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Abstract

The economic advantage of constructing and operating large-scale landfills over small-
scale landfills has been used to justify regional landfills as the solution to the municipal waste
management problem. However, the availability of sufficient landfill capacity will have
dampening effects on the social efforts to reduce waste and/or divert waste away from landfills,
especially when external costs of landfills are not appropriately reflected in the estimation of
total costs. In this study, the negative effects of a landfill that are capitalized in property values
of houses located in the proximity of two landfill sites (“Britannia” and “Keele” landfill sites
representing a small and a large landfill respectively) in the Greater Toronto Area are examined
in a single multiple regression equation. The results indicate that the large landfill has greater
adverse impacts than the small landfill on property values. This study suggests further analysis in

a model to which more independent variables that explain locational characteristics should be

added.
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Chapter 1. Introduction

An integrated waste management approach, an initiative to reduce reliance on landfills,
was initiated in Canada in the 1980s. The national objective was to achieve a 50% diversion of
waste from landfill by the year 2000 based on the “waste management hierarchy” (source
reduction; re-use; recycling; waste combustion; landfilling) (McDougall, 2001; Sawell,

| Hetherington and Chandler, 1996; Eighmy and Kosson, 1996).

Source reduction that requires waste minimization at the production level and a reduction
in the underlying demand for products was thought to be too demanding on society as a whole,
as pointed out by Price and Joseph (2000). They said, therefore, that very little consideration or

effort has been given to source reduction.

Recycling, including incineration in Canada, accounts for only 14.22% of all wastes
generated (Sakai et al., 1996). The development of a recycling market has shown a slow growth
pace despite the efforts by municipalities to increase the recycled portion of their waste because
the success of recycling depends heavily on three main factors: supply of raw materials, high
energy and capital costs of processing materials, and high environmental costs in materials
production and disposal (Chandler, 1983). Recycling programs are also influenced by landfill
capacity (Highfill and McAsey, 1997 & 2001). Bailey (cited by Highfill and McAsey, 1997, p.
118) said, “... curbside recycling doesn’t pay.... And it does so at a time when landfill space

turns out to be both plentiful and extremely cheap.”



Landfilling is still the dominant waste disposal method especially in North America, with
Canada burying 83.9% of all residential and ICI wastes in landfills, while other countries with
smaller land areas such as Denmark and Japan have greatly reduced their dependence on
landfilling to less than 20% of total wastes generated (Sakai et al., 1996). Landfill disposal is
warranted by the continued supply of landfill capacities, which have not reduced notwithstanding
that many small-sized, open-and-dump landfills have been closed (US EPA, n.d.). The closing of
small open-and-dump landfills has been characterized by the replacement of large-scale

engineered landfills designed on a regional scale.

Large-size regional landfills do not come without problems, although they help curb the
rising costs of engineered landfill disposal by achieving economies of scale. Not only are large-
scale landfills suspected of generating greater externalities (bad odour, litter, noise, more truck
traffic, and so on), but they are conducive to the generation of larger waste volumes than small-

scale landfills are.

This chapter will critically investigate the cost minimization advantage of large-scale
regional landfills considering the environmental costs that are usually not counted as a cost
component and provide an analysis of how large-scale regional landfills induce a larger quantity

of waste into landfills than small landfills do.



1.1 Large-Size Regional Landfills' and Cost Minimization

Construction of large-size regional landfills has been opted for over the past few decades
to deal with two challenges associated with provision of new landfill facilities. They include: (1)
the increasing difficulty in obtaining governmental approval and public acceptance for any new
disposal facilities (Bellingham, 1971), and (2) the increased cost pressure caused by stricter

landfill construction and operation regulations” (Dooley, Bangsund, Leistritz, and Fischer, 1993).

These two factors combined have pushed up the overall costs of landfill-disposal service.
The rising costs have pushed the waste industry to strive to reduce both competition and to
control the rising service production costs to a level as low as possible to remain competitive.
The ease of competition has been achieved through merging and acquiring small-size operations
and the increasing landfill disposal service costs have been curbed to a large extent by

constructing large-scale regional landfills.

Studies by Glebs (1988); Walsh (1990a & 1990b); Dooley et al. (1993); and Renkow and
Keeler (1996) that analyzed the landfill development costs and studied the least-cost landfill size
are reviewed in this section to provide a foundation for understanding the economic advantages
of large-size landfills. It is emphasized that there exists a point in the operating costs at which

diseconomies of scale appear and that the cost advantages of constructing large landfills are

"In this paper large-size landfill is interchangeably used with regional landfill. Due to a large waste stream from a
multiple of municipalities, regional landfills tend to be large in scale.
? Subtitle D in USA or Ontario Regulation 232/98 are those that enforce such requirements.



reversed when consideration is given to externalities and transportation costs. Inconsistencies

among the cost estimation results have also been found.

Glebs (1988) presented the historical landfill development costs (in 1986 dollars) per ton
that showed costs rose to U$18/ton in 1990 versus U$4/ton in 1975 for a 40-acre landfill with a
total capacity of 1 million tons of waste. The pressures for increasing costs, mainly caused by
stricter new regulations, have been mitigated by switching to large-scale landfills. According to
the survey results by the Ministry of Environment, Ontario (1993), the annualized cost per ton
fell from about C$33 per ton for landfills receiving 5,000 to 30,000 tons of waste a year to about
C3$9 per ton for facilities receiving over 1,000,000 tons of waste per annum. The values were in

1989 dollars.

Both Glebs (1988) and Walsh (1990a & 1990b) developed a cost model for given landfill
site conditions and estimated the total site development costs under the assumption that
construction was completed in one phase. The projected total development cost by Glebs (1988)
was U$16 million dollars for a 50-acre fill area landfill with a total receiving capacity of up to
1,425,000 tons for a 7.3-year site life, while Walsh (1990a & 1990b) estimated the development
cost was U$125 million dollars for an 80-acre area landfill with a total capacity of 6 million tons
for a 20 year life period. Because Walsh (1990a & 1990b) did not provide per-ton total costs, the
author calculated annualized per-ton total costs, applying a 7 percent interest rate per annum, for
t-he Walsh’s (large) landfill, which were U$24.28.% Glebs’ per-ton total costs were U$11.25.

Admitting that there was not sufficient information/data provided in the literature that could help

3 The life-time total costs of predevelopment, construction, and closure/post closure except operating costs were
annualized. The per ton operating costs were obtained simply by dividing the annual operation costs by the annual
waste quantity as the annual operating costs were simplified to remain constant over life years in the literature.



explain the difference’, it is obvious that the difference was great enough to raise a question

about large landfills being able to capture economies of scale at all times.

Dooley et al. (1993) and Renkow and Keeler (1996) addressed the specific task of
determining the landfill size that ensures the lowest development costs per ton. The high level of
investment associated with meeting construction and operation requirements has made small
landfills unable to compete against large landfills because large capacity landfills have cost
advantages over small capacity landfills due to the economies of scale in landfill development
and operation costs (Dooley et al., 1993). Both papers found that there exist economies of scale
over a certain range of landfill sizes, recognisiﬁg that consideration of externalities’ and
transportation costs would diminish the advantage of economies of scale in construction and

operation costs.

While Dooley et al. (1993) compared the projected annual costs for five different waste
streams (W) under a given operating life (T), 20 years, Renkow and Keeler (1996) attempted to
tind the optimal operating life (T) that minimizes annual costs subject to V (landfill size) = WT.
The studies broke down the costs into four main categories—predevelopment (or political costs),
construction, operation, and closure/post-closure costs, to estimate the total landfill development
cost. Each cost component addressed in these studies is reviewed to help understand how a cost

minimization model leads to choosing large size landfills with a long-term operating life.

* When the costs of each category are compared, the operating costs of large landfill (U$84 million dollars) were
much higher than that of small landfill (U$7 million dollars), which was out of proportion in terms of total capacity.

For further discussion about economic measurement of externalities, see “Externalities and Economic
Measurement” in Chapter 2.



Walsh (1990a & 1990b) found out that predevelopment activities such as site feasibility
analysis and environmental assessment would last five years® and that the failure rate appeared to
be higher than one-to-two (For each site that succeeds, two site applications fail’). The strategy
to open one big landfill with a longer operating life sounds much more sensible economically,
rather than attempting to open a few small ones, because predevelopment costs do not vary

greatly according to landfill size, rather they represent a fixed cost.

The estimation of operating costs was relatively easy as they were assumed to depend on
waste volume (W) only. They are largely concerned with daily activities such as compacting,
grading, applying daily cover, and so on. It can be maintained intuitively that operating costs per
ton go lower as more waste volumes are treated in one batch. Dooley et al. (1993) found out that
per-ton operating costs continued to fall from U$11.26, and U$5.92 to U$5.44 for landfills
accepting 20 tons per day (TPD), 250 TPD, and 400 TPD respectively.®. However, the operating
costs per ton were U$5.16 for a landfill of 750 TPD’ (Glebs, 1988) and U$13.355 fora 1,000
TPD landfill'® (Walsh, 1990a & 1990b). This indicates that diseconomies of scale can exist over
a certain waste volume. Because operating costs account for 50 to 70 percent of the total site
development costs (Glebs, 1988; Walsh, 1990a & 1990b), the identification of a waste quantity

over which diseconomies in operating costs occur is very important.

® Anderson et al. (2002, p.47) said that $25 to $100 million might be put at risk only to seek an operating permit that
could consume 10 years or more for completion.

7 The most recent example is the failure of the efforts made by the City of Toronto to site Kirkland Lake as a
replacement for Keele Valley landfill that is closing in the year 2002.

® The total capacity for each landfill size is 125,000 tons, 1,600,000 tons, and 2,500,000 tons respectively over 20-
year life year.

® The total capacity of it was 1,425,000 tons for 7.3-year life.

" The total capacity of it was 6,000,000 tons for 20-year life.



Construction costs of landfills are basically determined by two considerations—waste
quantity (W) and landfill life (T). As was indicated by Renkow and Keeler (1996), lower annual
waste streams into a landfill which thereby extend the life of a landfill were consistent with the
economies of scale in construction. The construction costs to build a landfill are an investment in
an asset, “the landfill,” which will be the most cost-effective if it can produce outputs over
“longer” life years. When the output level (the annual waste quantity, W) is determined at a point
where per-ton operating costs are minimal, the life of a landfill is chosen at a point where per-ton
construction costs from annualized construction costs are the lowest. The longer the life of
landfills, the lower the annualized construction costs. However, this is true only when “the
landfill” asset does not produce any external costs or incur maintenance costs during its life.
Renkow and Keeler (1996), considering these reversing factors, found out that the least-cost

landfill would have a 48 year life for a waste quantity of 100,000 tons per year.

The study by Dooley et al. (1993) that estimated construction costs for different sizes of
landfills with the same design conditions and years of life showed a continued decline in a per-
ton costs from U$13'" for a 20 TPD landfill and U$4.18 for a 250 TPD to U$3.9 for a 400 TPD
landfill. However, the construction costs in the studies by Glebs (1988) and Walsh (1990a &
1990b) did not show a consistent declining pattern as landfill size grew. That may be due to
differences in locations'”? and design assumptions. At any rate, it is worthwhile to note that the

estimate for construction costs by Glebs (1988) was U$411 per ton for a landfill with a total

"' These per ton construction costs were annualized from life-time construction costs at 7 percent.
12 Dooley et al. (1993) studied landfills in North Dakota, Walsh (1990a & 1990b) in the State of Michigan, and
Glebs (1988) in an upper Midwestern state.



capacity of 1.4 million tons while per ton construction costs for Walsh’s (1990a & 1990b)

estimation was translated to be U$812 for a landfill with a total capacity of 6 million tons.




1.2 Low-cost Large Landfills Are Not Without Problems.

Data reveal that the number of landfills has been reduced greatly, but the total disposal
capacity has not changed at all due to the provision of large size landfills. According to U.S.
EPA (n.d.), the number of landfills in the United States decreased—from 8,000 in 1988 to 1,967
in 2000". A report, “The Landfill Capacity in North America” produced by The National Solid
Waste Management Association (as cited by Gerrard, 1994), revealed that the number of MSW
landfills in USA declined from about 20,000 in the early 1970s to about 7,000 in 1991, but that
the 364 new landfills opened between 1986 and 1991 were very large in capacity. The U.S. EPA
(n.d.) reports that the capacity, however, has remained relatively constant because new landfills

are much larger than in the past'®.

Bob Rae said, “Creating landfills creates an incentive to use them” (Eyles, Boyce, and
Hibbert, 1992, p.51). In other words, supply creates demand. The availability of landfill capacity
in the USA has been a last-resort option for the Greater Toronto Area (GTA), which otherwise
would have devised other waste management programs in a more effective and prompt manner
amidst the repeated failures of siting new landfills. The Michigan landfill site has taken wastes

from the GTA for $40 per ton compared with $150 per tonne in Toronto (Eyles et al., 1992).

¥ Data presented by O’Leary and Walsh (2002) revealed that since 1989, the number of municipal solid waste
landfills in the United States has declined from 7,379 to 2,216 in 1999.

'“ Repa and Sheets (as cited by Gerrard, 1994) maintained that total landfill capacity in USA has actually increased.
According to O’Leary and Walsh (2002), since 1989, the average amount of waste received by a landfill has
increased from 92 tons per day to 300 tons per day (increased proportionally to the decrease in the number of
landfills), which clearly indicates that landfill size has grown and the quantity of landfilkdisposed waste has not
decreased.



It is, therefore, understood that an increase in the price of landfill-disposal services over
the past decades is basically not so much the result of a reduction in the amount of landfill
disposal services supplied as the result of operating cost increases and reduced competition. The
stable supply of landfill capacity raises the concern that the society will be placed under less
pressure to reduce wastes and/or divert wastes away from landfill-disposal. The stable landfill
capacity raises a greater concern when the waste generation rate slows down or decreases'™ The
landfill service price will go down as a result of excess supply. The problem associated with this

downward pressure on service price is that waste diversion efforts are dampened.

