which touches
the indifference curve P at K, the point at which utility
is maximized. MM, would then be the amount of money
which a consumer would pay to have air quality a 1, which
is reflected in price P o that he offers for the property.

What happens if air improves, say from a 1 to a2 ? The
consumer would increase his utility or satisfaction from K
to L by moving to a higher indifference curve. Since he has
already committed himself in the market, he would pay
nothing for the increased utility. When he entered the
market, the present owner of the property was willing to,
and did, pay a price p° to obtain air quality a 1 . Now air
quality has changed from a 1 to a2 , which means the owner
is obtaining increased air quality without an additional
sacrifice in money. Since he is now receiving cleaner air,
this would imply that the price of air quality has been
lowered for him from p° to p'. But if he were now entering
the market, the present owner, as seen by the first part of
Figure 2, would have been willing to pay up to LD (M1M2)
to obtain the increase in air quality. The consumer is
obviously better off at L than at D, and he has been able to
obtain this position without cost to himself.

2 For more complete discussion of indifference curves, see.
C. E. Ferguson, Microeconomic Theory, Richard D. Irwin, Inc.,
Homewood, Illinois, 1966, pp. 9-25.

If we assume the marginal utility of money to be
constant, 3 then LD is the same as the Marshallian con-
sumer's surplus, or the Hicksian compensating variation of
consumer's surplus. This can be seen in the first part of
Figure 2, where we have shown the line p" parallel to p'
and tangent to I° at D. Notice that MM 3 represents the
amount of money by which the consumer's income could
be reduced after the air quality improvement occurred to
make him no worse off than he was before the air quality
improvement. 'Under the assumptions made here, MM3
and M 3 M2 (LD) represent the same quantities.

If LD is the consumer's surplus arising to the present
owner because of a change in air quality, what happens to
it? Other buyers would begin to bid up the price of the
property to obtain the consumer's surplus. This would
continue until the beneficial effects of the change in air
quality would become capitalized into the value of the
property. The property price would change from P o to P1
as shown in Figure 2. This change in price is exactly equal
to the consumer's surplus LD. The above analysis can, of
course, be reversed to study the effects of deteriorations in
air quality.

A word of caution is necessary when we turn from the
individual consumer to the market in general. In the latter
case, the assumption made about the constancy of the
marginal utility of income may be less realistic. The obser-
vation, if correct, that many low-income neighborhoods
appear to be concentrated in the most polluted areas of
cities would support the need for caution. In any case,
we have no reason to argue that public expenditures for air
pollution control would be neutral in their effects upon the
existing distribution of income.

3 This assumption is not unjustified when one considers
that, of the total amount of money paid for the property,
the price paid for air quality is only a small part of the total
sum. Thus, the assumption that the marginal rate of substitution
between air quality and money remains unchanged for all
incomes is not unreasonable.

III. THE EMPIRICAL PROCEDURE
The Study Area

The area of study centers within the city limits of
Toledo, Oregon (estimated 1967 population 3,010 4 ). The
City of Toledo is located on Yaquina Bay. It is 13 water
miles from the mouth of the bay, and 6 road miles from
the Pacific Ocean. The town is located on U.S. Highway
20, which connects it to the Willamette Valley 40 miles to
the east. In addition, Toledo has the usual city facilities and
services such as fire and police departments, sewer, and
industrial and domestic water services. Assessed valuation
for Toledo in 1967 was $14,353,538, 5 the highest of any
town in Lincoln County.

The economy of Toledo is oriented toward lumber and
wood products and pulp and paper manufacturing. One of
the first things to be noticed when entering Toledo is the
white plume emitted from the 290-foot stack of the three
recovery furnaces at Georgia-Pacific Corporation's (G.P.)

4 State of Oregon, Division of Planning and Development.
5 Lincoln County Assessor's office.

pulp and paper mill. This, together with the company's
plywood mill, provides year-around employment for ap-
proximately 1,000 employees, and furnishes economic
stability in a county characterized by seasonal fluctuations
in employment. Several other mills in the area offer addi-
tional employment, but G.P. is the largest employer.

The kraft mill represents a 40-million dollar invest-
ment,6 and has a capacity of approximately 1,000 tons of
paper per day. It started operations in December of 1957.
For the area of study (see the shaded area in Figure 3),
the kraft mill represented the only major source of air pollu-
tant emissions. The study area was made up entirely of
residential property, with very little vacant, unimproved
land. The boundaries of the study area were determined

6 To arrive at assessed value from appraised market value,
one multiplies the latter by 25 percent. Therefore, $10 million
is the assessed value of the kraft mill, and is included in the
assessed value of Toledo ( $14,353,538 ). To get the approxi-
mate appraised cash value of Toledo, multiply the assessed
valuation by four.
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Figure 3. The study area. ( Adapted from a map prepared by
the Oregon State Highway Department.)

principally by the location of the air quality monitoring
stations.

The use of Toledo as a study area has the following
advantages: First, the source of pollution for the area was
principally from only one emitter. Second, the area con-
sisted, for the most part, of single-family, residential hous-
ing units; hence, the impact of the air pollution was on
relatively homogeneous economic units. And third, the area
was close to the campus of Oregon State University, so
transportation between the study area and the campus was
easily facilitated.

On the other hand, the smallness of the study area
meant that much of the statistical information which would
have existed for larger areas was not available. This would
include data on income, employment, and retail sales.

