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Absiruet. 'Ik parpose of this study is to detwntine the impaçt of five municipal landfiils 
on residential pmperty value in a major metmpoütfm area (Cleveland, Ohio). The " d y  
cuncludes îhat Ipndfills will Iikely have an adverse impact upon W i  vaiues when the 
kdîlll is lorated withm several biocks of BR expensive housiag area. The negatiw impact is 
between 5.5%-7.3% of market value depending upw the actual distance fmm the ImifiII. 
For fess expensive, d e r  areas the IdBi1  effect is moddembly les pmmumced, ranging 
frum 3%4% of murket value, and essentiaüy nonexistefit for predominantly mal  areas 

Introduction and Sîudy Objectives 
The purpose of this study is to determine the impact of municipal landfills on 

residential property values in a major mctropolitan area (Cleveland. Ohio). It seems 
elear that homeowners have personal and financial incentives to protect their environ- 
ment and the value of their real esiate investment. Even iudustrial firms, which them- 
selves generate a vanety of waste. no longer view the environment as a convenient and 
inexpensive means of disposing of waste. 

The scope of the waste disposai prohlem has grown enormously. In a recent study. 
Hanley 171 using EPA data, reports that 180 million tons of municipal solid waste was 
generated during 1988, This translates into 4.0 pounds of waste per person per day and 
this figure is expected to grow hy 25% hy the year 2010. The EPA cstimates that 72.2% 
of the waste is disposed of in landfills compared to 14.2% that is hurned. and 13.1% 
that is recycleci. Hanley indicates that the total mst of operating a 100-acre iandfill from 
acquisition through closure is approximately $50 million. Given these nsing costs, over 
one-third of the nation's 6,000 laudfills are expecteci to close hy 1995. Other, l e s  visible 
costs of landfills are the potential impaci upon health and safety of local residents and 
the possible impact upon residential property values. 

This study specifically examines: (1 )  the likely impact on market value of a decision to 
locate or expand a landfill near residential properlies. (2) the price-distance relationship 
to estimate the marginal inRuence of proximiiy to a landfill. and (3) market's perception 
of the impact of landfilis upon various quality-of-life and health factors, and (4) the 
effect of a landfill upon the rate of housing price appreciation and market liquidity. 

A survey of homeowners living near landfills indicates that the most severe nuisances 
are odor and unattractivena. while toxic water run-off and methane pas were mentioned 
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as the most scvere health issues. Not surprisingly, the farthcr from the landfiil, the weaker 
the impact of the nuisance factors. The findings suggest that homeowners Who own marc 
expensive homes arc more sensitive to landfill problcms. Almost 30% of the respondents 
felt that the landfill had a sevcre adverse impact on selling price and marketability, whilc 
17% fclt the landfill could induce homeowner flight. 

Data on housing sales indicates that landfills will most likely have an adverse impact 
upon housing values when the landfill is located within several blocks of an  expensive 
housing area. The negative impact is hetween 5.5%-7.3% of market value depending 
upon the actual distance from the landfiil. For less expensive. older arcas the landfill 
effect is considerably lcss pronounced, ranging from minus 3% 4%, and esscntially 
nonexistent for predominantly rural areas. The rcsults of the current study should be 
useful to homeowners, reai estüte devclopers, mortgage lenders, fee appraisers, redltors, 
tdx assessors, environmentalists, and public policy makers Who frequently deal with 
zoning and other land use issues. 

Literature Review 
Whiie not intending to he an extensive review of the growing environmental impact 

literature this section summariïzs a numher of recent studies that specifically address the 
impact of various types of kandfiiis on homeowner attitudes and housing valucs. There 
is a significant amount of empirical literaturc dealing with the impact on housing values 
of a variety of environmental issucs such as air, noise, and water pollution (Harrison and 
MacDonald [8]; Harrison and Ruhenfeld 191; McMiilan, Reid and Gillen [IS]). At the 
theoretical level Frceman 151 surveys the issues relating to hedonic price modcls used to 
estimatc the impact of environmental factors on housing priccs. 