The social demand to reduce our reliance on landfill disposal is weakened by the
complacency of having large-size and long-term'® landfills that are believed to be the least-cost
solution. It is even so when a group of municipalities participating in a regional large-size
landfill construction agreement are bound to use the landfill as specified in the contract. Long-
term large landfills involve a sizeable investment amount. Landfill developers try to avoid |
investment-related risks by having municipalities sign up for a contract and securing a minimum
waste quantity over contracted years. Even pri\}ate owners or operators offer a specially arranged
landfill disposal price to municipalities in return for a minimum quantity of waste to be sent to
their landfills. Municipal solid waste landfills sometimes lobby businesses to induce waste

contributions from ICI sources to achieve economies of scale'’. There is no doubt that this type

"> There has been a noticeably small increase in the municipal solid waste generation by only 0.1 pound per person
per day from 4.5 pound/person/day to 4.6 pound/person/day in 1990°s, compared to 0.4 to 0.8 pound/person/day
increase every decade since 1960 (US EPA, n.d.).

'® Walsh (1990a & 1990b) made a remark that the majority of landfill applications for ultimate development
currently entail waste receipts over a 20-year time frame over which a landfill developer could recoup his costs for
new site development. Renkow and Keeler (1996) found that the least-cost landfill would have a 48-year life span
for an annual waste stream of 100,000 tons.

'7 A good example of this case is Essex-Windsor Regional landfill that is supposed to receive approximately
250,000 tons of waste annually both to raise the money for 3R programs and to keep disposal costs reasonale. The

10



of arrangement will impede the growth of political, social, and economic initiatives that are

required for waste reduction and/or diversion.

It is also legitimate to evaluate the economies of scale of large-size and long-term
landfills from the environmental and human health perspectives. Landfill disposal is in the least
preferred waste management option from a sustainability point of view. Renkow and Keeler
(1996) concluded, taking into account externality costs as a part of the total costs, that disposing
of larger volumes of waste reduces per-ton cost, but the cost advantages are exhausted at a
certain point because of increasing externality costs, political costs and the capital financing

costs.

I‘F is evident, from the literature reviewed above, that the average costs per ton of small-
size landfills are higher than those of large-size landfills and the magnitude of externalities'® in
small-size landfills is smaller than that in large-size landfills. The following two sections will
indicate graphically how the higher average costs per ton of small landfills and the greater

magnitude of externalities of large landfills affect the quantity of waste disposed of at landfills.

landfill has received waste from ICI sources as well. But since the export of ICI waste in the region has been taking
place, the waste volume being received has been reduced to approximately 130,000 tons annually. The region
amended the approval to expand the Service Area of the landfill to include other Ontario municipalities to make up
the short fall, thereby keeping the costs reasonable.

"¥ Externalities from large-size landfills are greater than those from small landfills because large-scale landfills are
associated with greater negative impacts from larger land area use and larger volumes of waste.

11



1.2.1 Large-size landfills slow down the incentives to abate landfill-disposed

waste

The information presented in the previous section demonstrates that rising disposal costs
(per ton) at small landfills have been replaced by relatively low costs (per ton) at large size
landfills'® and that the landfill capacity has not been reduced”’ as a result of a transition to large-

size landfills that municipalities have favoured to achieve the least-cost landfill operation.

The observation above is also closely related to two other phenomena in the municipal
solid waste management market. First, the price increase of landfill disposal is not directly or
completely transferred to waste generators. The current funding system for municipal solid waste
management is a flat fee charge system relying on a general tax (property tax). The least-cost
landfill must be the most preferred option to municipalities in that municipalities should bear
additional costs above the flat fee. Second, the change in the quantity of waste disposed of at
landfills in response to a disposal price increase depends as well to a great extent on the
availability of other waste disposal alternatives such as reduction and diversion, let alone the
price level of virgin materials. Although the recycling market plays a limited role in managing
municipal solid waste, recycling and landfill disposal markets are in a direct competitive
relationship. Therefore, the lower cost landfill disposal option will undermine the potential

growth of recycling market.

" Dooley et al. (1993), in an analysis that was limited to cost tradeoffs between disposal and transportation (other
landfill costs such as externalities, truck traffic, aesthetics, local opinion were ignored), found that if each county
was required to develop its own landfill facility, MSW disposal costs would be more than $50 per ton to comply
Subtitle D.

# Landfill disposal is still the predominant method of waste disposal that accounted for 97 percent of the total waste
managed in Ontario (Ontario, 1993) notwithstanding that landfill disposal costs have increased greatly in the past
two decades.
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Figure 1 and Figure 2 demonstrate how a large landfill can be conducive to the
generation of more waste discarded than a small landfill, from both supply and demand

perspectives.

Figure 1. Price Effect

MPCg
Price MPCs

/

Py - MPB (Marginal Private Benefits)

NN
N

Quantity of MSW
management service =
Quantity of waste
discarded

Figure 1 demonstrates the situation in which the lower marginal private costs of a large
landfill (MPC) impede the reduction in the quantity of waste discarded from Qy to Qs that could
be obtained from a small landfill. Suppose that MPCL represents the marginal private cost curve

of a large landfill and MPCg represents marginal private cost curve of a small landfill. MPCg will
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have a steeper slope than MPC, because the marginal private costs of small landfills are greater

than those of large landfills®'.

If the price increases from Py to Pg as a result of a change from a large landfill to a small
landfill, the demand for waste disposal service is reduced by as much as Q; Qs. This holds true
for a smaller landfill with a steeper slope, MPCs 1, which has a lower price elasticity than MPCs.
Waste generators who behave along the curve of MPCs 1 tend to be highly insensitive to price
changes and would rather try to lengthen the lifespan of the small landfill while staying at a high
price. The significant initial investments related to planning, political, and construction costs in
opening up a new landfill to replace the closing one may encourage longer use of current

landfills. This will result in further waste reduction and higher prices.

Because the externalities from disposed waste are not included in the marginal private
cost (MPC), the product of Qi Qs and the externality cost per ton of waste discarded represent
the “additional” welfare loss that results from a transition to a large landfill from a small landfill.

This is a “Price Effect.”

2! Marginal cost (MC) =8TC /8Q = (8FC + 8VC) / 3Q, where Q: output, TC: Total cost, FC: Fixed costs, VC:
Variable costs. Since 8FC / 6Q = 0, MC =8VC / 6Q. Dooley et al. (1993) revealed that the variable operating costs
of landfills varies inversely with size.
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Figure 2. Substitution Effect

Po MPCsg

Ps MPC,
Pg
: , : Quantity of MSW
0 management service =
Qe Qs QL Quantity of waste
discarded

Figure 2 shows the waste reduction that can be achieved by a “substitution effect” that
assumes waste generators’ rational behaviour. An additional decrease in the quantity of waste
discarded is expected if waste generators have correct and complete information about landfill
capacity and if they rationally respond to it. When there is no municipal solid waste (MSW)
disposal service provided, waste generators would be willingly pay as high price as possible (Po)
for the first service provided. As the quantity of MSW disposal service increases in the market,
users of the service want to pay less and less for an additional ton of waste disposed. If MPB_
represents the demand curve for a large landfill, the demand curve for small landfill capacities is
positioned in the left area of MPB,_because the demand curve elasticity under small landfill
capacities is much smaller than that under large landfill capacities. In other words, waste
generators realize that they have to respond as little as possible to the price change in order to
avoid incurring a prohibitively high price associated with constructing another small landfill. For

this reason, the demand curve for a small landfill is drawn as MPBs.
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Suppose that equilibrium is obtained at a price, OPE and at a quantity of service
provided, OQ;. When a large landfill (MPC, ) is replaced by a small landfill (MPCs), the waste
quantity discarded is reduced from OQ, to OQs. However, the final resultant reduction in the
quantity of waste can be greater than Q, Qs if consumers realize that they can not stay at the same
demand curve and react to reduced landfill capacities. Then MPB,_shifts to MPBg and quantity
of waste disposal will be reduced additionally by as much as QsQg, which is a result of the

“Substitution Effect.” So the total waste quantity reduced is equal to QeQy, which is greater than

QLQS.

1.2.2 Large-scale landfills and externalities

In the previous section, it was established that a regional approach was consistent with a
long-term and large-size landfill because it offers lower operating and construction costs in terms
of per-ton cost? than a short-term and small-size landfill. As analyzed in Figures 1 and 2, a
larger quantity of waste than would be expected to be disposed of in the small landfill situation is
discarded into a large landfill, which poses a net welfare loss to a society if the market price is
determined by marginal private costs instead of marginal social costs™. Jenkins (1993) said that
the welfare loss is eliminated when the quantity of waste disposed of is determined at a point

where marginal social benefit (MSB) is equal to marginal social cost (MSC).

* The cost advantages of large-scale regional landfills over small landfills are focused on cost factors such as
predevelopment costs, construction costs, operation costs, closure costs, and postclosure costs (Glebs, 1988; Walsh,
1990a & 1990b; Dooley et al, 1993).

= Marginal social cost (MSC) is a sum of marginal private costs (MPC) and marginal externalities costs (MEC).
When marginal private cost (MPC) that does not include the externality costs (assuming they are not decreasing) is
prevalent in the market, the externalities are paid by the society. The term, “price”, used in this paper, usually
indicates MPC unless otherwise stated. It is, therefore, assumed that the reduced quantity of waste discarded always
decreases the magnitude of social costs.
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Due to the enforcement of stringent regulations, externality costs have begun to be
included in marginal private costs to some extent: operating costs related to monitoring activities
including leakage and methane gas emission check-ups are incurred to reduce externality costs
that are associated with groundwater contamination and air pollution. An investment for liner
installation, as part of construction costs, is also made to prevent groundwater contamination.
Funds to meet post-closure costs are also raised during the lifetime of landfills, which will be

spent to reduce the possible externalities that may occur after landfills are closed.

Although those externality-reducing costs are eventually included in marginal private
costs, they hardly represent the total external cost because externalities cannot be removed or
eliminated by such preventive actions™’. Dooley et al (1993) made it clear that other landfill costs
(externalities, truck traffic, aesthetics, local opinion) were ignored in their analysis because they
were difficult to objectively quantify. Glebs (1988) added in his conclusion that the waste |
disposal costs could double if interest, insurance, contingencies, remediation, and profit were

included.

The externalities from large landfills are believed to be worse than those of small landfills
because of their bigger land areas (as a landfill) and larger volumes of waste being received. In
this section, the effects of externality costs to reduce the quantity of waste discarded and reverse

the cost advantages of large landfills are presented graphically in Figure 3, assuming that: 1) the

H More about the total external costs of landfills is discussed in section, “Total External Costs of Landfills and
Property Value Measurement” in Chapter 2.
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externality costs at large landfills are greater than those at small landfills; and 2) the externalities

positively increase as the waste quantity increases.

Figure 3. The Effect of Marginal Extanal Costs

Price MSCg = MPCg+ MECg

MPCg
MSCL = MPCL + MECL
MPC,
MEC,
t
MECs
0 Qss Qsp Qs Qup Quantity of MSW

management service =
Quantity of waste
discarded

As seen earlier, more waste is discarded at large landfills at the same price level because
MPC, are comparatively lower than MPCs. In a market where externality costs are not reflected
in the market price of waste disposal services, more waste in the amount of QspQyp is discarded

at large landfills than at small landfills.
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Increasing marginal external costs are represented by two lines: MEC| for a large landfill
and MECs for a small landfill. They are added vertically to MPCy and MPCs respectively to
draw marginal social costs, MSC; and MSCs. The gap in the quantity of waste discarded,
QspQLp, between a small and a large landfill with private costs will be reduced to Q_sQss, and
decreased by as much as [(Qrp - Qrs ) — (Qsp - Qss)] when externalities are appropriately
reflected in the marginal private prices. As MEC| becomes greater and/or MECs is smaller (the
difference in the magnitude of externalities between small and large landfill becomes greater),

the cost advantages of large landfills become less and less.
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1.3 Purpose

The objective of this paper is to identify the difference in the magnitude of externalities
between a small landfill (“Britannia Landfill”’) and a large landfill (“Keele Valley Landfill”) that

can diminish the economic advantages associated with large-scale regional landfills.

Externalities increase because large-size landfills tend to handle greater volumes of waste
over a longer period of time. A higher volume of trucks, a larger parcel of land used, and a
longer period of post-closure stabilization are consistent with greater negative impacts of
landfills on the natural environment and human health. The costs of such externalities are not
generally internalized by the total landfill management costs, which may make the economic

advantages of large landfills look even greater than they actually are.

Interest in small-sized landfills would logically increase from the perspective of diverting
and/or reducing municipal solid waste. Smaller landfills are more apt to reduce the quantity of
waste being disposed of at landfills through the “Price Effect”” and “Substitution Effect,””® as

reviewed. Therefore, if the policy goal lies in diverting and/or reducing landfill-disposed waste

quantities, smaller size landfills should be chosen over large size landfills.

** See Figure 1.
% See Figure 2.
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1.4 Research Method

The study compares the size of impacts on the residential property values of two landfills
(“Britannia Landfill,” hereinafter referred to as “Britannia,” and “Keele Valley Landfill,”
hereinafter referred to as “Keele”) that are different in landfill lot size and in waste volumes

handled per day.

Previous studies have found, using multiple regression models, that the externalities (or
disamenities) of the landfill are accounted for in the price of homes and the impacts of the

externalities dwindle as homes are located farther away from a landfill.

This study uses distance from the landfill as a proxy to measure the negative impacts of
the landfill on the values of surrounding properties, and employs a regression analysis model that
separates out the relationship between property values and the negative impacts of a landfill,
when all other things are held constant. The distance coefficients in the model between “Keele”
and “Britannia” are compared to identify the difference in the size of the negative impacts of the

landfill capitalized in the property values.
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Chapter 2. Review of Literature

This chapter consists of three main components. The first one will review the theoretical
background of property value impact studies. The conceptual model and empirical approaches
that have been used in property value studies, to establish that negative external impacts are
capitalized in property values (establishing an association between negative externalities and
. property values), are investigated. The second part discusses the limited ability of property value
impact studies in explaining the total external costs of a landfill. The total external costs are
hardly captured by the property value impact studies in their entirety. The coefficient for the
landfill externalities, estimated from the hedonic regression equation, should not be interpreted
as fully representing the total external costs of the landfill. The third section reviews the
problems associated with the specification of correct hedonic price equation. If the estimation of
prices for characteristics of houses is, to a large extent, dependent on the correct specification of
a hedonic function, the selection of housing characteristics that predominantly determines the
house prices in the market, and the choice of functional form of the equation (linear, quadratic,
interactive, and so on) that best explains the relationship between prices and the characteristics of
a house, is essential. The last component reviews the previous studies conducted to investigate
the adverse impacts of a landfill upon the adjacent residential area in terms of price effects
measured by the distance of houses from the landfill. The guidelines on how to select landfill

sites to be studied and study impact areas are of primary interest.
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2.1 Theory of Property Value Impact Studies

Residential property values are often used to indicate the magnitude of negative external
impacts”’ imposed by projects, such as waste disposal facilities (landfills, incinerators), nuclear
power plants, highways and airports, on neighbours living near those facilities. The basic
argument is that if people generally want to avoid the negative external impacts generated by
such facilities, the potential buyers or occupants would not prefer homes in the vicinity of those
facilities (and the current owners or occupants would try to move out of such areas) over
identical homes,”® except where there are no such negative external impact sources in the
neighbourhood. Even those buyers who have to choose the area near a landfill will want .to
purchase a house as far away as possible from the adverse source. Current dwellers in the area
who cannot bear the impacts and are willing to expend money and time to escape from the
source will put up their houses for sale to leave the area. In this way, the people’s reluctance to
live near a negative external source is capitalized in the market price of housing. The postulation
for a property value model is that if negative externalities exist in residential areas, housing

prices are under downward pressure, when other things are equal.