The Economic Model Used

Because of the nature of the study area, many of the
variables which were discussed in the last section were
excluded in the Toledo economic model. The study area
was within one taxing district. For this reason, such things
as school quality, quality of other governmental services,
and tax rates were not included. The town is so small that
differences in crime rates were thought to be inconsequen-
tial. For similar reasons it was unnecessary to include in
the function variables measuring distances to the central
area of shopping, or to the major access route of Highway
20.

For the variables reflecting population density, lot size
in acres appeared to be both reasonable and measurable
in the Toledo case.

The study area is located on a ridge of hills overlooking
a small valley, so the terrain is fairly uniform throughout.
Hence, it was felt that nothing would be added to the ex-
planatory power of the economic model by including a
topographical index.

In summary, the following economic model for explain-
ing residential property values was derived:

Y = f ( X1, X2, X3, X4, X5, X,),	 (3.1)

where
Y = market price of the residential property in dollars.
X, = size of the house in square feet.
X2 = size of the lot in acres.
X3 = a measure of the physical and functional quality

of the housing unit (expressed quantitatively
between 0.00 and 1.00).

X4 = the number of bedrooms in the housing unit.
X5 = quarterly manufacturing payroll in Lincoln

County in millions of dollars.
X, = a measure of air pollution (expressed in dustfall,

tons per square mile per month).

X, is the only variable not previously discussed. It was
felt that fluctuations in the level of economic activity in the
study area during the period of study needed to be in-
cluded in the model. Generally, higher levels of economic
activity would lead to an increase in residential property
values. The quarterly manufacturing payroll in Lincoln
County was thought to be a reasonable proxy variable for
the overall economic activity in the study area.

The Statistical Model
The considerations of the last section lead to the fol-

lowing regression models:
Yl = Po +	 /2X2 /13X. /34X4 85X5

,66X6	u,	 (3.2)

Y2 = PO + P1X1 P2X2 P3X3 /34X4 fl5X5
p,X, u,	 (3.3)

where
Y, = market price of the residential property ex-

pressed as price per acre in dollars.'
Y2 = market price of the residential property in

dollars.
u = a random error term, about which the usual sta-

tistical assumptions are made [4, p. 17].

And where X, through X 6 are defined as in the economic
model (3.1) given above.

We turn next to some empirical considerations for each
of the variables in the models.

Price of the Residential Property
This variable was expressed in two ways. The value of

a residential lot may be expressed without explicit reference
to any units of measurement of its physical size. This was
done with Y2 . When units of measurement are considered
explicitly, these units may be expressed in terms of acreage,
as they are with Y1.

In this application, the second formulation (Y2 ) ap-
pears to be logically superior to the first (Y 1 ). The expanse
of a residential property lot is not likely to be an important
enough factor in determining residential property values
to justify its placement in the denominator of the depen-
dent variable. On the other hand, having the dependent
variable expressed on a "per acre" basis facilitates expand-

The problem of statistical interdependence between Y,
and X2 will be discussed later.

and
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ing the regression results to the entire study area. This
matter will be taken up later.

The boundaries of the study area, from which property
sales were taken, were determined by- the location of the
dustfall stations maintained by the Oregon State Sanitary
Authority. The location of these stations may be seen in
Figure 4 on page 8 (Stations 5, 6, and 8). The area of
study is shaded in Figure 4.

Data on all market sales in the study area were ob-
tained by reviewing the warranty deed abstracts and con-
tracts kept by a title insurance company in Newport, Ore-
gon. All sales in the study area were enumerated for the
period June 1961 to December 1967. There were a total
of 98 useable observations out of a total number of 118
transactions. Only transactions which appeared to be bona
fide sales were included in the sample. All sales of vacant,
unimproved land were excluded from the sample. The sales
were distributed evenly throughout the study area.

The price of each transaction was derived from the
amount of the Internal Revenue stamps affixed to the deed.
In most instances these stamps were sold only for the
amount of cash involved in each transaction. If the cash
involved represented a down payment on the property,
and a mortgage was given for the remainder of the pur-
chase price, then the mortgage was added to the cash down
payment. Contract sales were included at the contract
price, including any cash down payments

The properties' locational descriptions were obtained
from deed abstracts. These were used to obtain the prop-
erty tax records for each piece of property sold. From
these records were obtained data on the property char-
acteristics used in the statistical models: size of the house,
lot size, depreciation of the housing unit, and number of
bedrooms.

Size of the House
This variable was included as a housing unit char-

acteristic. The variable measures only the number of
square feet in the base of the house. No provision was
made to include additional living space that might have
been obtainable from an upper story or basement, because
the tax data were inadequate to permit doing this on a
systematic basis. This variable was expected to exhibit a
positive relationship with the price of the property.

Lot Size
This variable was expressed in acres. The basic as-

sumption for its inclusion was that a large tract of land
provides more utility to the potential users of the land. Lot
size was thought to have a positive relationship with prop-
erty values.

Quality of the Housing Unit
This variable is an estimate by the county assessor to

express the condition of the dwelling with respect to
physical depreciation and functional obsolescence. In
essence, it is a measure of housing quality.

8 No consideration was given to the interest rates payable
on the mortgages and contracts. Rates of interest were fairly
constant during the study period.

Physical depreciation in the appraisal sense is referred
to as the actual wearing out of the structure due to use.
Physical depreciation can be measured in most instances by
estimating the costs of restoration and repairs [12, p. 113].

Functional obsolescence is referred to as the inade-
quacy of design, architecture, and layout of the structure.
Some examples of functional obsolescence would include
inadequate plumbing for the number of bedrooms, and an
inadequate heating plant. Functional obsolescence can be
measured by estimating the cost required to correct the
situation [12, p. 113].