In the area of waste disposal the famous Love Canal environmental disaster and the 
publieity surrounding the EPA’s Superfund have focused a signifiant amount of 
atlcntion upon the impact of hazardous waste sites on property values. For exampie, 
Adler et al. [Il examined the impact of hmrdous  waste sites on property values in two 
cities: Pleasant Plains, New York and Andover, Minnesota. The study provided limited 
support for a ncgative landfill cffect in Pleasant Plains. In another study by Schulze et al, 
[25], housing markets near three California cities were examined for potential hazardous 
landfill dects. in only one region did houses within 1ooO feet of the site report signifi- 
cant results. 

Kohlhase 1121 analyzed the impact of toxic wastc sites in the Houston area on 
residential housing values and found that when EPA adds a site to the Superfund list 
a ncw market for “safe” housing develops. Housing prices reflect a premium of up to 
$3.310 per mile as distance to the site increases. Furthemore, these prcmiums disappear 
once tbc site has heen clcancd up. 

In an important study that ha. particular relevane to this study, MeClelland. Schulrc 
and Hurd [17] analyre the effect of risk perceptions on property values surrounding a 
haardous waste site. The authors survcyed residents located near a large landfill located 
in the Los Angeles area. Opened in 1948, the landfili hegan accepting hazardous waste 
in 1976, stopped handling hazardous matcnal in 1983, and finaliy closed a year later. 
Homes were huilt around the landfill and initiai plans cailed for recreationsl facilities to 
eventually he built on the site. 
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While various experts and health officials determined that there was no significant 
health risk associated with the landfill. local residents were not totally conviuced. The 
nurvey ofresident attitudes revealed a bimodal distribution of risk perceptions. That is, 
a significant proportion simply dismissed the nsk while others exaggerated its extent. 
The survey revealed that younger respondents and women geuerally perceived the land- 
fil1 to he a greater nsk. Furthermore, the ntudy indicates that the residents interpreted 
odor from the landfill as a signal of potential health hazards. 

Using an hedonic regression mode], the study identified the impact of risk perceptions 
upon housing values and found that an increase of 10% in the proportion of respon- 
dents who felt the landfill represented a high nsk reduced property values hy $2,084. 
Furthermore, closing the landfill reduced the percentage of respondentç classifying the 
landfill as high nsk hy 24%, which translated into a $5,000 gain in housing pnces. Thesc 
findings also suggest that housing pnces would have been $9,795 or 7.2% highcr if 
the landtill hdd never been huilt. The study also found that the positive impact of closure 
was reflected in improved property values within a few months. It was interesting to note 
that distance from the landfill did not prove to be a significant predictor. While distance 
was a signifiant factor in influeneing risk perceptions, it was also found to be partially 
redundant with square footage and year huilt, and hence failed to make an independent 
contribution to selling pnce. 

In another recent article, Cartee reviewed several unpuhlished studies that lookcd 
at the impact of sanitary landfills on property values [4]. The studies employed very 
different methodologies, data samples, and various degrees of analpical rigor. While the 
findings were not entirely consistent, the general conclusion appears to suggest that 
sanitary landfills do not have a large impact on real estate development activity and 
prices. in  fact, in one case, the development of a saniîary landfill required a sufficicntly 
large investment in infrastructure improvements, such as access roads, utilities, drainage, 
etc., that an increase in property values actually took place. 

Theory and Methodology 

Theory 
The presence of a landfill can impact property values from both the supply and 

demand side. Even though land may be relatively inexpensive ncar a landfill, contractors 
may he hesitant to huild and lenden may he reluctant to extend credit on properties 
Iwated o n  or near landfills due to potential legal liabilities. On the demand side, buycrs 
who are aware that a landfill exists in the ares and who are concerned about potential 
nuisance and health problems will either avoid these properties or be induced to 
purchase them only at a significant discount. Whether the health problems are resl or 
imaginary may not be the critical issue since people often act on the hasis of perceptions, 
as well as fact. Furthermore, as summanzed in the McClelland et al. article, there is a 
growing body of evidence to suggest that when f a c d  with low probahility risks, people 
generally tend to either ignore or exaggeraie the risks involved [Iq. 