There have been two major approaches used to assess the impacts of negative facilities or
projects upon the residential property values in adjacent areas: “Simple Comparative Analysis”

and a “Hedonic Price Model.”

%7 The negative externalities are usually related with environmental and health impacts.

** This means that houses are exactly the same in terms of characteristics of the property structure (i.e., the number
of rooms, lot size, age, and so on) and characteristics of the location (i.e., proximity to parks, shopping centre, and
central business district, the quality of school, the presence of unwanted facilities, and so on).
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“Simple Comparative Analysis” directly compares the mean sales prices between the

2955 304y

“facility area” " and “control area.”” to show that a difference in housing value trends between
the two areas has existed. If the mean sales price is found to be lower in the facility area than in
the control area, that difference suggests the presence of negative impacts of the landfill, if
everything else is equal. The assumption in this approach is that the housing value trends in the
facility area would have developed in a similar fashion to the housing value trends in the control
area, if there had been no externality sources in the facility area. This approach employs “Time
Series Analysis” approach as it usually compares the property value trends over time periods,
“before” and “after” the negative facility opens. The research conducted by Research and
Planning Consultants, Inc. (1983), employing this approach, investigated the sanitary landfill
impacts on property values. Price (1988) reported a review of studies done about the impacts of
waste facilities on the residential property values in areas of West Palm Beach Area (Florida),
Westchester County (New York), and the City of Winnipeg (Manitoba). Only a few studies using

this approach have been found while the papers employing the “hedonic price approach” are

abundant.

The problem with the comparative analysis approach is that it is not practically easy to
find a control area that is the same as the facility area in terms of housing structure and location
conditions so that the control area can be considered a close comparator. If the control area fails
to simulate the facility area.in terms of characteristics affecting the property values, except the

presence of the landfill, the variations between the two areas in the housing values cannot be

interpreted as being attributable to the negative impacts of the landfill. The variations could have

* Tt is also referred as “study area,” indicating the single-home residential area near the landfills.
% This refers to an area that is very similar to facility area in terms of housing characteristics and other
neighbourhood characteristics. It must be located outside of any possible influence of the landfills.
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been caused by the differences of other factors affecting the housing values. It is, therefore,
important to select the control area that is identical or at least very similar to the facility area for
the results of this approach to be meaningtul. Another problem is that, as this method compares
the average housing prices between the two areas, the quantification of the negative external
impacts of the landfill on individual houses and an examination of the differences in the impact

levels over distances from the landfill is not possible®'.

The “Hedonic Price Model,” developed by Rosen (1974) based on Lancastrian’s new
consumer theory (1966), allowed the price of negative externalities, or disamenities that are
implicit in property values, to be estimated. The basic premise is that housing is not a
homogeneous good for which demand is largely determined by the level of price and income.
The house buyer tends to pay a higher price for the house located near his or her workplace than
for the identical house farther away. The house located near the workplace provides higher utility
in terms of commuting time and expenses. The three major questions households are faced with
when purchasing a house include, according to King (1976), the characteristics of the dwelling,

its location, and the price.

As such, demand for housing by consumers is determined by the composite attributes of
housing embodied in its property and location characteristics. As Rosen (1974) puts it, goods are
valued for their utility-bearing attributes or characteristics. Rosen (1974) combined a theoretical
analysis of the impact of negative externalities on property values with a hedonic price model in
;)vhich the hedonic or implicit prices of attributes of differentiated goods can be estimated by

regressing the explicit prices or observed prices of differentiated products on the specific values

*! The nuisance pollution from the landfill has been found diminishing with distance away from the source, the
landfill, by the research papers reviewed in the following section.
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of characteristics associated with them. The hedonic pricing model is based on the Lancastrian
view, developed in the new consumer theory (1966), which argues that it is the properties or
characteristics of the goods from which consumers derive utility, not the goods themselves. It
assumes that goods are inputs in a consumption activity and a collection of characteristics is
produced as outputs. The assumption that goods have multiple characteristics, that influence
consumer behaviour, enables us to explain and predict consumer reactions to variations in the

attributes of goods, which traditional theory was unable to explain®”.

Many property value studies have been conducted using the theory of hedonic price to
find the contribution of environmental amenities or disamenities to housing values. Empirical
applications of the hedonic pricing model include studies of the effect of air pollution on
property values by Ridker and Henning (1967), Harrison and Rubinfeld (1978), Nelson (1978),
and Graves, Murdoch, Thayer and Waldman (1988) and the effect of solid waste disposal sites
on property values by Havlicek, Richardson, and Davies (1985), Nelson, Gebereaux, and
Genereaux (1992), Hite, Chern, Hitzusen, and Randall (2001), and Gamble, Downing, Shortle,

and Epp (1982).

Estimating the prices of environmental attributes in a house service bundle is one of the
economic tools that is used to indirectly assess the external costs of environmental disamenities.
The underlying question with respect to these indirect assessment methods is whether they
capture the external costs less or more than they actually are. While it is recognized that the

actual external costs are also subject to a large number of variations depending on the probability

32 The weakness of traditional consumer theory, which implies utility is derived from goods and services purchased
in the market place, according to Becker and Michael (1973), is the extent to which it relies on differencesin tastes
to explain consumer behaviour where income and prices do not explain observed behaviour, when it can neither
explain how tastes are formed nor predict their effects.
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of occurrence (of externalities) and on the size of investments spent to avoid them, an attempt is
made in the following section to explore the extent to which the total external costs of the landfill

are explained by property value impact studies.
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2.2 Total External Costs of Landfills and Property Value Impact

A review of the two previous studies (Hwang and Rudzitis, 1977-1978; Renkow and
Keeler,1996), which estimated total external costs of landfills using the results of property value
studies, leads to the conclusion that the property value impact model captures only part of the
total external costs; it captures the costs of human risks only; it captures neither the costs of

system (capital and operating costs of landfill system) nor environmental risks™.

Hwang and Rudzitis (1977-78) estimated the external costs of landfills in the Chicago
Metropolitan Area by incorporating into their analysis the two regression coefficients for
prevailing downwind location and distance from a landfill site, that were produced by Havlicek,
Richardson, and Davies (1985). They assumed that the changes in property values could capture
all of the external costs produced by the landfill activity. However, the results of their study
showed small or even insignificant values, therefore, they were compelled to conclude that the
total social cost of landfills, defined as the sum of private and external costs, did not show a

significant variance from private costs.

Renkow and Keeler (1996)™ classified significant externalities of landfills into four
categories: 1) reduced property values, 2) groundwater contamination and aesthetic diminution
of the environment, 3) nuisances such as the noise, litter, and traffic congestion, and 4) negative

externalities after closure.

¥ Total external costs consist of system costs (of landfill, environmental costs and human costs.
** Renkow and Keeler viewed that the externalities vary depending on the annual volume of waste and the size of
the facility, for which the author extends a credit.
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The sources of externalities were extensively covered, however, the same assumption
made by Hwang and Rudzitis that all of the externalities could be captured by the impacts on
property values was also employed in estimating external costs. The authors devised a simple
linear function that was drawn from the study on property value impacts of landfills conducted
by Nelson et al. (1992)*° in order to select landfill sizes presenting minimum externality costs,
admitting that the specification of externality costs was more arbitrary than that of other cost

factors in their study, such as construction, operating and political costs.

The findings of the two papers above have led me to raise two questions: The first one is
the appropriateness of using the results of property value impact studies for the estimation of the
total external costs.>® The key concern is underestimation of the true total external costs. The
second question is whether state-of-the-art engiﬁeered landfills eliminate potential risks in the
future. If the investment to build the landfill system and expenses to operate the landfill system
do not produce perfect safety for the environment and human health, those landfill system costs

cannot be interpreted as the total external costs.

2.2.1 Human risks and Environmental risks

It is unclear whether all types of landfill externalities are perceived by the people and
reflected in property values. If not, the property value impact assessment underestimates the total

external costs or cannot be used as a tool to estimate the total external costs.

% Nelson et al. clearly defined externalities of landfills, for the purpose of their study, to the forms of nuisance such
as noise, flies and other insects, hours of operation, traffic, odours, debris, and appearance.
*The limitations and/or scope of the property value model will be covered later in this chapter.
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Different types of landfill externalities may require different approaches to estimate their
costs’’. Landfill externalities can be classified into two types of risks depending on whether they
are identifiable and measurable—Environmental Risks and Human Risks. The identification and
measurement of risks poses analytical problems because of their complexities and the difficulties
associated with their interaction and interconnectedness in time and space. To put it simply,
those risks that cannot be identified and measured now are still perceived by human beings as

risks being present.

Therefore the perception of risks is a good criterion to classify risks. Risks that are
perceived as high are classified as human risks. They are related to either human health issues or
nuisance issues. Environment risks are not perceived to be as high as human risks unless they are
revealed to be a form of human health risk. However, environmental risks can pose much greater
impacts than human risks on property values, once people perceive them. The news of
groundwater contamination by leachate from a landfill in a town where residents rely on
underground water for their drinking water will have a depressing effect on the real estate market

there.

Environmental risks include groundwater or surface water contamination, explosions and

fires, vegetation damage, air pollution, or global warming arising from landfill leachate and

gases. Human risks include those from increased traffic, noise, unpleasant odours™®, aesthetic

*7 Discussion of various economic valuation methods of the environment is beyond the scope of this study.
* Hirshfeld et al. (1992) classified odour as a “physical impacts,” but the author followed the observation in the
paper produced by El-Fadel et al (1997) which stated “Although many odorous trace compounds may be toxic, they
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degradation and limited land utility (Hirshfeld, Vesilind, and Pas, 1992; El-Fadel, Findikakis,
and Leckie, 1997)3 9. O0’Hare, Baron, and Sanderson (1984) and Zeiss (1984) noted the human
health effects and stigma effects attached to landfills. Health effects comprise all effects, risks
and uncertainties that may affect human health. The stigma effects relate to “unfair” losses

imposed on the host-community by the decreased prestige caused by the landfill.

Landfills located away from human habitation—or, away from urban centres—will be
more of a concern to the environment rather than to human health. Property value impacts may
not be observed in some landfills where no human settlements are established in their vicinity.
The question of how people perceive the environmental risks and how the perceived
environmental risks are revealed in the change of property values is not applicable in this case.

Different methods other than the use of a property value model must be considered.

Property value can begin to decline even when the siting process starts (at a time when a
landfill is not actually operating), or the actual groundwater contamination by the leachate from a
landfill may not be detected and thus not perce-ived as a potential risk to residents. Therefore, the
actual impacts from groundwater contamination may not be reflected in the property value until
the ground water contamination is reported and publicly known. The property value may not be
impacted at all when the groundwater is not a drinking water source for the residents in the

neighbourhood. Howard, Eyles, and Livingstone (1992) pointed out that groundwater was rarely

have historically been perceived more as an environmental nuisance than a direct heath hazard.” Please refer to
Young and Parker (1984) and Young and Heasman (1985) for original sources.

* Hirshfeld et al. (1992) termed these two types as “physical impacts™ and “social impacts.” The author replaces
them as “environment impacts” and “human impacts” respectively as were termed in the landfill classification
system designed by Ontario Ministry of The Environment (1991). The landfill inventory classified by the MOE will
be used as a primary source for selecting landfills for the empirical study of this paper.
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regarded as a priority issue by the GTA population as they relied on water from Lake Ontario for

potable use.

The methane gas emitted from landfills that contributes to the accumulation of
greenhouse gases has farther and wider effects than the property value impact study can cover.
The property value model usually focuses on the impacts on the residential houses adjacent to
landfills because the impacts generally dissipate and disappear with distance away from landfills.
Therefore, the property value model cannot capture the externalities occurring in other areas that

are not included in the study.

Therefore, it is reasonable to assume that property value studies capture the external costs
associated with human risks only. The actual damage that might have been done to the
environment, but not noticed or recognised, or that may happen in the future is not captured by

the property value impact studies.

2.2.2 Landfill system costs

Landfill owners or operators are forced to spend more money than before in designing,
construction, and operation of landfills to minimize the pollution risks by containing
contaminants such as leachate and gas within landfills, and by collecting emissions for further
trcatment. To the extent that the investments and expenditures made in conncction with the
enginecred landfill system diminish the environmental and human impacts, the human and
environmental costs will be decreased. Where this is so, the investments and expenditures spent

for the systems must be included in the calculation of the total external costs.
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Landfills continue to generate contaminants for many years even after closing. Ontario
Regulation 232 under the Environmental Protection Act requires the contaminant sources of
landfills to be managed and monitored even after landfills are closed, for up to 25 years after

closure.

Then the next question is the reliability of the system. Where the reliability of the system
is uncertain, the magnitude of environmental and human risks is not reduced inasmuch as the
amount of money invested and/or spent for the system. Even when an engineered landfill system
manages to safely prevent the contaminants from leaving the landfill boundary for good (after
closure), some additional expenditures that are associated with soil clean-up or land stabilization
may still be required to enable use of the site for any other uses. Limited land utility may persist
after closing. During its lifetime, a landfill system will continue to generate some negat.ive
impacts such as increased air pollution and noise from garbage trucks, regardless of the
performance of the landfill system.