The variable was expressed quantitatively as a number
between 0.00 and 1.00. The higher the number, the better
the condition of the dwelling. This variable was expected
to have a positive relationship to the dependent variable.

Number of Bedrooms
The models already contain one variable specific to the

size of the housing unit (the number of square feet in the
house). However, the models do not have a variable
specifying the structural arrangement of the housing unit.
To be more specific: A housing unit quite large in square
feet, but containing, say, only two bedrooms, would in
many instances be of less value than a comparable house
with three bedrooms. This variable was expected to have
a positive relationship to the dependent variable.

State Law requires that all property be re-assessed by
the county in which it is located at least every six years.
The study area was appraised in 1960-1961 and in 1966.
Therefore, two sets of tax records existed for each property
in most instances. In all instances we tried to use the ap-
praisal records which were compiled closest to the date
of sale.

Quarterly Manufacturing Payroll

This variable is a measure of the total manufacturing
payroll for Lincoln County. The variable was expected to
have a positive relationship with the dependent variable.
Data on the total payroll for Toledo would have been desir-
able, but were not available. However, payroll data were
available for Lincoln County from the Oregon State De-
partment of Employment. 9 As 55 percent of Toledo's work
force was employed in manufacturing [14, p. 138], data
on the manufacturing payroll for Lincoln County were
used as a proxy for the more desirable data series.

Air Pollution
This was the variable of principal interest, and it was

expected to be negatively related to residential property
values. A detailed discussion of the collection, limitation,
modification, and statistical preparation of this variable for
inclusion in the final regression models will be given in
Section IV.

9 This information was obtained from their quarterly pub-
lication: Oregon Covered Employment and Payrolls of Industry
and County. This publication was prepared by the Research
and Statistics Division of the Department of Employment. The
study used the quarterly data inclusive from June 30, 1961,
through December 31, 1967.
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IV. AIR QUALITY ANALYSIS

Air Pollution

The air pollution variable was expressed in the re-
gression model as the mean of three observations: the
amount of dustfall, in tons per square mile per month,
observed during the month of sale and during each of the
two months preceding the month of sale. The assumption
for the use of the three-month time period was that a
person's actions will be influenced most by his experience
during this period.1°

Most of the air quality data were obtained from the
Oregon State Sanitary Authority (O.S.S.A.). The only
continuous air quality data which the O.S.S.A. had col-
lected for Toledo were dustfall. While other methods of air
quality measurement had been used within the Toledo area,
they were of such a sporadic nature as to be useless for
this study. The O.S.S.A. had four dustfall stations in opera-
tion in Toledo. They were Stations 5, 6, 7, 11 and 8, and
their approximate locations are shown in Figure 4. 12 The
location of these stations established the boundaries of the
study area, and the dates of their continuous operation
( except Station 8) established the length of the study
period ( June 1, 1961, to December 31, 1967). Station 8
began operation in January of 1965.

It was initially thought the only air quality data avail-
able were from the O.S.S.A. Figure 4 shows that there are
other dustfall stations besides those of the O.S.S.A. These
other dustfall stations are labeled as Stations 3, 4, 9, 10,
and 11, and were maintained by Georgia-Pacific Corpora-
tion. The monthly records kept on these stations were ob-
tained from the evidence of a tried civil complaint case in
the Circuit Court of Lincoln County.13

Methods of Dustfall Collection and Analysis

For quite some time dustfall, or particulate fallout, has
been used as an indicator of air quality in the United
States. Dustfall is one of the more easily measured pollut-
ants. In essence, it is a measure of the amount of material
that settles out of the air and is entrapped in a collecting
container. The specific intent of this measure

. . . is to describe the mass rate of fall of particulate
matter under the conditions of each test. It measures
the quantity of material which will settle on horizontal

10 For a discussion of a weighted average method of ex-
pression, and the statistical results from its use, see [8, pp. 52,
80-82, 86-91].

11 Station 7 is used by the O.S.S.A. as a background station.
A background station is used to estimate what the level of dust-
fall would be in a given area in the absence of industrial or
other unnatural contamination of the air.

12 The approximate locations of all dustfall stations were
determined by the visual location of the station on the property
where possible. Where visual observation was not possible, then
addresses were relied upon. In some cases no exact address
could be given, and the stations' locations were described by
landmarks or structures known to local residents.

13 Vernie Hansen, executrix for the estate of Ross N.
McElwain and Edith McElwain vs. Georgia-Pacific, a corpora-
tion. ( Case No. 23257.) Judgment handed down August 9,
1968.

surfaces, and consequently is useful in describing one
phase of community dirt—that material which must
be swept from porches, steps, automobiles, or other
unsheltered locations [7, p. 375].

As far as is known, there have been no studies con-
ducted which attempt to correlate particulate emissions
with hydrogen sulfide and other odorous gases being
emitted from }craft mills. This does not mean that such a
correlation might not exist.14

Figure 4. The study area and the location of the dustfall
stations. ( Adapted from a map prepared by the Oregon State

Highway Department.)