As pointe4 out by McClelland, Schulzs and Hurd. risk assessrnent by individual 
sellen may have little impact upon housing prices compared to the nsk perceptions of 
the entire neighhorhood. To illustrate, assume most residents in a given neighborhood 

SCMMER 19% 
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arc generally unconcerned with the nsk or nuisance associated with a landfill. While an 
individual seller may have a strong aversion to the landfiIl and be wiliing to seii at a 
sizeahle discount, the homeowner may still be ahle to  seil a i  the current market p r i e  and 
avoid a large 10s. This is espeially trne if potential huyers are not fully aware of the 
landfill and its assnciated effeets. For exampie, in the McClelland study, 62% of recent 
home huyers indicated that they were unaware of the landfill at time of purchase. 

On  the other hand, as the neighhorhood h o m e s  more eonçcrned with the landfill, 
homes pnces are likely to decline. To some exteni the market experiences a self-fulfilling 
prophesy. If local residents exaggerate the negative aspects of a landfill and are anxious 
to leave the area at  virtually any cost (Le., neighborhood flight), the supply of housing 
offered for sale will be large. if huyers are fully informed ahoui the landfill and iis 
associated nsks, they will either avoid the area altogether, reducing demand, or perhaps 
attempt to benefit from the problem hy making suhstantially below-market offers. Any 
such deeline in prices will he quickly reflected in the appraisal process hy local realtors 
and professional appraisen. Selles will be eneouraged to price their homes even lower 
to remain competitive and a downward pnce spiral may develop. 

Thus, the nature of the housing stock and attitudes of the local residents a n  make a 
signifiant differcnce. if the housing stock is generally inexpensive, of lower quality, and 
owned hy residents Who are older and perhaps less well educated, local homeowners may 
simply ignore any nuisance prohlems and potential future health hazards. If huyers with 
similar attitudes and risk profiles are attracted to the area, there may he little or no notice- 
ahle landfill impact. On the other hand, in areas where the population is younger and 
better educated, very eoncerned about health issues and child safety, and has a signifiant 
housing investment to protect, the potential adverse landfill impact could be signifiant. 

In a well-known article Muth postulates that housing prices follow a definite spatial 
pattern, exhibiting a consistent decline as the distance from the central business district 
(CBD) increases [21]. The decline in value reflets increased eommuiing time and trans- 
portation eosis required to reach the CBD and the greater availahiliiy of land at  the urhan 
fnnge. The existence of these negative pnce gradients have ben confirmed empineally 
hy various researchers, such as Lie and Brown [14] and Jackson [IO]. While the CBD 
represents a positive exiernality a similar argument can be made that a positive pnce 
gradient should be observai for housing located near a negative externality, such as a 
landfill. lnstead of transportation costs affecting pnce, the negative effects of a landfill 
(e.g., odor, noise, toxic water, etc.) should decline as distance from the landfill increases. 

Furthermore, many of the potential prohlems associated with a landfili relate to 
negative externalities such as odor, toxic water, and methane gas which are particularly 
trouhlesome when found in concentrated amounts. The volume of air and land 
surrounding the landfill should act (O ahsorh a t  least some of these externalities and 
d u c e  their nuisance effect. Douhling the distance from a landfill increases the cuhic 
volume of air surrounding the landfili hy a factor of eight and increases the land area hy 
a factor of four. Thus, the negative effeci of a landfill could decline exponentially as 
distance incream, 

~ e t ~ ~ ~ y  

The current study estimates the impact of municipal landfilts on real estate p n w  
using two different approaches: an event-study approach is used to estimate the 
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impact on a before-and-after comparison basis, and multiple regression techniques are 
employed to quantify the impact of proximity to the landfilf. The study was conducted 
in two phases which involved hoth primary and secondary data analysis. 