Eyles, Boyce, and Hibbert (1992) said that significant deterioration in the performance of
an enginecred containment system can be revealed after 50 years since the life of the system is
estimated to be about 50 years. However, there is no actual experience of operating a system to
establish its reliability. Hirshfeld, Vesilind, and Pas (1992) provided many reasons from many

sources for the failure of a containment system.
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2.2.3 Summary
The discussions above are necessary and useful in better understanding the limitations of
the property value model in terms of estimating total external costs. The understanding of the
scope of damages that a landfill causes is related to what the property value impact study can

capture.

First, the human risks comprising nuisances and stigma effects are easily perceived by the
residents living near landfills. Therefore, people tend to reflect human risks in the housing price.
However, environmental risks have a tendency not to be perceived as high risks or tend to be
ignored until found to be hazardous to human health. In this way, the property value model is
likely to capture the externalities of the landfill partially because residents in the neighbourhood

are more sensitive to human risks than they are to environmental risks.

Second, containment landfill systems designed to collect and treat landfill leachate and
gases tend to contribute to a reduction in the environmental risks while contributing only slightly
to a decrease in the human risks. Therefore, the human risks of landfills are not supposed to be
significantly different in their sizes between containment and non-containment landfills except
the case wherein the latter is not covered daily. It would more likely be landfill size, and the
daily volume of waste disposed of in the landfill, that affect the human risks. In this regard, both

types of landfills can be treated equally by the property value model as human risks are not

significantly affected by the types of landfills.
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Third, landfills posing different levels or different kinds of risks to their neighbouring
environment are discouraged from being selected for the study. Suppose there are two landfills
and residents in the vicinity of one of the two depend on groundwater that i1s susceptible to
contamination by landfill leachate for drinking water, whereas residents in an area of the other
landfill rely on lake water (very far from the landfill site) for drinking. Those two landfill sites do
not make the best candidates for this study because they have risk environment differences that
are presumed to be significant enough to affect the real estate markets differently. In this case, it
may not be easy to isolate the effects of landfill size (or waste volume) for comparison between

two regions.

Fourth, the total external costs are composed of three primary components: the costs of
constructing and operating the engineered containment system (or system costs), the human
impact costs, and the environmental impact costs. The sum of human and environmental costs is
the “perceived cost (or external cost).” System costs are internalized costs. Therefore, it can be
said, generally, that perceived costs have an inverse relationship with system costs.*’ The
reliability of this inverse relationship depends on the reliability of the system. That is, when the
system fails to be trustworthy to the residents with respect to its preventive capacity®', the level
of perceived risks will tend to be greater. Therefore, the estimation of the total external costs
must consider system costs, and the costs of environmental risks and human risks at the same

time. But this 1s a very challenging task because of the difficulty in identifying and measuring

* Human risks are much less dependable on the system variable (i.e., the inverse relationship between human costs

and system costs 1s weaker than that between environment costs and system costs), but they are combined with
environmental risks for easy illustration.
*' It is assumed here that better performing landfill system is consistent with higher system costs.
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the environmental risks, bearing in mind that a property value study estimates human risks in an

accurate way.
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2.3 Measurement of Prices for Various Attributes of Housing Using a

Hedonic Price Model

Correct estimation of economic prices of housing characteristics depends on correct
specification of the price and characteristics relationship (Butler, 1982). There are numerous
studies that have dealt with, partially or exclusively, the correct specification of the price-
characteristic relationship (Butler, 1982; Kain and Quigley, 1970; Graves et al., 1988;
Straszheim, 1974; Cropper, Deck, and McConnell, 1988; Li and Brown, 1980). The empirical
studies, mentioned in previous section, that investigated the effects of air pollution and a landfill
on property values also paid a great deal of attention to the question of specification. The
purpose of this section is to establish the foundation on which the most appropriate specification

that best contributes to the goal of this study can be formulated.

2.3.1 Determination of Independent Variables

Specification involves determination of which explanatory variables to include and to
exclude in and from a regression equation and the functional form of the equation (Butler, 1982).
Exclusion of relevant variables leads to biased estimates of the true coefficients. Inclusion of the
irrelevant variables that are correlated with the included relevant variables is likely to reduce the

significance of estimated coefficients, leading to less precision in estimated coefficients
(Schroeder, Sjoquist, & Stephan, 1986). Therefore, the correlation among the independent

variables (called multicollinearity) needs attention when the study focuses on the explanatory
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power of the regression coefficients. The predictability of the regression model, usually defined

by the goodness-to-ﬁt42, is not much affected by the presence of multicollinearity.

The key variable in this study is the coefficient for distance away from the landfill. The
distance coefficients will be compared between small and large size landfills. Therefore, the
significance of the distance variable is critically important for the purpose this study, as
comparison of unstable coefficients are meaningless. When the standard error of the coefficient
is large®, the significance of the estimation of the coefficient is suspicious. Other things being
equal, an independent variable that is highly correlated with one or more other independent
variables will have a relatively large standard error. Ridker and Henning (1967)*, in estimating
the effect of variations in air pollution levels on property values, included more and wider
variables than were generally included in property value studies in order to avoid the situation in
which the primary variable, the impact of air pollution on property value, appeared to be

significant because some important correlated variables were left out of the equation.

Specification bias® due to the exclusion of relevant characteristics was tested by Butler
(1982). He tried to find the magnitude of the specification bias by comparing the restricted model

and the benchmark model. The former one employed only a few explanatory variables available

* Statistical results to indicate the goodness-to-fit are R? (the Coefficient of Determination) or R,” (Adjusted
Coefficient of Determination).

“ Multicollinearity is suspected if t-values for the coefficients are insignificant (while the model is useful) or
variation inflation factors(VIF) is greater than 10.

* To deal with multicollinearity, Ridker and Henning (1967) used stepwise procedure that observes the effect on the
partial regression coefficients of existing independent variables when new variables are added to the regression
equation.

* Specification bias is that the estimated coefficients of the included variables are influenced by the excluded
variables when the excluded variables do really constitute the factors of the true model (Butler, 1982).
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from SMSA-level census data™ (owner’s estimate of market value; Gross rent, number of rooms;
age of the structure; and the condition and plumbing facilities of the dwelling unit represented by
the dummy variable SNDNPL & POORCOND) whereas the latter one used a relatively
extensive set of housing characteristics from more than 100 characteristics identified from
surveys of approximately 1,500 individual households in the city of St. Louis. Those include
distance to the central business districts, lot size, density (estimated population per acre), county
(dummy variable), percentage of the structures on the same blockface (as the units that are in
deteriorated-obsolete-neglected-poor condition, a direct measurement of the structural
dimensions of neighbourhood quality), and Median arithmetic achievement test score for sixth-

grade students (a proxy for both school quality and the quality of public service).

The differences in the values of coefficients between the restricted specification and the
benchmark model were found to be negligible; leading to a conclusion that inclusion of all
relevant characteristics may not be economical, with a caveat that a fairly complete variable list
should be used in estimating non-structural characteristics (such as the effect of race on rents)
because they are more intercorrelated than structure attributes®’ and thus the specification biases
are very likely to occur. The presence of a difference in the collinearity between structural
attributes and neighbourhood attributes was confirmed by Atkinson and Crocker (1987). They
stated that the specification uncertainty caused by collinearity is small for structural attributes

(floor space, age, and lot size) but substantial for neighbourhood attributes (air pollution, school

quality, and crime).

“ The variable set lacks of representation of location, lot size, and neighbourhood quality.

7 Butler(1982) noted that structure coefficients are insensitive to specification changes.
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Graves et al. (1988) also conducted a study to examine the influence of alternative
variable selection upon the coefficients of key (or “focus”) variables™ in order to test the
robustness of the benchmark hedonic equation. The bias in the estimated coefficients of the focus
variables was identified by regressing housing price on the focus variables, the free variables®,
and every permutation of the doubtful variables’’—i.e. including/excluding the doubtful
variables in possible combinations. The focus was on the influence of “doubtful” variables such
as mean census tract income, crime rate, a school quality measure, and a set of county dummy
variables on the “focus” variables, recognising that the “free” variables, such as structural and
access variables, present less specification uncertainty than doubtful variables. The result was
that only the coefficients of visibility changed significantly, responding sensitively to the county
dummies. Exclusion of a relevant variable, in this case the county dummy, has biased the

economic price of the focus variable.

In addition to the exclusion/inclusion problems, the importance of adequate measurement
of housing attributes was noted by Kain and Quigley (1970). They suggested that the previous
property value studies were deficient because they used aggregate (published census tract) data’'
and the explanatory variables from the aggregate data did not correctly specify the model. An
attempt was made to correct the deficiencies by rigorously identifying 39 variables indicating the
physical or visual quality of the bundle of residential services from three separate surveys of

approximately 1,500 individual households in the city of St. Louis.

* Visibility and Total Suspended Particulate Concentrations were the focal variables in the study.

* Physical qualities are examples of free variables. They are highly contributory to house value.

** Doubtful variables such as neighbourhood income are uncertain in their economic relationship with house vahe.
*! Ridker and Henning (1967) used data aggregated across census tracts.
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The 39 variables were based on the judgment of the interviewers about the interior and
external quality of the house, plus the neighbourhood quality. The 39 variables were then
aggregated into five factors consolidated by factor analysis to provide more consistent and
meaningful quality measures. The five-factor aggregation of variables, explaining 60 percent of
the variance among the 39 original variables, included: (1) Basic Residential Quality (the overall
quality of the exterior physical environment such as structure, landscaping, cleanliness of the
parcel and block face, condition of the streets, walks and driveways). (2) Dwelling Unit Quality
(the interior of the dwelling unit), (3) Quality of Proximate Properties (the cleanliness,
landscaping, and condition of nearby properties), (4) Non-residential Use ( the effects of
commercial and industrial land uses in the immediate vicinity such as noise, smoke, and traffic),

and (5) Average Structure Quality on the block face

17 variables describing the overall quality of the exterior physical environment accounted
for 39 percent of the total variance, followed by 8 percent accounted for by dwelling unit quality.
The importance of housing quality variables that explained the majority of the total variance was
highlighted in this study. The multicollinearity problem in association with aggregating was
recognised by the authors, but a method how to deal with it was not given. This may be partly
the reason why structural conditions were found to be significant compared to non-structural
attributes. The inclusion of other types of variables might have reduced the significance of

quality variables.

41



Li and Brown (1980), pointed out that few studies have included location-specific
attributes of the micro-neighbourhood’*for housing in the specification of a hedonic pricing
function. They attempted to estimate the influence of these variables on housing values and to

investigate if exclusion of these factors biased the estimates of housing values.

1971 sales records of 781 single-family houses in 15 suburban towns in the Boston area
were obtained from multi-listing agencies. Attributes of a house were grouped into five: (1)
structural and site characteristics, (2) neighbourhood characteristics (such as neighbourhood
median income, residential density, the percentage of persons between 16 and 21 years old who
are high school dropouts, and air pollution levels), (3) local public services and costs (the quality
of a school system and property taxes), (4) macro-accessibility to CBD, and (5) micro-

neighbourhood characteristics (aesthetic characteristics, noise levels, and proximity)

A key test in this paper was an investigation of a trade-off effect between neighbourhood
attributes and micro-neighbourhood characteristics. In addition, an interaction between the
number of rooms and lot size was also examined. Three models were specified and run; model 1
used micro-neighbourhood characteristics and model 2 lacked micro-neighbourhood
characteristics, while model 3 was a modified specification of model 2 that replaced the number

of rooms and land area in model 2 with an interaction term of lot size and number of rooms.

>? Li and Brown (1980) classified the micro-neighbourhood attributes into three types: aesthetic attributes, pollution
levels and proximity. Proximity was classified into two other attributes: accessibility (proximity to a grocery store, a
park, a school, a river, or a conservation land) and proximity to external diseconomies (congestion, noise and air
pollution).
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The introduction of micro-neighbourhood characteristics did aftect the structural
attributes least, however, the coefficient of census tract median income (a proxy for the
neighbourhood) that was significant without micro-neighbourhood variables in the specification
turned out to be insignificant when they were included. The coefficient for median income was

reduced from U$605 in Mode 1 1 to U$180 in Model 2.

Interesting findings were made with respect to the micro-neighbourhood characteristics.
The authors split them into two subgroups: one With the benefits of accessibility only and the
other group with both the benefits of accessibility and the costs of extemality5 3 People attributed
a positive value to being close to the former group including the ocean, rivers, and express
interchanges. However, for the latter group (industry, commercial area and thruway), the net
effect of proximity (the sum of the benefit from being close and the externality of being close)
was not linear. The net effect for proximity to iﬁdustry showed a benefit up to about 550 meters
(housing prices increased up to 550 meters because the benefits of accessibility continued to
exceed the costs of externality). After that point housing prices began to decrease as the net
effect was regarded as negative. The net effect of the commercial area was a rather consistent
amenity over distance, so housing prices continued to drop as distance increased from
commercial centre. The positive net effect of proximity to thruways increased with distance after

showing a slight decline up to 300 meters.

There was a multicollinearity in which the value of lot size was not independent of the

number of rooms. There were no significant differences in sales prices among small houses (5

33 For example, housing prices increase with distance from industry because the external costs are reduced with
distance, but housing prices decrease with distance from industry because the accessibility benefits are reduced with
distance. However, the accessibility benefit at zero distance from industry was never positive.
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rooms) on small lots (1/4 acre), small houses on large lots (2 acres) and large houses (8+ rooms)
on small lots. There was only a $3,329 difference between an eight-room house and a five-room
house on a % lot size. The authors attributed this to “our inability to completely specity the

quality of houses.”

2.3.2 Functional Forms

There are many different functional model types such as linear, log-linear, semilog,
quadratic, translog, Box-Cox linear, and Box-Cox quadratic. It is, to a great extent, up to the
empirical test results to tell one from the other. As Butler (1982) and Cropper et al. (1988) put 1t,
little guidance is provided in hedonic theory with respect to formulating the hedonic equation
form. Papers that have dealt with the choice of a functional form are limited. The empirical
studies that have been reviewed, including those to be reviewed in the next section, have not

provided a basis for choosing the model to be employed.

Kain and Quigley (1970) estimated the implicit prices of the attributes of a housing
service bundle based on linear or semi-logarithmic models, after investigation of more complex

models involving quality-quantity interactions. But little analysis was done to compare them.