In Oregon, dustfall samples are usually collected in
polyethylene-type sample containers. The sampling con-
tainer is usually exposed at a desired location for a period
of 30 days, plus or minus two days. The O.S.S.A. standards
provide that distilled water may be added as a collection
solution. Isopropyl alcohol may be used as antifreeze,
where necessary, and an algacide (Dowicide B) may be
added when needed. 15 At the end of the collection period
the sample is analyzed in accordance with the O.S.S.A.'s
procedures [11, pp. 2-4], which are similar to those of the
American Society for Testing and Materials [1]. Total

14 See [8, pp. 61-62] for a more extensive discussion of this.
15 Dowicide B is added to prevent the growth of algae in

the distilled water, particularly during the warmer months.
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particulate weight and volatile and non-volatile solids were
determined gravimetrically (measured by weight). An-
alyses for specific ions were usually performed, particu-
larly with respect to calcium, chloride, and sulfate. Such
analysis can be used to indicate the source of the fallout.
That is, kraft mills emit calcium, chloride, and sulfate com-
pounds. An increase in these ions, above normal back-
ground level, could be indicative of the source of the
increased pollution. All units of measurement were ex-
pressed in tons per square mile per month.

The sampling period for G.P.'s stations were the same
(in terms of number of days) as the O.S.S.A.'s stations.
The results of the G.P. data were reported similarly to the
0.S.S.A.'s data. Laboratory analysis, however, followed
the directions of the National Council for Stream Improve-
ment. O.S.S.A. considered G.P.'s data comparable to theirs.
This study did likewise. 16

Data Limitations in Using Particulate Fallout
as an Indicator of Air Quality

The measurement of particulate fallout is subject to
many possible errors, not only in the collection and labora-
tory analysis, but also in the interpretation of the results.
Many variables may influence particulate fallout. These
would include the rate of emission from any given source,
wind direction and speed, precipitation, thermal air cur-
rents, and air eddies produced by the terrain or construc-
tion in the vicinity [7, p. 372].

Most of the material collected in the dustfall contain-
er is larger than 20 to 40 microns in diameter. Anything
above 10 microns in diameter will usually settle out of the
air rapidly. Therefore, one can usually expect that the
sample results will be indicative of the scale of industrial
and domestic activity in a given area (based on the com-
bustion of fuel and processes involving coarse dust emis-
sions ). A comparison over a period of time of certain
stations at given locations can be indicative of the success
or failure of pollution abatement activities directed at
reducing excessive particulate emissions. However, dustfall
results reported from other areas of the United States are
not comparable to fallout results reported from Oregon
stations. The reasons for this are twofold: Particulate fallout
varies among areas, and Oregon's particulate fallout ap-
pears to be bigger than that found in other parts of the
nation. So big, in fact, that much of it fails to pass through
a 20-mesh screen [2, p. 4]. Most methods of analysis
(American Society for Testing and Materials [1] and the
Air Pollution Control Association [7] ), except Oregon's,
require as the first step that the sample solution be strained
through a 20-mesh screen. Secondly, the methods of an-
alysis for Oregon are based largely on observations and ex-
perience in the State.

The three measures of particulates—suspended par-
ticulate, particulate fallout, and soiling index—are closely
interrelated. Therefore, it can be expected that if one is
reduced, the others will also be reduced [15, p. 9]. That is,
a greater or lesser loading of the atmosphere will be re-

16 For a more detailed discussion of the above items, see
[11, pp. 1-4] and [7, pp. 372-377].

fleeted in a correspondingly greater or lesser particulate
fallout.

G.P. and the O.S.S.A. had different starting and stop-
ping dates for their sampling periods. Sampling periods
for both networks of stations were, more or less, 30 days.
The results obtained gave the total dustfall for a 30-day
period. Most of the dustfall could have fallen on any-
one of these days, with little falling on the remaining days.

The potential effects of pollution emissions from kraft
mills are numerous. However, in many instances very little
is known about such effects. The effects of particulate
fallout are mostly physical or chemical in nature. With
respect to human health, particles larger than 10 microns
in size are practically all removed in the nasal passages.
Particulate fallout is in the 20 to 40 micron size range,
hence it is not regarded as a health hazard. However, most
people would agree that hydrogen sulfide, methyl mercap-
tan, dimethyl sulfide, and dimethyl disulfide all have an
unpleasant odor, and tend to "redflag" most kraft mills.17

It is not uncommon to hear complaints about the fallout
from recovery furnaces and lime kilns in the vicinity of a
kraft mill. Vegetation damage has been attributed to fall-
out and sulfur dioxide. Vegetation damage is evident in
Toledo. Particulate matter can be an important factor in
the corrosion of metals, and damage to other materials
[6, p. 2]. Damage to structural materials and painted
surfaces has been reported from saltcake, lime dust, and
various sulfur-containing gases. The employees' car
washing operation that can be seen at most mills is evi-
dence of management's awareness of the problem. Under
specific conditions, lead base paint may be blackened in
the presence of sufficient concentrations of hydrogen sulfide.

In conclusion, most of the damages resulting from the
particulate emission of the kraft mill are likely to be those
contributing to the general dirtiness of the surroundings.
Most of the larger particulate matter settles near the plant
site, while the smaller particles may be carried for several
miles. If these finer particles remain suspended in the air,
they contribute to visibility interference, sky darkening,
and may help to carry odors longer distances.

The Preparation of the Dustfall Data
for Inclusion in the Regression Model

At the end of the study period (December 1967), G.P.
maintained 13 stations. The use of these stations was
limited by their location, and by the completeness of the
series of measurements taken. Hence, only five of the 13
stations were used in this study (Stations 3, 4, 9, 10, and
11 in Figure 4). Because of the calculation errors in the
earlier data which could not be corrected, only the air
quality data for the years 1965, 1966, and 1967 from the
five stations could be used.