To obtain the Mews of knowledgeable homeowners regarding potential landfill effects, 
a questionnaire was distributed to 900 residents living near five sanitary landfills. The 
intent of the survey was not to make inferences that could be generalized to the entire 
population of homeowners but to identify the attitudes and concerns of homeowners 
having first-hand knowledge of poiential landfill effects. The questionnaire requested 
information regarding the resident’s proximity to the landfill and an assesment of 
any health or nuisance effects associated with the landfill. The survey also asked for 
information regarding the age, purchase price, and estimated market value of the 
respondent’s home. In addition, the respondent was asked to provide hisfier perception 
of the impact of the landfill in the immediate housing market. 

To provide a suitable sample size, the survey data was aggregated across al1 five 
landfills. Approximately, 25% of the questionnaires were completed and returned. The 
reader should be alert to the fact that there may be some degree of non-response bias in 
the results since individuals Who are unhappy about an issue are more likely to respond. 
Alternatively, some respondents may have chosen to purposely understate their true 
concerns as part of a continuing effort to minimize the market’s perception of the 
prohlem. In this case these two sources of hias work to offset one another. In fact, the 
survey generated both neutral as well as negative views which indicates a balanced 
response. Furthemore, since the objective of the survey is more exploratory than 
inferential, the impact of any residual non-response or intentional bias is less crucial. 

To suhstantiate the survqy results, data on market prim and detailed housing 
characteristics for sales surrounding five landfills were obtained for the 1985-1 989 period. 
Market transaction data on homes sold within one mile of the landfill were obtained. 
While a one-mile limit is somewhat arhitrary it was felt that given the heterogeneous and 
highly i n d u s t r i a l i  nature of Cuyahoga county, extending the study area beyond one 
mile would take in such a variety of extraneous factors ils to make the accurate assessrnent 
of the potential impact of landfills extremely difficult, if not impossible. 

The effects of a landfill are not expected to be uniformly circular since a host of factors, 
such as weather conditions (primarily wind direction), truck t&c, and the quality of 
landfill management, combine to determine the ultimate direction and extent of any 
potential landfill effect. Since reliable information regarding many of thex factors was 
not available, the wncentnc circle approack was initiafly adoptcd and later discarded in 
favor of more iodiired impact areas. Parcel numhers were usal to assign each housing 
transaction to a maIl geographic area, typically covenng only several hlocks. The distance 
from the center of each housing area to the Center of the landfill was then measured. 

To estimate a potential landfill &Et, multiple regression modcls were estimated for 
each of the fivc landfills. As previously mentioncd, many factors beside proximity to a 
landfill will effect housing pnces. For example, differences in age, size, style, and date- 
of-sale will often have a signifiant impact upon selling prias. The use of multiple 
regression allows the researcher to m u n t  for mauy of these non-landfill factors. By 
including a number of important housing characteristics in the mode1 in addition to the 
~ i s ~ n ~ - f r o m - I a n d f i l i  variable, one is able to separately measure the impact of the landfill 
alone, holding the effect of these other factors Constant. To illustrate, let the followiny 
linear equation represent a multiple r egmion  mode1 to estimate housing prices. 

SbMMER 1992 
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where, 

P =  the sales price of the house; 
h,=a constant term that summari7rrs the impact of variables not included 

b, . . . b.= the marginal value ofcertain housing characteristics, such as, size or 

h,=the marginal impact of distance to the landfill measured in miles 

in the model; 

age, 

( L a  
e = a random error term. 

If the explanatory variables in the model are highly correlated (multicollinearity) the 
reported regression coefficients may be scverely distorted. Variance infiation factors and 
condition indices Fecommended by Belsley, Kuh and Welsch [4 were used to test for 
multicollinearity which turned out not to be a major problem.’ 

To test whether or not the positive pnce gradient might be nonlinear, a log-linear 
version of the model was estimated. Since the results were quite comparable to the more 
straightforward linear model, the study reports oniy the linear multiple regression 
results. (Sec Kang and Reichert [1 i ]  for a more detailed discussion of optimal function 
form in appraisal models, and Reichert and Moore [23] for a more thorough discussion 
of multicollineanty.) Finally, only one of the five landfills began operations during the 
1985-89 estimation period. The Jennings Road landfill was opened in Mdrch 1986 and 
thus allows one to make a before-and-after comparison. 