Butler (1982) suggested that functional forms that are approximate to the correct form
have been empirically found to be close substitutes, adding that there seemed to exist some sort
of interactive relationship among housing characteristics as they are clustered around over a
limited range. In the Li and Brown (1980) paper, the individual variables, lot size and number of

rooms, were replaced with the interaction term between lot size and number of rooms (in 11
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dummy variables based on three room-size and four lot-size categories). By doing this, the
interdependence of the two individual variables could be analyzed; large houses (with large a
number of rooms) on a large lot sell for much higher prices than small houses on large lot or
large houses on small lot.

The research paper by Cropper et al. (1988) seemed to be the one that most exclusively
addressed the question of choosing a hedonic functional form. The study compared, in a
simulation of a housing market equilibrium in which the marginal price paid for each attribute by
consumers is estimated, the marginal price attributes with the gradient of the hedonic price
function. The findings were that when all attributes are observed, linear and quadratic Box-Cox
forms provide the most accurate estimates of marginal attribute prices, but when certain variables
are not observed, a simple linear function consistently outperforms the quadratic Box-Cox

function.

More guidance for the choice of most appropriate functional forms is explored in the

following section.
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2.4 Empirical Studies of Landfill Impacts

The impacts of the presence of a landfill on adjacent residential areas usually come in
two forms: the impacts on property values and n development in the neighbouring area™ Two
methods®” to estimate the impacts were used by the studies reviewed; “simple comparative
analysis,” and “hedonic pricing model.”>® This section focuses on the studies that investigated

the landfill impacts on property values using a hedonic model.

Research and Planning Consultants, Inc. (1983) and Price (1988) employed “simple
comparative analysis” in their research. Research and Planning Consultants, Inc. (1983)
conducted four case studies to assess the effects of the landfill to be constructed on the property
values of adjacent neighbourhoods. Average property values were compared between each
facility area and an each control area for five years before and for five years after the initial
development of the landfill. In addition, the study also focused on the change in patterns of
development since the landfill was opened. The results were that no changes in either nominal

value or in the direction or rate of change in property value in facility areas were found.

Price (1988) reviewed the studies in the areas of West Palm Beach Area (Florida),
Westchester County (New York), and the City of Winnipeg (Manitoba). Those studies also

employed the simple comparative analysis approach. The studies compared the difference in the

appreciation rates between residential neighbourhoods within close proximity to the landfill and

* Gamble and Downing (1982) examined the two effects of sanitary landfills.

> The details of the two approaches and comparisons were made in the section, “Theory of Property Value Impact
Studies,” of this chapter.

%% For a comparison, see page 23 — 27.
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those located some distance away. The conclusion was that there was no significant difference in
the appreciation rates, meaning that landfill proximity had no negative effects on the property
values. However, there was one interesting finding in the Florida case. The higher priced
properties experienced a lower rate of increase if located within about 2 km from an active

landfill than the low to mid-priced homes.

Studies that employed a hedonic pricing approach to analyse the implicit price of the
impacts of the landfill on property values include Havlicek et al. (1985), Gamble et al. (1982),

Nelson et al. (1992), and Hite et al. (2001). All used hedonic regression methods.

The first attempt to measure external effects of solid waste disposal sites on residential
property values in proximity was made by Havlicek et al. in 1971.%" The key hypothesis was that
the properties would be more adversely affected by the negative effects of the landfill as they
were located closer to the landfill and in prevailing downwind areas of the site. A simple linear
regression model was hypothesized to estimate the prices of key variables, the distance of
property from the nearest landfill and the absolute angle in degrees that identifies a property in

the prevailing downwind area of the site.

The sample included was 182 single house sales between 1962 and 1980 in each of five
disposal sites in the Fort Wayne area. Eight other variables relevant to physical attributes of
properties were obtained from the Multiple Listing Service. Zero-one variables were used to

represent the differences among landfills. Two more variables (“distance to the nearest industry”

*7 Their research done in 1971 under title, “Measuring the Impacts of Solid Waste Disposal Site Location on
Property Values,” was unpublished. However, the summary of it was printed indmerican Journal of Agricultural
Economics, 53, p. 8§69 in 1971. The information cited in this paper for their work is based on the book as referenced.
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and “distance to the nearest shopping mall”) were added to the conventional model separately.
Three models (the conventional model, the conventional model plus “distance to the nearest

industry,” and the conventional model plus “distance to the nearest shopping mall’) were run.

The coefficients for the two key variables were found to be positive: the value of a
residential property increased by U$0.61 per foot of distance away from the site and by U$10.30
per degree of angle from the downwind area of the site. The coefficients for distance to industry
and shopping mall were estimated as negative, indicating that the proximity of a residential

property to industry and shopping mall was regarded as an amenity.

Model 2 and Model 3 produced substantial changes in the coefficients of zero-one
variables while the coefficients of physical attributes remained unaffected. Therefore, the authors
pointed out the need for further research on the disaggregation of neighbourhood attributes,
which is consistent with the findings from the reviews of literatures on the general determinants
of housing values™®. The authors also stressed that the difference in the quality of operation of the
disposal sites would result in a significantly different estimation result. However, this would not

bear much significance on the current sanitary landfill system.

There were two problems found here. First, there was no boundary limit given for which
coefficients of the two key variables were valid, as pointed out by Hwang and Rudzitis (1978).
Based on the diffusion effect of the externalities with distance, it should be reasonable to assume

that the negative effects of externalities stop influencing property values beyond a certain

** Straszheim (1974) emphasized that neighbourhood (or “submarket”) differences must be incorporated in the
equation to reduce some of the “across-submarket” variation in prices.
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distance. Second, the number of observations, 182 sales records, was too small compared to
other studies that followed. The hedonic price model 1s a statistical framework in which the
observed prices of houses are regressed to find the implicit prices for housing and location
services. The amount paid, as measured by the regression function for a certain attribute, may not
be equal to what the buyer wanted to pay for that particular attribute. Therefore, it is a reasonable
assumption that the estimation might be more accurate statistically when there are more observed
cases, on condition that that there is no wide and deep variance in the choice of housing each

individual makes®’.

The problem of not having enough observations in a regression model was clearly
emphasized by Gamble et al. (1982), who examined the two effects of the landfill: the change in
the amount or rate of residential development, and the change in property values. The effect on
property values was analyzed by two methods: the s.imple comparison between impact areas and

control areas, and the hedonic price function.

The sample for simple comparison included all valid sales of single family houses within
the impact zones and control areas between 1977 and 1981 at 10 sanitary landfills in
Pennsylvania. The mean sales values, after adjustments for inflationary effects using quarterly
price deflators, were grouped into large and small landfills.®® Property values near the landfills
(in the impact zones) were not lower than in the control areas regardless of whether they were
near large or small landfills. However, it was indicated that the rate of new residential

construction and the number of sales of houses within one-half mile of the landfills were

% Suppose there are two identical houses in a location with the same neighbourhood environment. House A with
five rooms must not be extraordinarily higher in price than house B with four rooms.

% This research paper was the only empirical study, among reviewed, that tried comparing the impacts of the landfill
between large and small landfills. Large landfill meant sites receiving more than 300 tons of waste per day.
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substantially less in those areas with landfills handling waste in excess of 500 tons daily

compared to the rates for landfills handling 300 tons or less per day.

The hedonic model used a linear regression function. The key variable of interest was
“distance to the landfill” whose coefficient was hypothesized to be positive. The regression
model was run for only one site, the Boyertown (Montgomery County) area, for two reasons®'.

. The equation was estimated for three years, 1977, 1978, and 1979. The coefficients for 1977 and
1979 were not significant, suggesting that property values were not noticeably affected by the
landfill. Only the 1978 result for “the distance to the landfill” was significant. In addition, in

1979 a negative relationship was observed between property values and distance to the landfill.

Although the results showed that the landfill had no significant negative impacts on
property values, the authors concluded that they could not determine the relationship between
property values and distance to landfill based on the Montgomery County study, suggesting that

the small number of available observations caused the unavoidable problem of misspecification.

Nelson et al. (1992) conducted the most comprehensive study on price impacts of landfill
distance on 708 single-family houses located within 2 miles of the landfill*? in Ramsey,

Minnesota, sold during the 1980s.

An ordinary least squares regression was used. Twelve independent variables® were

considered. Nelson found that there was little price effect on property values beyond 2 miles

%' The first reason was that no specification could handle the market variations across ten sites simultaneously,
implying that functions should be estimated separately for each area. The second reason was that Montgomery
County area had the largest number of observations among the ten sites—137 sales.

%2 It receives up to and sometimes more than 500 tons of waste per day.

% They were age, number of bedrooms, number of bathrooms, distance of the centre of property to the nearest
interchange with Interstate, the square feet of the house foundation, number of fireplaces, lot sizes, year of
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away from the landfill. The coefticient for the distance of property to the landfill was almost
U$5,000, indicating that the house price increases by U$5,000 for each mile away from the

landfill®*.

There are two fundamental problems with this study. The observed data were collected in
the years 1979 through 1989. Housing prices must have been affected by the changes in other
price levels. To isolate the changes in the housing prices caused by the supply and demand of
housing in the market, the observed prices should have been adjusted by a deflation factor. The
second problem is that no neighbourhood variables but “distance to the landfill” and “trees” were
considered in the model. It is possible that exclusion of relevant neighbourhood variables led to
biased estimates of the true coefficients of the key variable. Inclusion of more neighbourhood-
related variables could have yielded different results. The third one is that the coefficient of
determination (R”) in this study was only 57 percent, meaning that 57 percent of the variation in
housing prices was explained by the model, compared to about 77 percent in Model 1 from the
work of Havlicek et al. (1985)® and 72 percent in the study of Gamble et al. (1982). Though no
guidelines have been found in the literature with respect to the optimum R” level, a lower R?
level suggests that additional independent variables be included in the model to increase its

explanatory ability.

Hite et al. (2001) estimated the impact of four landfills®® in Franklin County, Ohio on

housing prices within 3.25 miles. The data set included sales of 2,913 single-family homes and

transaction, two full floors, three or more full floors, tree cover status, and distance of the centre of property to the
centre of the landfill to the nearest one-twentieth of a mile.

% On a percentage basis, house price rises 6.2 percent per mile away from the landfill.

% In Havlicek et al. (1985), both “distance to industry” and “distance to shopping mall” were included. In Gamble
et al. (1982), “distance to employer * was considered as a neighbourhood attribute.

% They are two sanitary landfills in operation and two demolition landfills closed already at the time of study.
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condominiums in 1990. A mixed log-linear specification, incorporated with a certain degree of

market segmentation, was used in the analysis to capture the effects of distance to a landfill.

What made this distinguishable from other studies was the consideration of housing
market segmentation and inclusion of a property tax component. The four landfills are located in
distinctly different areas. Therefore, parks that might be viewed as disamenities in one area may
be amenities in other areas. This was confirmed by the results of the estimated coefficients of the
variables. The implicit prices for the same characteristics were observed to be different according
to location. However, as it was believed that Franklin County represented a single employment
market, a dummy variable representing each landfill was applied only to a selected set of

variables including all of the structural attributes.

If the willingness-to-pay for local public services is well measured by the levels of
property tax, combining this factor into an equation is appropriate. It is particularly so when

considering that property values are generally based on physical aspects of a house.

Contrary to the previous studies, this study included many neighbourhood attributes
including proximity to the airport and to railroads, freeways, parks, and country clubs, crime
rate, and competitiveness of local school districts in addition to distance to the CBD, the landfills
and a trash-burning power plant. The difficulty to measure distances to airport, railroads, and
freeways was overcome by .giving dummy variables to properties falling within a certain

. 67
mileage”’.

% Houses within 1.5 km from the airport were assigned a dummy variable and within one-half mile of railways and

freeways were assign a dummy variable.
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The findings suggested that both open and closed landfills negatively affected property
values located in proximity to the landfills and property taxes were relatively less sensitive to the
presence of landfills than were property values. However, the negatively impacted house prices

would in the long run undermine the tax base.

2.4.1 Problems or Constraints

It has been found that there are problems and/or constraints in empirical studies that used

have hedonic regression models as below:

First, there must be sufficient number of observations for the model to be more predictive
and/or explanatory; in a non-experimental environment, it is practically impossible to increase
the number of observations. Adding new observation data that may contribute to the explanation
of the model is difficult due to time, cost and data constraints. Therefore, resolving biased

regression coefficients or high multicollinearity is very challenging.

Second, a large urban area may comprise “sub-markets” for housing. It is not easy to
separate the urban area into distinct “sub-markets” and thus it becomes even more difficult to
create a viable specification model for an urban area. Therefore, the regression estimators

represent no more than an approximate estimation of the true prices for each individual housing

attribute.

Third, the independent variables are not really independent, but are correlated. As

reviewed, the neighbourhood attributes are more likely to correlate with each other. The presence
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of multicollinearity among the variables causes the interpretation of the estimation results to be
ambiguous (Chatterjee & Price, 1991, p.173). The problem is that there are few effective ways to

deal with multicollinearity.
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2.5 Summary

Butler (1982) concluded that estimating the implicit prices of housing characteristics
must be “approximate” or “deficient” because of the complex relationships among housing
characteristics. Maler (1977, p.355 & 368) said, “The problem of solving the critical problems of
specification of both the regression and the database are far from being solved. ...it is not even

possible to determine the direction of the bias sign of the regression coefficients.”

However, the outstanding advantage of a hedonic price model that enables researchers to
estimate the implicit prices for attributes in the bundle of housing services has made it the most

extensively used econometric tool in empirical property value studies.

The studies of landfill impacts on property values generally recognise, by isolating the
capitalized amount of negative landfill impacts upon property values over distance, that landfills
impose adverse externalities on the neighbourhoods and the impacts dwindle as the

neighbourhoods are located farther away from the landfills.

Findings that are largely relevant to the specification of the regression model are

summarized here.
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2.5.1 Variables

Dependent variables were obtained through two different sources: sales records and
census data. Li and Brown (1980) and Graves et al. (1988) used actual sales records from
multiple-listing services. Ridker and Henning (1967), Kain and Quigley (1970), and Butler

(1982) employed median census data based on owners’ estimates®.

The accuracy of estimates by owners is suspected, but that does not mean that the actual
sale prices are correct because they usually fail to reflect the true willingness-to-pay by buyers
and willingness-to-accept by sellers® (Freeman, 1993) due to a lack of information with respect
to variables. However, there is no better information for an independent variable than actual sales

prices in terms of representing market equilibrium.