The next problem was estimating the missing observa-
tions for O.S.S.A.'s Station 8 from April of 1961 through

17 From the standpoint of the measurement procedures
used in this study, it really does not matter whether a health
hazard actually exists or not. The personal evaluations of owners
and buyers of property , in the area are what count. If they
believe that a health hazard exists, then they will discount the
price of the property accordingly.
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December 1964. This was accomplished by using the fol-
lowing regression model 18

= Po + /31X1 (32X2+ /83X3 + u	 (4.1)

where
Y = dustfall of Station 8 in tons per square mile per

month.
dustfall of Station 5 in tons per square mile per

month.
X2 = dustfall of Station 6 in tons per square mile per

month.
X3 = dustfall of Station 7 in tons per square mile per

month.
u = random error term about which the usual statis-

tical assumptions are made.
4.1 makes use only of Stations 5, 6, and 7 in its estima-

tion, because the G.P. data were incomplete and in error
for the period 1961 through 1964. Some of the monthly
observations were missing from Stations 5, 6, and 7. Only
actual observations taken during 30 out of a possible 36
months were used in estimating the regression coefficients.
The results of the model were as follows:

	

Y = 13.6397 + .1746X, + .0183X2 + .3836X3	(4.2)
(.0669)	 (.0561)	 (.2055)

The standard error of the coefficients are shown in paren-
theses. The coefficient of multiple determination (R 2 ) was

18 Alternatively, it would have been desirable to use
meteorological data to reconstruct these dustfall records. How-
ever, such data were not available for the study area.

0.3316. Equation 4.2 was used to predict the missing data
for Station 8 from April 1961 through December 1964.

Three additional equations of the form of 4.1 were
estimated to predict the missing observations for Stations
5, 6, and 7. The coefficients of multiple determination did
not improve (they remained between 0.320 to 0.335),
even though the number of monthly observations increased
to over 70 (Stations 5, 6, and 7 were in operation from
about mid-1961 through 1967). While the derived esti-
mates are not very reliable, they were the best that could
be derived from the available data.1°

The next step was to derive a method of estimating the
dustfall on each piece of property sold for the month of
sale and the prior two months. Recall that observations
were available from nine dustfall stations from 1965
through 1967, and from three stations from 1961 through
1964. There are two methods of estimating the dustfall
on a piece of property. The first method involves weighing
each observation by its distance from each dustfall station.
While simple, this method has the distinct disadvantage
of having limits (determined by the highest and lowest
value of dustfall for the group of stations used) placed on
the dustfall value any residential property would take. The
second method involves drawing of isopleth overlays. The
last method was predominantly used in this study.2°

18 For a more detailed explanation of the statistical
methods used in this study, see [8, pp. 68-77].

20 See [8, pp. 77-79] for a more complete explanation of
the procedure used.

V. STATISTICAL RESULTS

Results of the Regression Models

Section III gave two regression models for the estima-
tion of property value. Model 3.2 expressed the dependent
variable as market price per acre of the property sold;
Model 3.3 expressed the dependent variable as market
price of the property sold. In this section, 3.2 will be desig-
nated as Model 1; 3.3 will be called Model 2. The results
from both models are presented below, and are summar-
ized in Table 1, page 11.

Size of the House (X, )

The estimated coefficient for X, (size of the house in
square feet) was significantly different from zero at the
2 percent level for Model 1; it was significant at the 1
percent level for Model 2. For both models, the variables
were positively related to the dependent variables as
expected. The coefficient estimated for this variable might
be in error to some extent, because the existing upper
stories in some houses were not taken into-account.

21 Because of the nature of the study and the type of data
being used, it was decided that any coefficient that was not
significantly different from zero at the 30 percent level or higher
( higher level of probability that the estimated coefficient would
be significantly different from zero) would be deleted from the
model.

Lot Size (X2)
The coefficient of this variable (size of the lot in acres)

was significantly different from zero at the 1 percent level
in Model 1; it was significant at 30 percent in Model 2.

The positive sign of the coefficient in Model 2 would
tend to support the contention that a larger lot would be
preferred to a smaller lot. However, a word of explanation
is needed for the negative sign of the coefficient estimated
in Model 1. The reasons for this are likely to be statistical.
It will be recalled that the dependent variable in Model 1
is expressed on a per-acre basis. Observation in the study
area indicated that the more valuable residences were not
necessarily located on the larger lots. But even more
fundamentally, it is only necessary that increases in the
value of the entire property are less than proportional to any
increases in the size of the lot on which the property is
located, ceteris paribus, for the coefficient of the lot size
variable to exhibit a negative sign. Apparently this was the
case, and such effects were strong enough to counter-
balance any intrinsic positive effects of lot size on the value
of property per acre. These results do not necessarily
cause a rejection of the hypothesis that a larger lot is
preferred to a smaller lot.

Quality of the Housing Unit (X,)
The coefficient of the quality of the housing unit

variable was significantly different from zero at the 1

21
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percent level of probability in both Models 1 and 2. The
positive signs of the coefficients were as expected. This
supports the hypothesis that a better-quality home (as
measured by this variable) would command a higher price
for the property unit.

Number of Bedrooms (X,)
The estimated coefficients of this variable had the

expected positive signs. The coefficient was significantly
different from zero at the 5 percent level in Model 1; the
difference was not significant in Model 2.

Quarterly Manufacturing Payroll (X5)
The estimated coefficient of this variable was signifi-

cantly different from zero at 10 percent in Model 1. The
difference was significant at the 30 percent level of prob-
ability in Model 2. The signs of the coefficients were
positive as expected.