Sîudy Sample and Data 
Information on real a t a t e  transaction prices and detailed property characteristics for 

residential properties were provided by the Cuyahoga county (Cleveland area) auditor’s 
and the assessor’s office over the past fifteen years. Approximately 15,000 residential 
transactions take place each year. Ten landfills are registered in Cuyahoga county. Each 
of these facilities was visited to determine such characteristics as physical size, volume 
of activity, length of operation, and any unique management practices. Five study sites 
were sclected based upon their proximity Io residential areas. The annual processed 
waste tonnage at various landfills ranged from a low of 7,000 tons per year to a 
maximum of 46,Mo tons per year. The uumber of sales within a one-mile radius of the 
landfills ranged from I IO to 963 over the five-year period. A brief description of the two 
landfills reported in this study are included in endnote.’(Statistical resnlts for eacb of the 
remaining three landfills are available upon request.) 

H o m ~ w ~ r  Survey Resuits 
Hom~wners  living near the landiïll were asked to evaluate potential heaith and 

nuisance problems on a scale of I to 5, where a rating of I indicdtes tbat the charactcr- 
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Exhibit 1 
Horneowner EKÔlMôliOn of Lôndfilf Impact 

Panel A-Potential Nuisance and Health Problems 

Not a 
Problem 

A Major Mean Rating 
Problem Value 

Characteristic: 1 2 3 4 5 
A. Unanractive 36.8 120  13.9 14.8 22.5 2.74 
8. Odor 39.3 10.7 10.2 14.1 25.7 2.76 
C. Noise 36.8 12.0 19.6 12.9 18.7 2.65 
D. Truck traffic 43.8 12.5 17.8 9.6 16.3 2.42 
E. Blowing trash 57.3 11.6 12.1 9.5 9.5 2.03 
F. Health hacards: 

(a) methanegas 46.4 9.5 11.3 11.9 20.8 2.51 
(b) toxic water 44.6 9.5 11.3 11.9 22.6 2.58 
(c) rcdents 44.9 12.4 13.5 11.8 17.4 2.44 

Panel û---Economic Impact on Housing Market 

No Impact 

Large Mean 
Negative Rating 
Impact Value 

Characteristic: 1 2 3 4 5 
Marketability 38.0 151 18.0 14.1 14.6 2.52 
Hmeowner flight 50.0 18.8 14.4 9.4 7.4 2.05 
Selling price 41.1 15.3 14.4 12.9 16.3 2.48 

Note Table values are percentages; mean ratings are abçoiute numbers. 
Source analysis of author's SUNW data 

istic is not a concern, whiie a rating of 5 indicates that. in their opinion. the characteristic 
represenis a major problem. Ratings in behveen indiçate a problem of varying degrec. 

Heaith and Nuisance Impaas 
The results are reported in Panel A of Exhibit 1 .  To çimpiify the discussion. the two 

worst rating categories are comhined to indicate when the factor is truiy a significant 
prohiem. Among potmtiai nuisances, odor appears to be the most signifiant problem 
as mentioned by 39.8% of the respondents. füllowed ciosely by unattractiveneçs 
(37.3%). Biowing trash and truck noix appears to be the ieast signifiant probiems. in 
terms of potentiai heaith hazards. toxic water run-off was mentioned by 34.5% of the 
respondents, 32.7% mentioned methane gas, whiie 23.2% indicaled that rodents were a 
signifiant problem. 