The independent variables that were employed in the literature reviewed can be grouped
into two classifications: physical and neighbourhood characteristics. Sources for these two
characteristics are usually different because physical attributes are part of the individual nature of
each house and are available from markets, however, neighbourhood attributes are not always
available from markets.”® They are usually calculated by census tract in median or mean values.
A census tract is assumed to be a homogeneous neighbourhood in terms of the socio-economic

conditions.

 Kish and Lansing (as cited in Ridker and Henning, 1967) claimed, however, that the response errors became
smaller for averages based on their study result that showed the difference between the means of appraisers’ and
owners’ estimates for 568 homes was only U$360.

% In this case the housing market is not in an equilibrium so estimated implicit prices do not reflect the true values
of housing attributes.

7 Income and distance to work must be obtained directly from the owners or occupants. Graves et al. (1988) utilized
information from 1980 census for neighbourhood attributes.
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Physical (also referred to as “structural,” or “house,”) attributes usually include features
relevant to the size and quality conditions of housing such as number of rooms, number of
bathrooms, number of garage spaces, age, and the like. The literature revealed that physical
attributes had more direct and explicit qualities than neighbourhood attributes to the utility of
housing consumers, so their coefficients were rather consistent and were least affected by the

reformation of equation.

Neighbourhood qualities that involve both location and environmental qualities are
relatively broad in their scope because they are basically associated with social (crime rate,
school quality, distance to park, and so on) or economic (distance to central business district,

distance to work, lot size, population density, and so on) aspects.

Location-specific amenities/disamenitieé felt by the residents in a neighb_ourhood are
capitalized in housing value. Houses located near the CBD earn higher rent incomes for the
owner. Being closer to work brings down the costs associated with commuting to work.
However, being too close to CBD may cost the owner or occupant the benefit of living in a
larger house space in a suburban area. The presence of an obvious source of disamenities like a
landfill establishes only a negative relationship with sales prices. But many of the location-
specific attributes such as the presence of industries and commercial centres have both positive

and negative effects on house prices simultaneously. Li and Brown (1980) provided a detailed

analysis of these effects.
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2.5.2 The house and neighbourhood characteristics

Specification issues involve not only inclusion/exclusion of variables but the
multicollinear nature of variables, particularly between house and neighbourhood attributes.

They appear different, but are statistically inter-correlated.

The structural variables are less intercorrelated with each other and more consistently
explain the hedonic regression equation than neighbourhood variables. If prices for
neighbourhood characteristics are to be measured, a very complete list of neighbourhood
variables must be used to prevent excluded variables from affecting the estimation of included

variables (Butler, 1982; Atkinson & Crocker, 1987).

The complexities of measuring socio-economic conditions in a neighbourhood were
addressed by using census tract median incomes (Ridker and Henning, 1967) as a proxy. This
involves the problem of aggregating the characteristics of an individual household (individual
income) into a neighbourhood attribute. The assumption that high income people possess a
greater ability to escape from the sources of externalities and higher willingness to pay for
property with a low level of externalities (higher income, higher prices of housing) seems
plausible. However, the effectiveness of an income variable as a proxy for neighbourhood
attributes is doubtful. The Li and Brown (1980), and Ridker and Henning (1967) studies showed
that the significance of median income proxy changed when the equation was appropriately

specified.
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Lot size was also used as a proxy to represent neighbourhood quality because larger lot
sizes provide higher aesthetic value to the neighbourhood than small lot sizes. The interaction
effect between living space area and lot size, and between the number of rooms and lot size were
analyzed by Schmalensee, Ramanathan, Ramm, and Smallwood (1975) and Li and Brown
(1980) respectively. A complete separation of the effects between these two variables was not

feasible, as long as the data showed that larger lot sizes had larger houses and more rooms.
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Chapter 3. Method

The key interest of this study is in comparing the size of the negative landfill impacts
upon house prices between two landfill sites—small and large landfills. The theory is that house
is a composite product with many different attributes for which market prices are not established.
Consumers of houses obtain utility from each individual characteristic of a house, but they are
not asked to pay prices for each of them. One component of the housing service bundle is
environmental amenity or disamenity. The presence of a landfill is considered as a disamenity to
its neighbouring residents. As the environmental attributes are determined by the location of the

house, they are called neighbourhood characteristics.

A regression equation in which the sales prices of houses are regressed on the bundle of
housing characteristics including neighbourhood characteristics is used to isolate the implicit

price of the landfill disamenity capitalized in housing price.

The environmental disamenity of the landfill for neighbourhood residents is thought to
dissipate as their house is located farther away from the landfill. Therefore, “distance from the
landfill” of a house is used as a proxy variable in the regression equation to represent the

people’s willingness to pay more for being away from the landfill.
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3.1 Selection of Study Areas

The uncompromising condition—the existence of residential development in the vicinity
of landfills—for landfills to be appropriate candidates for this study has not left many landfills
for consideration in southern Ontario area. Two landfills located in the Greater Toronto Area
(GTA) have been selected for the study: “Britannia Landfill” (in the City of Mississauga,
hereinafter referred to as “Britannia™) and “Keele Valley Landfill” (in the community of Maple

in the City of Vaughan, hereinafter referred to as “Keele”).

Figure 4 shows where "Britannia" and “Keele Valley” landfills are located. “Britannia,”
which is about 25 km west of Toronto's downtown, is located at 5700 Terry Fox Way, south of
Britannia Road in the City of Mississauga. "Keele," which is about also 25 km north of Toronto's
downtown, is located at the intersection of Dufferin St. and Major Mackenzie Dr. in the
community of Maple in the City of Vaughan—west of Dufferin St. and north of Major

Mackenzie Dr.
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Figure 4. Location of Landfill Sites
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Figure 5. Britannia Landfill
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Figure 6. Keele Valley Landfill
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Figure 5 shows the study area of Britannia landfill. The houses symbolized by a star (* in
red) indicate the houses sold during the study period. The property of Britannia is 83 hectares
(206 acres) in size. It opened in 1978 and received about 4 million tons of waste before closing.
In 1998, approximately 200,000 tons of municipal waste was disposed of at this site. It was
closed in 2001. The housing sales records for the “Britannia” site have been taken from two
Residential Districts: Hurontario and East Credit. The Secondary Plan for both districts was
created in 1981 to meet the expanding pressure of the City Centre. The population of
Mississauga was about 612,000 in 2001 which was an increase by 12.6 percent compared to

1996, according to the 2001 Census Report.

Figure 6 shows the study area of Keele Valley landfill. The houses symbolized by a star
(* in red) indicate the houses sold during the study period. The property of Keele is about 376
hectares (929 acres) in size. It opened in the year 1983 and received more than 26 million tonnes
as of Nov. 2001 (1,500,000 tons every year in recent years). It closed on Dec. 31, 2002. The
residential district from which the housing sales were obtained for “Keele” site has a very similar
development history as the “Britannia” area. The population in the City of Vaughan is about
182,000 in 2001 which has increased by 37 percent compared to 1996, according to Canada’s

2001 Census Report.

Both cities are part of Greater Toronto Area (GTA) that is the most rapidly growing
region in Canada in terms of population and economic performance. The cities of Mississauga
and Vaughan have seen a rapid expansion in the past two decades in line with GTA growth. The

houses selected for the study are distant from central business centre in Metro Toronto, ranging
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from 23 km to 28 km. Though this is far exceeding the median commuting distance in Toronto

area, it is still within commuting distance from the business centre in Toronto.

There is a remarkable difference in the pattern of residential development between the
two regions. As can be seen from the number of housing sales that were obtained in a 3-km
boundary from the edges of the landfills (1139 from “Britannia”, and 339 from “Keele”), the
residential development in “Britannia” area has been much denser than “Keele.” It can be
presumed that housing development near “Keele” has been more deterred by the presence of an

intimidating-looking large landfill.

66



3.2 Statement of Hypothesis

Residential property values are adversely affected by the presence of a landfill. However,
the negative impacts of a landfill tend to decrease with distance from the landfill. So it is
hypothesized that property values will increase, all other things held constant, as the properties
are located farther from the landfill. There is a positive relationship between property value and
the distance variable. Therefore, the partial regression coefficient of the distance variable in a

regression model must be positive.

It is an unrealistic assumption, however, that the property value-distance relationship
should remain unchanged for different landfill sizes or for different waste volumes being
handlied. It is, therefore, hypothesized that properties located near a large landfill (“Keele”) site
gain a higher premium on their values than the properties in a small landfill (“Britannia”) do as

they are removed away from the landfill.

The influence of landfill size on the property value-distance relationship can be captured
by a dummy variable interactive model using a single-equation model. In this model, a dummy
variables for LOCATION (dichotomous, 0 or 1) are included as independent variables; zero (0)
represents “Britannia” landfill area, and one (1) represents “Keele” area. When LOCATION 1s
assigned zero (0) dummy variable (in case of “Britannia” landfill), zero values are assigned to
DIST-LF variable for “Keele” observations. In the same manner, when LOCATION is assigned

one (1) dummy variable (in case of “Keele” landfill), zero values are assigned to DIST-LF
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variable for “Britannia” observations. In this way, the two estimations are permitted to be

different on neighbourhood variables.

Dummy interactive terms are applied to all neighbourhood independent variables (lot size
and other distance variables) as they appear to be distinctly different depending on location. For
example, the average lot size of houses in Keele Valley landfill area is about 800 square feet
larger than that of Britannia landfill area. Accessibility to highway in both study areas is different

S0 as to create price discrepancy in housing market.

The dummy interactive term for DIST-LF is exemplified as below:
Y =B + Bi (LOCATION-DUMMY VARIABLE) + 3, (DISTANCE FROM LANDFILL-

“Britannia”) + B3 (DISTANCE FROM LANDFILL-“Keele”) + €.

However, the physical properties of a house are pooled for observations of both
locations’! so that the two estimations are constrained to have the same coefficients on those

independent variables.

Therefore, the estimation equation for “Britannia” observations becomes as following:
Y = Bo + B1 (#ROOM) + B, (#PCS-BATHRM) + B; (#GARAGE) + B4 (BSMTP) + Bs (BSMTF) +
Bs (CAC) + B7 (FIREPLACE) + Bs (GARAGE TYPE) + B9 (STYLE1) + B1o (STYLE2) + By,
(HOUSE TYPE) + 812 (RERUN) + B4 (LOTSIZE-“Britannia”) + 3¢ (DIST-LF-“Britannia™) +

Bis (DIST-HWY-“Britannia”) + [, (DIST-CBD-“Britannia”) + «.

" Read page 71 for explanations.
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The estimation equation for “Keele” observations is as following:
Y = Bo + B1 (#HROOM) + B, (#PCS-BATHRM) + B3 (#GARAGE) + B4 (BSMTP) + s (BSMTF) +
Be (CAC) + B7 (FIREPLACE) + Bs (GARAGE TYPE) + B¢ (STYLE1) + B1o (STYLE2) + B/
(HOUSE TYPE) + B (RERUN) + B3 (LOCATION) + B,5 (LOTSIZE-“Keele”) + B (DIST-

LF-“Keele”) + B1o (DIST-HWY-“Keele™) + By (DIST-CBD-“Keele”) + ¢.

The null hypotheses to be tested for the relationship between DIST-LF variable and
property value being positively linear for both observations, and for the coefficient of DIST-LF
being influenced by the LOCATION dummy variable are established as following:

1) Ho: Bis <=0 and By7 <=0 (The relationship between DIST-LF variable
and property value is negative or non-existent for both landfill sites);
2) Ho: B16 = B17 (The distance-property value relationship is the same for both

landfill sites).
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3.3 The regression Model

The property prices in the model are hypothesized to be linearly related to 17 independent
variables—twelve in the physical attribute category, and one dummy variable representing the
differences in location between the two areas, and four neighbourhood characteristics (lot size

and distance variables).
The empirical model developed for the analysis in this study is as below:

Y =By + Bi (HROOM) + B, (#PCS-BATHRM) + B3 (#GARAGE) + B4 (BSMTP) + Bs
(BSMTEF) + B¢ (CAC) + B, (FIREPLACE) + Bs (GARAGE TYPE) + Bo (STYLE1) + B1o
(STYLE2) + B, (HOUSE TYPE) + B, (RERUN) + B3 (LOCATION) + B4 (LOTSIZE-
“Britannia”) + B;s (LOTSIZE-“Keele”) + B¢ (DIST-LF-“Britannia”) + B,7 (DIST-LF-“Keele”) +
B1s (DIST-HWY-“Britannia”) + B'.g (DIST-HWY-“Keele”) + Bao (DIST-CBD-“Britannia”) + B2,

(DIST-CBD-“Keele”) + ¢

where

Y = the price of a house, in unit dollars, sold as reported in the MLS records, adjusted by
NHPI'%;

#ROOM = the total number of rooms (inclusive of living room, family room, and the

like.), as recorded in the MLS records;

7 New Housing Price Index
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#PCS-BTHRM = number of total picces in bathrooms, as recorded in the MLS records;
#GARAGE = number of garage spaces available, as recorded in the MLS records;
BSMTP = the status of the basement of a house, as reported in MLS records, a dummy
variable, 1, is used if a basement is partially finished;
BSMTF = the status of the basement of a house, as reported in MLS records, a dummy
variable, 1, is used if a basement is fully finished;
CAC = Central Air Conditioning, as reported in MLS records, a dummy variable, 1, is
used if present; |
FIREPLACE = Fireplace, as reported in MLS records, a dummy variable, 1, is used if
present;
GARAGE TYPE = a garage type, as recorded in the MLS Records, a dummy variable, 1,
is used if garage 1s attached to a house;
STYLE]1 = style of house, as reported in-the MLS records, a dummy variable,
1 if the house is sidesplit, or backsplit, or 1 %2 storey;
STYLE2 = style of house, as reported in the MLS records, a dummy variable,
1, is used if the house is 2-storey or 2 ' storey, 0 if not;
HOUSE TYPE = a house type, as reported in MLS records, a dummy variable, 1, is used
if fully detached;
RERUN = a dummy variable, 1, is used if a house was rerun in 90 days;
LOCATION = a dummy variable, 1, is used if “Keele”, 0 is used if “Britannia”;
LOTSIZE = lot size in square feet, as reported in MLS records;
DIST-LF = the closest distance from an edge of the landfill to a house in meters, as

measured by a geo-coding system,;

71



DIST-HWY = the distance of a house from the closest highway junction, as measure in
meters by a geo-coding system; and

DIST-CBD = the distance of a house from a central business district in Metro Toronto, as
measured in meters by a geo-coding system;

¢ = a random error

Three models are established and estimated sequentially in a way that the models aptly
serve to explain both the division between “Keele” and “Britannia” markets, if any, and isolate
the difference in the effects of the neighbourhood characteristics—Iot size and distance from

landfill—on the property value depending on locations denoted by the dummy variables.