Air Pollution (X6)
The coefficient of the air pollution variable was sig-

nificantly different from zero at 10 percent in Model 1. The
coefficient in Model 2 was significantly different from zero
at the 20 percent level. The signs of the coefficients in the
two models were negative. This would lead us not to reject

VI. APPLICATION
Model 1

Model 1 may be used in predicting market price per
acre for any parcel of developed residential property in the
study area. By varying one independent variable, the
others held constant, different property prices can be
ascertained for changes in the independent variable. The
variable of greatest interest in the model is air pollution.
The coefficient of this variable in Model 1 indicates that
for every ton per square mile per month increase in par-
ticulate fallout, the value of the property is estimated to
decrease by approximately $277 per acre. This is an
estimate of the costs of pollution.

Certain limitations have to be taken into account in the
use of the results from Models 1 and 2. These models are
applicable only to improved residential property. They
were not developed for vacant and unimproved land, and
hence cannot be used to predict their values. The results
are unique to Toledo, but they are also unique to the
specific area of study within Toledo. That is, the area of
study was well developed with older homes, built mostly
in the 1925 to 1945 period. While the same type of regres-
sion model and variables might be used for a newer
development within this city, it would seem unwise to use
the coefficients estimated in this study for such purposes.
This limitation could have been overcome by including in
the study area both the newer and older sections of town.
The selection of the study area, and the resulting limita-
tions it imposed upon the uses of the models, was deter-
mined by the location of the air quality stations.

There are other limitations of this study. Only one
segment of the affected real estate market was considered.
To the extent that some pollution costs are transferred to

the major hypothesis of this paper: air pollution represents
an economic cost to the community affected; the incidence
of such costs are discounted in the residential property
values of the community.

A priori nothing could be said about the size of the
coefficients. As far as we know, there were no other studies
which measured air quality in the manner of this study.
And even if there were, the results from this study would
be unique to Toledo.

It should be pointed out that the air pollution variable
may be picking up some variations in other variables not
included in the model. For example, particulate fallout,
the method of measuring air quality in this study, might
be associated with a noise factor. Noise would be expected
to bear a similar relationship to property values as air
pollution.

Revising Model 2
Because so little reliability could be attached to the

coefficient estimated for X, (number of bedrooms) in
Model 2, Model 2 was re-estimated, leaving this variable
out. The results are presented as Model 2R in Table 1,
and are generally quite similar to those of Model 2, except
that X5 (manufacturing payroll) is significantly different
from zero at 20 percent.

OF THE MODELS
other markets, the models presented here underestimate
the costs of air pollution.

The prediction of residential property values resulting
from specific changes in air pollution, the other independ-
ent variables held constant, must take into account the
normal background level of air pollution in the ambient
air. For example, if the average dustfall for a three-month
period was 25 tons per square mile per month, and the
normal background for the area was 10 tons per square

Table 1. Results of Regression Models 1 and 2*

Variables Model 1 Model 2 Model 2R

Sample Size
Constant	 	
X, 	

98
-86533.4080

21.8264
( 9.0541)

98
-17225.0680

8.9391
( 1.1669 )

98
-17470.8590

9.4779
( 1.0465 )

X2 	 -79499.7692 1428.1144 1393.6180
( 9440.4432) ( 1216.7036 ) ( 1216.8155 )

X3 	 115557.8900 17476.9146 17678.2332
( 15981.8592 ) ( 2059.7747) ( 2051.6368 )

X4 	 5615.1596 329.2397
( 2452.3249 ) ( 316.0606 )

X5 	 .0130 .0011 .0013
( .0068 ) ( .0009 ) ( .0009 )

X, 	 -277.0269
( 153.7133 )

-30.8093
( 19.8109 )

-29.4746
( 19.7786 )

R2 	 0.6079 0.7110 0.7076

* Standard errors of coefficients are shown in parentheses.
Where

X, = size of house.
X2 = lot size.
X3 = quality of the housing unit.
X, = number of bedrooms.
X5 = quarterly manufacturing payroll.
X, = air pollution.
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mile per month, the quantity of 15 tons per square mile
per month would be substituted into the models to derive
an estimate of the air pollution damage.

The coefficient of the air pollution variable must be
interpreted relative to the units in which the dependent
variable is expressed. The $277 figure represents a small
percentage when compared to the total value of a lot and
its improvements similarly expressed on a per-acre basis.
For example, a property containing 0.23 of an acre (ap-
proximately 10,000 square feet), and selling for $10,000,
would be expressed as having a selling price of $43,750 in
Model 1. A one ton per square mile per month increase
in dustfall would cause the property value to decline by
$277, or 0.6 percent.

The results of the analysis with Model 1 are presented
in Table 2. The second column of this table shows de-
creases in property values on a per-acre basis associated
with the deteriorations in air quality (increases in air
pollution) shown in the first column. Column three shows
the decline in the aggregate value of 77 non-duplicating
observations from the study area. 22 The last column lists
the decreases in property values per decrease in the level
of air quality for the entire study area. These values are
overstated, as they were not corrected for the unimproved
vacant lots within the area. However, such over-estimation
was considered minimal, as most of the land within the
area was improved.