To estimate the aggregate effet of these nuisances and health hazards, severai indics 
were created. For a given respondent, numerical scores were summed ovcr two subscts 
of probiem characieristia. The Nuisance Index represents the a ~ r e g a t e  score for the 

SUMMER 1992 
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Exhibit 2 
Rela t ionship  between Landfill Impact Indices  a n d  Hous ing  M a r k e t  

Charac t e r i s t i c s  
~~ 

Rale of 
Disiance Estimaied Price Appreciaiion 

Index: Corr. Prob. Cotr. Prob. Cor,. Prob. 
Nuisance -.11 .O69 .23 .w -~ .Il ,074 

Total -.Oô ,198 .2a .O0 - . I O  ,037 

Source analysis of author’s survey data 

H%ailh .O5 ,233 .33 .O0 .O4 .300 

following characteristics: unattractiveness, odor, noise, truck traffic, and blowing trash. 
Thus, for each respondent, the aggregate Score can range from O to 25. In a similar 
fashion, a Heaith Hazard Index was computed which included methane gas, toxic Water 
run-off, and rodents. The Health Hazard Index can assume values from O to 15. A Total 
Impact Index was then computed that included both the Nuisance and Health Hazard 
Indiczs, and can assume values between O and 45 (note: an “Other” problem category 
was also included in the Total Impact Index.) 

Homeowners were also asked to estimate how close their property was to the nearest 
portion of the landfill as measured in feet. in addition, respondents were asked to 
estimate the current market value of their home and provide information regarding 
the purchase pnce, date of purchase, and the value of any major additions to their 
property. From this information it was possible to estimate the average annual rate of 
price appreciation adjusîed for the value of major additions. Exhibit 2 sumar i zes  the 
correiation between distance from the landfill, current market prices, and average annual 
appreciation rates with each of the three indices. Since one can infer a likely directional 
impact, the one-tail level of significance is reported. 

The data indicates that the correlation between distance and the Nuisance Index 
is significant at the 10% ievel, providing limited support for the attitude gradient 
hypothesis (Le., as distance from the bandfiIl increases, homeowner attitudes improve as 
rcflected in a decline in the value of the nuisance index). On the other hand, al1 three 
indices are highly signifiant and positively correlated with an estimate of current market 
price. This suggests that residents owning more expensive homes are apparently more 
sensitive to these nuisanee and potential heaith factors. 

One would also expect that proximity to a bandfiii might reduce the rate of pnce 
appreciation over an extended period of time. Once again the nuisance factor is 
negatively correlated with appreciation rates at  the 10% level ofsignificance. In general. 
the nuisance factors appear to have the most consistent impact. This may possibly he 
attributed to the fact that characteristics such as odor, unattractivenes, noise, etc. are 
more readily observable than bealth factors such as methane gas and toxic water. 

As reported in Exhibit 1-Panel B, respondents were asked to evaluate the impact 
of the landfiil upon the price and marke~bi l i ty  of houses in their area. MAfke~dbility 
refers to how easy for dificult) a house is to seIl at a raisonable prie. In extreme cases, 
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Exhibit 3 
Annual Appreciation Rate Grouped by Extent of Problem 

Major Not Maicf Rate Stat. 
Typa of Market Impact Problem Problem 0s. Sig. 

Marketabiiity .O51 ,070 .O1 6 .O1 
Hwneowner Fliht .O49 .O69 .O20 .O1 
Negative Price Impact ,058 .O69 .O1 1 .O4 

Source analysis of authn's suww data 

homeowners may be induced to seIl to avoid the landfill when otherwise they would like 
to remain in the area (homeowner "flight"). Approximately 29% of the respondents felt 
that the landfill had a significant negative impact upon selling price, followed closely 
by 28.7% who felt that proximity to a landfill significantly reduced the marketability 
of their property. Just under 17% felt that the problem was severe enough to induce 
homeowner flight. 

To test whether or not the market's perception had a statistically significant impact 
on appreciation rates, respondents were divided into two groups: those indicating that 
marketability, homeowner flight, and selling p r i e  are major problems (e .g . ,  ratings 4 
and 5) and those giving thne  factors a lower rating. A f-test on the mean difference in 
appreciation rates between the two groups was conducted. One-tail tests of significance 
are reported in Exhibit 3. 