The physical attributes are pooled in a regression equation (Model 1), assuming that the
two areas are homogeneous in terms of house buyers’ preferences for the specific physical
attributes of houses. According to census profiles (compiled by the two cities based on 1991 and
1996 Census of Canada’, Statistics Canada), age group composition is very similar. The age
group, 25 to 44 years old, accounts for 38% in both areas. The median household income is
$65,252 for the East Credit District and 61,777 for the Maple Community. These census data are
consistent with the descriptive statistics (Table 1) that show there are no significant variances in

the structural qualities of houses for both areas.

The LOCATION-independent variable is the dummy variable interaction term that

influences the physical attributes and neighbourhood properties as well. In this model, it is

™ The census data are for the East Credit District (in the City of Mississauga) and the Maple Community (in the City
of Vaughan). 1996 data are for population in both areas and for income in East Credit District. The income data for
Maple Community is based on 1991 Census Report.
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assumed that the coefficients of the explanatory variables of physical attributes do not depend on
LOCATION. The way in which the LOCATION variable influences them is through the y-
intercept (Model 2). The value of the y-intercept for dummy variable, 1, becomes (B, + f3)
instead of B,. The positive B3 indicates that the house in “Keele” that has properties identical to
the house in “Britannia,” in terms of physical attributes, is sold at a higher price than the

equivalent house in “Britannia,” due to locational factors.

The multiplicative interaction terms between the LOCATION dummy variable and all the
physical attribute variables in the model will reveal that the partial regression coefficients for the
physical attribute variables differ depending on locations’*. However, the multiplicative
interaction terms between the LOCATION variable and physical attribute variables are not
included in the model due to high multicollinearity. The inclusion of multiplicative interaction
terms did not improve the predictive power of the model in a significant way. Rather they
introduced high multicollinearity in the model, which makes the individual coefficients

insignificant.

In Model 3 and Model 4, neighbourhood characteristics (lot size and distance factors) are
added to Model 2. Attention is given to examine if inclusion of neighbourhood properties to
Model 2 may introduce multicollinearity. Instead of applying dummy variable interaction terms
to all independent variables., only neighbourhood characteristics are estimated using a dummy

variable interaction model. The complete segmentation of two locations has been given up for

™ One single multiplicative model using a LOCATION dummy variable produces the same statistical results as the
results from separate estimations for the two locations, as long as the dummy variable, 1, is dummied to all other
independent variables.
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the sake of selecting a parsimonious model. The separate estimations will be compared with the

statistical results of pooled data.

There are twelve independent variables representing the physical attributes of a house.
The number of rooms and the number of bathrooms are positive indicators of house quality and
are hypothesized to be positively related to the price of property. The number of rooms includes
the bedroom, living room, family room, study room, and the like. The total pieces in all
bathrooms were used instead of the number of bathrooms because the former is likely to better
represent the luxuries of each bathroom. Dummy variables for the basement count the
differences between unfinished and part-finished and between unfinished and finished. As
finished basement always adds a premium to the value of a house, ceteris paribus, the coefficient
fora fully finished basement should be greater than that for a partially finished basement.
Dummy variables for house style indicate the number of floors in the house. A higher number of
floors generally means a larger size of living space. The coefficients for these dummy variables
are hypothesized to be positive. The variable, rerun, is a proxy to indicate the general condition
of a house. Other things being equal, a house with a better interior or one that is well maintained
will sell in a shorter time than a house in poorer condition would take. The relationship of rerun

is expected to be negative to property value.

There are five neighbourhood factors included in the model: a dummy variable for
location, lot size, and three distance variables. A larger lot size will provide not only an extended
area for living space but also an aesthetic value to the neighbourhood. Other things being equal,

the lot size of a house is hypothesized to be positively related to the price of property. The
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locational convenience of a house is usually determined by the time taken to travel downtown,
especially in a suburban location that is highly dependent on its larger urban centre. However,
this is arguable. For those who have to commute downtown everyday, the distance and
transportation availability (such as subway system, highway access, and time taken) will be
critically important factors in home-purchase decision making. Those who want to escape a
crowded urban centre to seek a quieter place will tend to prefer a house distant from highway

access or public transportation points.
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3.4 Data Source and Variable Measurement

The study area boundary was drawn in a 3 kilo meter from the edges of the landfill, using
the city map. 1,471 single house sales records for both study areas (1,139 records for “Britannia”
and 332 for “Keele”) delineated as above were obtained for the periodJuly 01, 1987 to June 30,
1991 from the database of the Multiple Listing Service (MLS). All the variable information

except distance measurements in the regression model was obtained from the MLS.

The impacts of negative externalities of a landfill that is planned to shut down in the near
future can be significantly mitigated by expectations of positive future use of the landfill site.
Most existing studies have found that the values of properties are least affected adversely after
the landfill is closed (Havlicek et al., 1985; Gamble et al., 1984; Nelson et al., 1992). As the two
landfills were already closed (“Britannia” in 2001, “Keele” on the last day of 2002), obtaining
house sales that occurred many years ago such that the buyers and sellers of the houses
acknowledged the presence of the landfill was necessary. The time period selected for the sales

was July 01, 1987 to June 30, 1991.

The year 1989 and the early part of 1990 were the peak years in the real estate market in
the past 20 years, except for the recent years’ price resurgence. There were rising, peak, and
falling trends in the four-year period in terms of house prices. The presence of multiple trends in
housing prices necessitates that any effects associated with the vitality of the housing market on

the variance in housing prices should be ruled out.

76



The New Housing Price Index (NHPI)"”> was used to remove the inflationary effect from
property prices, a dependent variable. NHPI is a monthly series that measures changes over time
in the contractors’ selling prices of new residential houses, where detailed specifications
pertaining to each house remain the same between two consecutive periods. The base period was

1992 (1992=100)".

The distance of a house from the landfill was measured by geo-coding the addresses of
homes in the study area, using GIS software. Because the distance was not measured from the
centre of the landfill, but from the edges of the landfill, measuring the shortest distance was the
biggest concern. Each house was measured from a multitude of points along the edges of the

landfill and the shortest distance among them was taken for the analysis.

In a similar way, distances from central business district (CBD) in Metro Toronto and
from the closest highway junction were measured. The intersection of King St. and Bay St. was
used as the reference point of the CBD. Highway 400 runs South to North at the west side of the
“Keele” area, and Highway 401 and 403 runs East to West at the north and south of the

“Britannia” area respectively.

7> The information was obtained from Statistics Canada.
7 For information, the index for 2002 is in the range of 120 to 124.
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Chapter 4. Empirical Results

Least squares regression was applied to 1,471 sales of houses, using four alternative
models. The descriptive statistics are reported in Table 1. Table 2 exhibits all the statistical
results of three models. The estimated parameters plus statistical results specified in the model

. are reported in Table 3 (Model 1), Table 4 (Model 2), Table 5 (Model 3), and Table 6 (Model 4).

For Model 3 (Table 5), the presence of heteroscedasticity was tested by drawing residual
plots for the three sets of data (all areas, Britannia, and Keele). The result indicated that there is
no systematic pattern in the error variances, suggesting homogeneous variances in the random
errors. The homogeneity of variances not only confirms that the least squares estimators of the
model parameters are not biased, but also indicates that the two separate observations can be
aggregated into one regression equation sharing the same random error. This means that the use

of a dummy interaction variable term is possible in one single equation for aggregated data.
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Table One presents the mean values of all individual independent variables plus a

dependent variable. It is noted that most of the physical attributes are very similar between the

two areas in terms of quantities expressed in mean values. There is a significant difference in

mean values in lot size.

Table 1

Descriptive Statistics

Variables All areas Britannia Keele
(N=1417) (N=1139) (N=332)
Price (adjusted) 230,786(44303) 228,647(47845) 238,125(27876)
#ROOM 8.01(1.111) 8.15(1.101) 7.53(1.006)
#PCS-BATHRM 7.55(2.395) 7.69(2.430) 7.05(2.203)
#GARAGE 1.84(.464) 1.89(.403) 1.69(.606)
BSMTP A1(.312) .10(.298) 15(.355)
BSMTF 12(.324) .10(.305) 17(.378)
CAC .52(.500) .50(.500) .58(.494)
FIREPLACE 91(.284) .93(.260) .86(.349)
GARAGE TYPE 97(.178) .98(.155) .94(.238)
STYLEI1 .01(.100) .00(.042) .04(.194)
STYLE2 .96(.190) .99(.089) .86(.346)
HOUSE TYPE 1.00(.052) 1.00(.051) 1.00(.055)
RERUN .58(.494) .59(.492) .55(.499)
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LOCATION

LOTSIZE

DIST-LF

DIST-HWY

DIST-CBD

23(418)
5,068(1423)
1,676(655)
2,342(904)

25,089(1591)

.00(.000)
4,892(1305)
1,724(688)
2,139(889)

25,232(1734)

1.00(.000)
5,674(1634)
1,509(491)
3,040(529)

24,600(766)

e Numbers in parenthesis represent standard deviation.

¢ A dummy variable 1 was assigned to a detached house in House Type

variable. Only four houses were not detached.
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Table Two exhibits the statistical results of pooled data that were run under Model 1,

Model 2, and Model 3. The addition of neighbourhood variables increased the coefticient of

determination (R?) from .477 to .602, without affecting the significance of the coefficients of

physical attributes.

Table 2

Statistical Results of Three Models

Independent Model 1 Model 2 Model 3

Variables Standard Standard Standard

Coefficients erTors Coefficients errors  Coefficients errors

Constant 35019 17916* 10676 17479 -23263 16399
#ROOM 18063 953*#* 19277 929%** 16140 8OTH**
#PCS-
BATHRM 4907 3k 5065 369°%** 4071 339%*:*
#GARAGE 4440 2377* 5372 2299%* 3746 2088*
BSMTP 9566 2744%** 8250 2055%** 7557 2406%**
BSMTF 4365 2798 4497 2704* 7082 2465%**
CAC 19512 1725%%%* 17821 1676%** 13753 1545%%*
FIREPLACE 18263 3435%%* 16153 3326*** 14837 3015%**
GARAGE

TYPE -15604 5484*** -14876 5301%**  -12366 4797***
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STYLEI -10600 9826
STYLE2 -35382 5636***
HOUSE

TYPE 29142 16293*
RERUN -3793 .1710**
LOCATION
LOTSIZE-

Britannia
LOTSIZE-

Keele
DIST-LF-

Britannia
DIST-LF-

Keele
DIST-HWY-

Britannia
DIST-HWY-

Keele
DIST-CBD-

Britannia
DIST-CBD-

Keele

-11956

-24431

27402

-3155

21137

82

9497

5552%**

15747*

1654*

2073%**

-11226

_4964

14477

-4325

54631

12.141

3.296

3.286

8.379

8617

5996
14287
1498**
O1]15%**
JTQG A
1.238%**

1.223%%*

3.250%**



# of

Observation 1471 1471
R’ 477 512
R,’ 472 507
F-value 110.685%** 117.377%***

*  Significant at 10 % level
**  Significant at 5 % level

*#% Significant at 1 % level

1471

.602

597

129.219%**
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Table Three displays the results of pooled data and of separate data under Model 1 that
includes only physical attributes. No coefficients have different signs across pooled and separate

data except for the GARAGE TYPE and House Type.

Table 3

Model 1, Regression Results

Submarkets

Independent All areas Britannia Keele

Variables Standard Standard Standard

Coefficients errors Coefficients  errors  Coefficients  errors

Constant 35019 17916%* -4973 . 24204 134709 23209%**
#ROOM 18063 953 *** 19660 1096*** 13034 1520%**
#PCS-
BATHRM 4907 381 %** 5693 436%** 2300 571%**
#GARAGE 4440 2377* 5239 2960* 7061 2767**
BSMTP 9566 2744 %** 11531 3347*** 1754 3257
BSMTF 4365 2798 6774 3331** 3467 3849
CAC 19512 1725%%* 18566 2037*** 13064 2392% %%
FIREPLACE 18263 3435%%* 20990 4362*%** 6810 3871%*
GARAGE

TYPE -15604 5484%** -11587 7105 -11611 5854**
STYLE1 -10600 9826 -42855 26651 -2660 6852
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STYLE2 -35382 5636%**

HOUSE

TYPE 29142 16293*
RERUN -3793 1710%*
# of

Observation 1471

R? 477
R,’ 472
F-value 110.685%**

*  Significant at 10 % level
**  Significant at 5 % level

*#% Significant at 1 % level

-40672
42663

-2699

1139

528

.523

105.163***

12633*%%*

19312%*

2007

-2491 5269

-21763 21509

-4294 2255%*

332

488

469

25.368***
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Table Four displays the results of pooled data and of separate data under Model 2 that
added the LOCATION variable to Model 1. The addition of LOCATION dummy variable
identified that there is a distinction between the two areas, but resulted in little impacts in the

coefficients of the existing independent variables.

Table 4
Model 2, Regression Results

Submarkets
Independent All areas Britannia Keele
Variables Standard Standard Standard
Coeftficients errors Coefficients errors  Coefficients  errors
Constant 10676 17479
#ROOM 19277 929%**
#PCS-
BATHRM 5065 369%**
#GARAGE 5372 2209%*
BSMTP 8250 2655%**
BSMTF 4497 2704*
CAC 17821 1676%**
FIREPLACE 16153 3326%**
GARAGE
TYPE -14876 5301***
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STYLE1 -11956 9497

STYLE2 -24431 555 %%
HOUSE

TYPE 27402 15747*
RERUN -3155 1654*
LOCATION 21137 2073%**
#of

Observation 1471

R? 512
R, 507
F-value 117.377%%*

*  Significant at 10 % level
**  Significant at 5 % level

**% Significant at 1 % level
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Table Five displays the results of pooled data and of separate data under Model 3 which
added Lot Size and DIST-LF variables to Model 2. The two hypotheses of this study are tested

with the results of Model 3.