Table 2. Decreases in Property Values for Given Reductions
in Air Quality: Model 1

Decrease in Property Values
Reduction in air 	
quality ( tons of

dustfall per square
mile per month ) a

5 1,400 25,400 134,800
10 2,800 50,000 269,500
15 4,200 76,200 404,300
20b 5,500 101,600 539,100
25 7,000 127,000 673,900

a All values are net of normal background, which was
estimated to be 10 tons.

b Mean dustfall for the 98 observations was 31.58 tons.
Net of background, it becomes 21.58 tons. Therefore, 20 tons
could be considered an approximation of the average air quality
in Toledo for the period of study.

c Rounded to the nearest hundred dollars.
' Duplicate sales of the same property were eliminated.

Model 2R

Attention is now turned to Model 2R. The application
of this model is similar to those discussed for Model 1. The
coefficient of the air quality variable in Model 2R indicates
that for every ton per square mile per month increase in
dustfall, property values per market transaction will
decline by approximately $29. During the study period the
average dustfall which fell in the study area was 20 tons
(net of normal background). At this average pollution
level, the average property price (determined by entering

22 Sales subsequent to the first sale of property were
eliminated.

each independent variable at its mean) is estimated to be
$7,900 ( -± $4,140, 90 percent confidence interval). (Ac-
tual mean selling price for the 98 observations was
$7,750). A reduction in air pollution by 20 tons to back-
ground level would result in average property values in-
creasing to $8,490 (± $4,135, 90 percent confidence
interval), or 8 percent.

Deteriorations in air quality and property values, using
Model 2R, are shown in Table 3. The second column
shows decreases in property value associated with declines
of air quality per each transaction in the market. The last
column shows the same for all of the non-duplicated
sales.23

Table 3. Decrease in Property Values for Given Reduction
in Air Quality: Model 2R

Decrease in
Deterioration in air	 property value Decrease in property
quality in dustfall
	 per individual
	 values for all

tons per square mile	 market	 nonduplicating
per months	 transaction'	 observationsd

(Dollars)
	

(Dollars)
5 150 11,300

10 290 22,700
15 440 34,000
20b 590 45,400
25 740 56,700

a All values are net of normal background, which was
estimated to be 10 tons.

b Mean dustfall for the 98 observations was 31.58 tons.
Net of background, this leaves 21.58 tons. Therefore, 20 tons
could be considered the average air quality in Toledo for the
period of study.

c Rounded to the nearest tens of dollars.
d Rounded to the nearest hundred dollars.

The average size of the lots sold was 0.2294 acre.
Using the coefficient of the air pollution variable for Model
2R, this would indicate an average decrease in property
value of $128.49 per acre for each ton of increase in dust-
fall. This is a difference from the value given by Model 1
of $148.54. The fact that a relatively minor change in the
specification of the models leads to considerably different
estimates of the air pollution effect upon residential prop-
erty values indicates again that the numerical estimates
from these models must be used with caution. However,
we indicated earlier that Model 2R is logically superior
to Model 1. Therefore, it should be used in estimating the
costs of pollution at various levels of air quality. Model 1
has the advantage of facilitating expansion of the regres-
sion results to the entire study area.

Additional Economic Considerations

To the extent air pollution is reduced, private benefits
result to the user of the land. The incidence of such bene-
fits will ultimately lie in the property values. The im-
provement in air quality does not come about without a
cost. Other scarce resources have to be sacrificed in order

23 This model has not been extrapolated to the entire study
area, because of the difficulty of determining the number of lots
which are in the same ownership, and which could, therefore,
count as one market transaction at the time of sale.

Net	 Entire study
Per acre	 acreage sold"	 area

( Dollars )
	

( Dollars ) e	 ( Dollars )e
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to improve air quality. Such sacrifices may include addi-
tional outlays for pollution control equipment or curtail-
ment in the production of paper. It was unfortunate that
currently available data did not permit a comparison
between the benefits derivable from an increase in air
quality, and resulting costs which would have to be in-
curred to bring it about. In other words, are the economic
benefits resulting from an increase in air quality sufficient
to justify, on the basis of economic efficiency considera-
tions, the necessary sacrifices? If they are, then it would be
desirable to increase air quality to the point where mar-
ginal social benefits derived from a unit reduction in air

pollution are equal to the marginal costs of bringing it
about. This study gives only part of the needed information
to determine this.

Methods of measuring and determining benefits ( costs)
must be known if the setting of air pollution standards is to
bring about economically efficient results. Ideally, stand-
ards too would be set at a level where the marginal social
benefits of an increase in air quality are equal to the mar-
ginal social costs incurred to bring it about. Emission
charges, levied by an environmental control agency, can be
used as a management tool to approximate an efficient level
of standards by forcing the firm to take into account the
marginal social costs of pollution.

VII. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
Summary

The main hypothesis of this paper was that air pollution
represents an economic cost to the community affected,
and that the incident of such costs was reflected in the
property values of the community. The main objective of
this study was to estimate the effects changes in air quality
would have on property values in Toledo, Oregon.

The empirical basis to test the hypothesis was furnished
by actual sales of residential property within the city limits
of Toledo. The economic geography of the area was
oriented toward lumber and wood products, and pulp and
paper manufacturing. The study area was limited to single-
family residential housing. The only major source of pollu-
tion came from a pulp and paper plant. Information on
particulate fallout (dustfall), used as a measure of air
pollution in the study area, was obtained from the Oregon
State Sanitary Authority and from evidence submitted in a
civil suit. Data on specific property characteristics were
obtained from the Lincoln County Assessor.