As expected, the estimated average annual appreciation rates for homeowners Who 
indicated that the landfill has had a major impact upon the local housing market were 
consistently lower than for the remaining homeowners. For example, the average annual 
appreciation rate for homeowners indicating that the landfill had a major impact on 
marketability was only 5.4% compared to 7.0% for the others. This represents almost a 
30% difference in appreciation rates when rneasured in relative tenns and was statistic- 
ally significant at  the 1 %  level. 

Sales Prim Analysis 
The previous section dealt with homeowners penreptions of landfill problems and 

their potential impact upon the housing market. This section develops an hedonic 
regression mode1 based upon actual housing prices (PRICE) and a detailed breakdown 
of housing charactenstics. Appraisal theory indicates that hasic major structural factors 
such as size, number of bedrooms and b a h ,  and functional obsolescence as well as 
physical depmiation affect housing values. In models such as hedonic price equations 
which assume efficient housing markets. prices should reflect the marginal utility of key 
housing charactenstils. While housing preferences change over time, most homeowners 
fwithin reason) prefer homes with more living space, larger lots, and value the privacy 
afforded by more bedrooms and baths. Thus' space? pnvacy, convenience, as well as 
various housing amenities such as air conditioning and the presence of a fireplace belong 
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in the average housing urility function, and hence should be included as explanatory 
variables in an hedonic price model. 

While utility theory is not sufficiently well developed to identify the precise definition 
of al1 the variables, a wide range of statistial studies have documented the importance 
of a consistent set of housing characteristics effectively employed in hedonie appraisal 
models (Gloudemans and Miller (61; Wood /26j; Lang and Joncs [i 31; Bryan and Colwell 
[3]; Mark [i5]; Morton [20]; Kang and Reichert [ i  il; Kohlhasc [12]). The variables 
included in the current mode1 are drawn from the recent empirical literature and 
generally conform to current appraisal practice. The set of regressors include the follow- 
ing continuous variables: total square footage of living area (SQFEET), square footage 
of garage space (GARGEf. square footage of the lot (LOT) ,  age of the house in years 
(AGEf, total number of haths (BTHS), and distance from the landfill measured in miles 
(DIST). Since the sample includes housing transactions recorded over a five-year period 
it is necessary to adjust the results for inflation. To make this adjustment, a time variable 
(TIMEf was included whose value runs from I to 60, reflecting the sixty months between 
January 1985 and k m h e r  1989. The regression coefficient on the TIME variable 
represcnts an average rate of monthly appreciation over the sample period (see Mark 
and Goldherg [16] for a discussion of alternative time indices). 

in addition, a number of housing amcnities are included as dummy variables in the 
model. Their presence is indicated with a l and a O for their absence. These variables 
include central air conditioning (AIR),  full-hasement (BSMT), ahove-average construc- 
tion quality (QUAL), fireplace (FIREPL),  and housing style ( R A N C H ,  S P L I T  for Split 
or hi-level, BUNG for bungalow; the hase style is C O L O N I A L ) .  

Aggregate M ~ d d  
A pooled cross-sectional model was initially estimated across al1 five landfills over 

a five-year period. A dummy variahic was used to accouni for difierences associated 
with each unique landfill (resulis not reported). Most of the variables were statistically 
signifiant, carried the expected sign, and appeared to he of reasonahle si=. The one 
surprise was the DISTvariahle where the coefficient was estimated to he -312,850. This 
indicates that housing prices decline hy $12,850 for each mile one iravels away from the 
landfill. This result is opposite what one would aniicipate assuming a signifiant negative 
landfill cffect. One problem that may he affecting the results is the fact that the nature of 
the housing market can change dramatically over relatively shori distances. For 
example, a comparison of mean housing values indicatcs that îhere is a decline ofabout 
$7.000 in the average selling p r i e  as one moves one mile out from the landfill. 