Table 5

Model 3, Regression Results

Submarkets

Independent All areas Britannia Keele

Variables Standard Standard Standard

Coefficients eITors Coefficients errors Coefficients CITOorS

Constant -23263 16399 -12176 22144 71221 25024 %**

#ROOM 16140 867*** 16461 1020*** 12539 151 1%***
#PCS-
BATHRM 4071 339%** 4483 403 %% 2450 544%%*
#GARAGE 3746 2088* 2515 2697 4845 2667*
BSMTP 7557 2406*** 9606 3041**%* 3159 3115
BSMTF 7082 2465%** 8796 3024*** 6314 3735%
CAC 13753 1545%** 14291 1868*** 11467 2382 **
FIREPLACE 14837 3015%** 17709 3961*** 7801 3717%*
GARAGE

TYPE -12366 4797**%*  -11013 6445* -9624 5591*
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STYLE1
STYLE2
HOUSE
TYPE
RERUN
LOCATION
LOTSIZE-
Britannia
LOTSIZE-
Keele
DIST-LF-
Britannia
DIST-LF-

Keele

# of
Observation
R2

R.2

F-value

-11226 8617
-4964 5996
14477 14287
-4325 1498**
54631 9115%**
12.141 Q8 H*
3.296 1.238%**
3.286 1.223 %%
8.379 3.250%**
1471

.602

597

129.219%**

*  Significant at 10 % level

**  Significant at 5 % level

-26188

-30494

22897

-4338

11.647

3.406

1139

.613

.608

127.105%**

89

24194

11486%**

17590

1823%x*

T70%*

1.306%**

-6425 6552
17626 6309***
-8950 20657
-3819 2148*
5.116 963%**
5.000 2.493%*
332

540

519

26.537%**



*** Significant at 1 % level
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Table Six displays the results of pooled data and of separate data under Model 4 which
added DIST-HWY and DIST-CBD variables to Model 3. Due to high multicollinearity

introduced by the addition, Model 4 did not generate statistically significant results.

Table 6

Model 4, Regression Results

Submarkets

Independent All areas Britannia Keele

Variables Stadandard Standard Standard

Coecftficients erTors Coefﬁcignts errors  Coefficients errors

Constant -152833 26671*%** 147171 31359*** 953611 184836***
#ROOM 15992 855¥** 16265 1001*** 11604 1479%**
#HPCS-
BATHRM 3935 335%H* 4316 396%** 2551 S28***
#GARAGE 3475 2064* 2034 2655 4584 2594%*
BSMTP 7274 2376%** 9224 2986*** 5035 3078
BSMTF 7448 2442 %%* 9285 2970*** 8285 3712%%*
CAC 12377 1542%** 12543 1860*** 12156 2310%**
FIREPLACE 15043 2984 %** 18189 3906*** 10481 3642%**
GARAGE

TYPE -11346 4737%* -9260 6339 -8023 5443
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STYLEI1
STYLE2
HOUSE
TYPE
RERUN
LOCATION
 LOTSIZE-
Britannia
LOTSIZE-
Keele
DIST-LF-
Britannia
DIST-LF-
Keele
DIST-HWY-
Britannia
DIST-HWY-
Keele
DIST-CBD-
Britannia
DIST-CBD-

Keele

-11439

-4808

17037

-4544

N/A

11.084

3.624

5.831

15.409

-8.713

7.094

5.892

6.087

8493

6038

14090

1477%%*

I3 EEE

1.212%**

1.876%%*

3.108#*

1.633%**

2.873%*

876 **

830%**

-28333 23759
-30672 11273 %**
25146 17270
-4567 1790**
10.600 T90F
6.422 1.999%#:*
-8.649 1.736%%*
6.102 936 **

92

-7641

22263

-15733

-3399

4.280

-27.354

-30.010

-29.773

6347

6230%***

20128

2087

956%**

7.182%%*

6.289%**

6.2]17%%*



# of
Observation
R2

R,

F-value

1471 1139
.614 .628
.609 .622
115.554%** 118.267***

*  Significant at 10 % level

**  Significant at 5 % level

**% Significant at 1 % level

332

572

550

26.275%**
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4.1 Interpretation of Regression Results

Model 1 (Table 3) was estimated under the assumption that the two study areas are to a
great extent parts of a homogeneous market. The relationship signs for most of the independent
variables (such as the number of rooms, the number of total pieces in bathroom, basement
condition, central air conditioning, and fireplace) were as hypothesized except for GARAGE

TYPE, STYLE 1, and STYLE 2.

The studies of Havlicek(1985) and Nelson(1992), however, produced a negative sign for
bedroom variable. Hite et al. (2001) study also generated a negative sign for a bedroom variable
at two sites out of the four study areas. Havlicek (1985) explained this as a result of a reduced
living quality service caused by smaller rooms that are inversely related with the number of .
bedrooms. A more persuasive answer could be that demands for houses with greater number of
bedroom had weakened in rural areas (possibly as a result of population migration into urban
centres). The signs of the coefficients of variables such as bathroom, fireplace, and central air

conditioning were found to be the same as those found by these studies.

The negative sign of GARAGE TYPE means that a house with an attached garage is less
valued than a house with a Aetached garage, when all other things are held constant. There are 48
observations with a garage other than the attached type. Many of them were specified as “Other.”
This 1s a measurement error and interpretation is not appropriate. Most of the houses in the study

areas were of the 2-storey style with about 10 percent bungalow style in Keele, and less than 1 %
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are bungalow in Britannia. The negative sign means that the bungalow houses in theses areas are
valued higher than 2-storey houses, other thing being equal. The information with respect to
HOUSE TYPE is hardly meaningful as there is only one house in Keele and three in Britannia
that are not detached. The RERUN proxy variable has a negative relationship with property
value—that is, houses that had not been sold within 90 days after the first listing were sold at

lower prices than the houses sold within 90 days, other thins being equal.

All the linear relationship signs across markets show consistent directions except HOUSE
TYPE. The calculation of variation inflation factors (VIF) for the coefficients of individual

variables indicated little multicolliearity among physical attribute variables.

Model 2 (Table 4) adds the LOCATION dummy variable to Model 1 to test if there exists
a constant difference in the relationship between the property value and a set of variables
representing physical attributes of houses depending on location, assuming that the partial
regression coefficients of the physical attributes do not depend on locations. When all other
things being equal, house value in Keele is higher by $21,137 than the identical house in
Britannia, in terms of the physical attributes specified in the model. An F-test’’ for comparing
nested models—the ratio of a reduction in the sum of squared errors (from the reduced model to
the complete model) to the mean square error for the complete model—indicated that the
LOCATION independent variable helped improve the predictive power of the model
s-igniﬁcantly. The usefulness of the LOCATION dummy variable in Model 2 is that it introduces

the dummy interactive model to Model 3 and Model 4.

7 F-value calculated was 104.
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As were confirmed by the studies of Butler (1982), Atkinson & Crocker (1987), and
Graves et al. (1981), the addition of LOCATION variable did not present any significant
specification bias to the coefficients of physical variables. The study of Havlicek et al. (1985)
showed differences in the estimated coefficients of dummy variables among the five sites, but

structural variables were unaffected.

The signs of the coefficients of LOTSIZE and DIST-LF produced in Model 3 (Table5)
are found to be as hypothesized. They are also significant at 1 percent level. The denser
development pattern in Britannia area is consistent with the result of having a higher coefficient
($12.141) which is greater by $8.845 than the LOTSIZE coefficient in Keele area ($3.296). This
means that, when all other things held equal, the value of land in terms of square feet is lower by

$8.845 in Keele area than in Britannia area.

As hypothesized, the coefficient of DIST-LF for houses in Keele is found to be greater
than that in Britannia by $5.093 per one meter. This means that, when all other things held
constant, the value of house that is located in one mile from Keele landfill is higher by
approximately $8,000 than the identical house one mile from Britannia landfill. It is interesting
to note that the size of coefficient of DIST-LF variable found in this study, C$3.286 (for
Britannia; equivalent to approximately U$2.12 at current exchange rate) per one meter, is a quite

close figure to those obtained by other studies. They were found to be U$1.8 per meter in

Havlicek et al. (1985) and U$3 per meter in Nelson et al. (1992).
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In Model 3 (Table 5) the hypothesis of this study—the distance variable is positively
related to property value, and the coefficients of distance variables depend on the dummy
variable values—can be tested. The null hypotheses are expressed as below:

1) Ho: Bie (for DIST-LF-Britannia) <=0 and B,7 (DIST —LF-Keele) <= 0; and

2) He: Bie=B17.

The significance of the two distance independent variables being positively related to the
property values can be tested by a one-tailed t-test. All the values of distance coefficients are
significant at 1 percent level except the one in the estimation of Keele data only. It is significant
at 5 percent level. Therefore, the null hypothesis that ;s and 7 are not positively related to
property value is rejected at 5 percent significance level. The house values in Britannia increases
by $3.286 for every meter removed from the landfill, when all other things are equal. The
distance premium in Keele is much higher than that in Britannia. Houses in Keele gain a
premium of $8.379 for every meter from the landfill. This result is consistent with the hypothesis
that the residents near a large-size landfill are willing to pay more for the reduction of
disamenities (of the landfill), measured in distance from the landfill, than the residents near a

small landfill because disamenities of a large landfill are greater than that of a small landfill.

The second hypothesis to be tested is that the dummy LOCATION interaction effect on
the distance-property value relationship is significant such that B¢ does not equal 7. The null
hypothesis that the two are equal in size can be checked by the F-test. For the test purpose, the

two separate distance terms are combined into one distance independent variable, which will
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serve as the reduced model”®. The F-test (F-value: 3.65) indicates that the null hypothesis is
rejected at the 10 percent significance level. The result implies that the separation of distance
variable into two separate independent variables (applying the LOCATION dummy variable to a

distance variable) contributes to the model at a ten percent significance level.

Model 47 (Table 6) added extra neighbourhood independent variables such as “distance
to downtown” and “distance to highway” to Model 3. Though their coefficients appear very
significant (the estimation of them were unbiased), the VIF values are far greater than 10 for
DIST-CBD-Britannia, DIST-CBD-Keele, and DIST-HWY-Keele due to their high
multicollinearity. The interpretation of the statistical results is meaningless, as their regression
coefficients will vary greatly from sample to sample. The LOCATION variable was excluded by
the inclusion of the highly correlated neighbourhood independent variables. The addition of
DIST-CBD variables in Model 3 without DIST-HWY variables made the coefficient of DIST-
LF-Keele become an insignificant parameter because there is a high correlation between the two
variables. The DIST-CBD-Keele variable was also found to be insignificant due to the inflated
standard error. There is a very consistent pattern observed that a larger distance from the Keel
landfill means a smaller distance to the CBD. This means that the effect of DIST-LF variable
change cannot be observed when DIST-CBD is held constant, suggesting that the regression

coefficient of DIST-LF can not be interpreted as a marginal effect.

Since the purpose of this study is to investigate the effects of key independent variables

on property values, the explanatory power of the regression is more important than the power of

”® The F-test method was obtained from a monograph by Berry and Feldman (1985, p.67).
" Model 4 is provided for explanation purpose only. Model 3 is the final regression for this study.
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prediction (Berry and Feldman, 1985, p.41). Therefore, the DIST-CBD and DIST-HWY

independent variables were dropped from the regression equation.
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4.2 Summary

As have been reviewed earlier, the physical attributes of a house have remained least
affected by the specification. The partial regression coefficients of the attributes are relatively
stable indicators of their implicit prices. However, the neighbourhood variables have shown a
high collinearity with each other, especially for the observations in the Keele area (such as DIS-
LF-Keele and DIST-CBD-Keele, DIST-LF-Keele and DIST-HWY-Keele). Therefore, these

variables were also highly correlated with the LOCATION factor.

As shown in the results of Model 4, the LOCATION factor has been excluded due to its
extremely high collinearity with distance variables. This is an evident indication that the
LOCATION factor is a good proxy variable for neighbourhood attributes that were included in
the model (distance variables in this study). To deal with the multicollinearity problem, the
DIST-CBD and DIST-HWY variables were dropped from the analysis until more relevant
neighbourhood variable, but not highly correlated with each other, that can explain the difference

embodied in LOCATION factor are found for inclusion.

To supplement this study, the following three suggestions are made.

First, there is a possibility that those neighbourhood variables that are not included in the
analysis, and are highly relevant factors in determining property values in these areas, can affect
the results of this study. Inclusion of a larger number of relevant neighbourhood variables would

allow the model to identify the direction of their impacts.
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Second, the number of sales records in Keele area was relatively small. Expanding the
study period would increase the number of observations, which would enhance the statistical

significance for Keele data.

Third, it is necessary that as many landfills of different sizes as possible be applied to this

comparative analysis to verify that the findings in this study are consistent from sample to

sample.
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Chapter 5. Conclusion

The empirical study results have shown that the partial regression coefficients for the
“distance from landfill” independent variable vary depending on a landfill size (or the volume of
waste a landfill handles per day). This suggests that people perceive the nuisances or
disamenities from a large landfill as being far greater than those from a small landfill. The
variation between the negative impacts of a large and a small landfill is based on the impacts
reflected in property values only. If a large landfill inhibits the development of a host community
in a far more prohibitive fashion than a small landfill, in terms of reducing the growth of
residences or commercial centres, the negative impacts of a large landfill must be much greater

than the result of this study indicates.

The implication of a greater impact of a large landfill on property values is that a smaller
landfill is less costly in terms of total social costs associated with waste disposal, suggesting that
the economic advantages a large landfill possesses over a small landfill should be diminished.
The study result is consistent with the waste management principle, unanimously adopted by
waste authorities at various levels for a long time, that reducing, reusing, and recycling wastes is
preferred because small landfills will without a doubt contribute to reducing the quantity of

waste being disposed of at landfills, as reviewed in the Introduction.

The author argues that the negative costs of a landfill, evaluated by the property value
impact study, capture only a certain portion of the total external costs of a landfill. The accurate

and complete estimation of the external costs of a landfill does not appear possible at the present

102



moment. However, it is hoped that the results of this study will be taken into account when costs
are estimated to choose the optimal landfill size. One may argue that a larger landfill is always
better in areas where no residential development is present because the landfill will bring in
tipping fee revenues to that host community. Given that a large-scale landfill will be operational
for a longer period, the result of this study suggests that residential development can be hindered

more significantly by a large landfill area than a small landfill.
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