Two models were developed to explain property values.
The final regression equations resulting from the analysis
of 98 sales of residential property (distributed evenly
throughout the study area) from June 1961 through
December 1967 are as follows:

Model 1
Yl = —86533.4080 + 21.8264X 1 + —79499.7692X2

	

(9.0541)	 (9440.4432)
+115557.8900X3+5615.1596X4+.0130X,±-277.0269X,

(15981.8592) (2452.3249)	 (.0068)	 (153.7133)

Model 2R
Y2 = —17470.8590 + 9.4779X 1 + 1393.6180X2

(1.0465)	 (1216.8155)
17678.2332X3 + .0013X5 + —29.4746X6
(2051.6368)	 (.0009)	 (19.7786)
where

Y 1 = market price of the residential property ex-
pressed as price per acre in dollars.

Y, = market price in dollars of the residential prop-
erty.

X1 = size of the house in square feet.
X2 = size of the lot in acres.

X3 = a measure of the quality of the housing unit
(expressed quantitatively between 0.00 and
1.00).

X 4 = the number of bedrooms in the housing unit.
X5 = the quarterly total manufacturing payroll (in

millions of dollars) of Lincoln County.
X6 = a measure of air pollution (expressed in dustfall,

tons per square mile per month).
The standard errors of the coefficients are in parentheses.
Model 1 had a coefficient of multiple determination (R2)
of 0.6079. R2 for Model 2R was 0.7076.

The findings with respect to the air pollution variable
were as follows: In Model 1 it was found that a ton per
square mile per month increase in particulate fallout would
cause property values to decline by $277 per acre. In
Model 2R it was found that a similar increase in particulate
fallout would result in a decline in property values of $29
per market transaction.

All the coefficients of the independent variables were
significantly different from zero, varying from 1 to 30 per-
cent in both models, except X, in Model 2R. In Model 2R,
X4 was not significant at all, and consequently was deleted
from this model. In Model 1 the air quality variable was
significantly different from zero at 10 percent; in Model 2R
it was significantly different from zero at 20 percent.

All the coefficients of the independent variables had the
expected positive or negative relationship with the depen-
dent variable, except X2 in Model 1. Statistically this was
explained by the manner in which the dependent variable
was expressed.

These models have general application in estimating
the marginal social costs or benefits resulting from changes
in air quality. Such costs (benefits) must be known if
economically efficient standards are to be met, or if charges
are levied to impose the costs of pollution upon the emitter.

Conclusions

The above study leads one to conclude that air pollu-
tion may exert significant influence upon property values.
Currently available research techniques do appear to hold
some promise in quantifying such effects. If the research
presented here could be repeated and substantiated in
additional studies, and if similar information could be
developed for different environmental and economic con-
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ditions, then an important input for efficient air quality
management would be provided. We have indicated earlier
the relationships between estimating the social costs (bene-
fits) of changes in environmental quality and the possi-
bility of approximating economically efficient air quality
standards. Similarly, research such as this may have im-
portant implications for decisions concerning regional
economic development, land use zoning, and industrial
location.

Recommendations

Our first recommendation concerns the placement of
sampling stations, in order that they might be more use-
fully employed in economic analysis. In order to estimate
the cost of air pollution via the method outlined in this
study, it is important, that an accurate estimate of air
quality be obtained. This has important implications for the
placing of air quality monitoring stations.

Generally, the locations of dustfall stations are deter-
mined by three kinds of considerations: source surveillance
or study, background sampling stations, and general area
monitoring. Some of the Toledo stations were initially
established because of complaints concerning a given
source of pollution. While each station in Toledo appeared
to have been placed for a specific purpose, no attention was
given to the possible coordinated use of all the stations
(including the privately maintained stations ). The number,
location, and distance between the stations should be a
function of the meteorological and economic conditions in
the sample area.

At least one meteorological station should be located
within the sample area to determine the variations in
weather over time. Meteorological conditions can greatly
influence the distribution of particulate fallout. This is
especially true with wind direction and speed. To the
extent that terrain or other conditions cause dustfall to be
unevenly distributed over the study area, more meteor-
ological and dustfall stations might have to be established
and suitably located to take this into account.

Decreases in property values for increases in air pollu-
tion are likely to be greater for higher-valued, more-de-
veloped properties than for less-developed, lower-valued
properties. From an economic standpoint, it would be
desirable to have a more accurate measure of air pollution
for the higher-valued properties than for the lower-valued
properties. Therefore, more stations, located closer to-
gether, should be placed in areas of higher property values
to obtain more accurate measurements of air quality. 24

The results of this study also suggest certain directions
which future research might profitably take in attempting
to understand the effects of pollution upon the value of the
land. These would include the development of models to
explain the effects of air pollution upon commercial, in-
dustrial, and agricultural lands.

Clearly, the type of model outlined here should be
pursued further. The cross-section study should be re-
peated and tested in other towns having characteristics
similar to Toledo. Until the model is re-tested, the accuracy
of the relationships hypothesized in the model will remain
uncertain.

The model proposed provides estimates of the social
benefits (costs) resulting from a unit decrease (increase)
in air pollution. This is only part of the picture. Future
research determining the marginal cost of bringing about
a unit reduction in air pollution would be beneficial.

As another area for fruitful social science research, we
suggest increased emphasis on experimentation with organ-
izational structures by which air quality might be managed.
The employment of different types of institutional devices
is likely to have different informational requirements. For
example, the use of air quality standards and their enforce-
ment differs from a system which would rely more heavily
upon voluntary response to economic incentives. Similarly,
the types of demands made of research resources in eco-
nomics, engineering, and the natural sciences would
depend upon the manner in which the responsibility for
air quality management is divided among local, state, and
national authorities.

" The above comments relate not only to dustfall, but also to
the measurement of other aspects of air quality.
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