Estimating a poolcd mode1 aeross al1 five landfilis introduces an unnecessary degree of 
cross-sectional variation into the sample. For example, Michaels and Smith 1191 found 
that disaggregating a sample into four distinct suhmarkets characterized as ranging from 
below average to premier in terms of housing and neighborhood quality, significantly 
improved the reliability of the estimated nsults. The authors used the Tiao-Goldherg 
statistic to test for equafity of the regression results among the four models. Virtually al1 
of the explanatory vdnabh reported unique housing pnces effecîs across the four 
suhmarkcts. Motivated by the improved submarket results reported by Michael and 
Smith, separate hedonie models were estimated for each landfill in the current study. 
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Only the results from the two iandfills that generated statistically significant findings are 
discussed klow,  The results from the other three landfiils are intcgrated into the 
conclusion section. 

Jennings R w d  Landfiil 
The Jennings Road landfill began operation during March 1986. As suggested by 

Michaels and Smith, it is possible that the commencement of landfill operations may 
have a delayed impact upon housing prices. To test for this possibility a dummy variable 
( A ~ E R O ~ E )  was inciuded that ideniifies sales that took place at least one ycar after 
the commencement of operations. Exhibit 4 reports the regression results for the 
Jennings Rodd landfill. 

The model produced an R-square of 50.5%. an F-value of 64.4, and ten statistically 
signifiant variables with the expected sign and of reasonable size (BSMT, QUAL, 
FIREPL, GARCE. SQFEET, LUT, AGE DIST, TIME. AFTERONE). For example, 
thecoefficient on basement (BSMT) is $8,604, the hedonic price fora fireplace (FIREPL) 
is $5,231, and the estimated annual rate of depreciation is -$284. The distance- 
from-the-landfill variable (DIST) once again carried a statistically significant negative 
coefficient of -$8,813. On the other hand, as cxpected, the coefficient on the dummy 
variable that divides the timc period (AFTERONE) carried a negative and statistically 
signifiant coefficient of - $2,924. This value represents 6.1 % of the average housing 
price in the area. The negative coefficient on D I S T a n  possihly be explained by the fact 
that average housing values decline by about $14,000 as one moves out one mile from 
the landfill ($55.71 3 vs. $41,702). 

Westlake Landjiii 
Exhibit 5 reports the results of the regression for the Wcstlake landfill. The model 

produced an R-square of 69%. an F-value of 89.2, and seven signifiant vanahles ( A f R ,  
BSMT, SQFEET, TIME, BTHS, RANCH, and SUNG). The coefficient on DISTwhile 
negative (-$971) was not statistically significant. 

Takcn together these results are somcwhat disappointing. Ncithcr approach ta 
modelling the impact of distancz to the landfill produced logical and consistent results. 
In only one case, the Jennings Road facility, was a significant negative landfill effect 
observed, and this related more ta the hegmning of operations rather than distance. A 
circle with a radius of one mile has an area of approximately 3.14 square miles. This can 
encompass a wide range of topographies, dcmographics, and housing structures. As 
previously mcntioned. the area surrounding each landfill is unique. For example, the 
north nm of the study area for Westlake touches Lake Erie. while the cast rim of the 
study area for the Jennings Road landfill is primarily an industrial parkway. In fact, for 
several of the landfilis the housing closest ta the landfill is the most homogeneous. As 
one moves out from these landfiils the vdricty of housing increases and in many casa 
suhstantial deciincs in quality and salue are noted. The housing characteristic variables 
in the model should adjust for some of thcûe differenœs but perhaps not al1 of thcm. 
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Exhibit 4 
Jennings Landfiil Regression Results: UISTVariables 

Stepwise Regiwion to Predict: PRlCE 

Variable 
Variable tin-Descriptive Statisticç 

Mean Std. Dev 

PRlCE 
AIR 
BSMT 
DUAL 
FIREPL 
GARGE 
SQFER 
LOT 
AGE 
DlST 
TlME 
BTHS 
RANCH 
SPLIT 
BUNG 
AFTERONE 

48265.64 
.O1 
.95 
.O3 
.15 

349.26 
1323.18 
5944.58 

52.79 
.62 

31.72 
1.27 
.15 
.O3 
.30 
69 

13459.00 
.13 
.19 
.19 
.35 

170.23 
382.92 

3172.76 
20.20 

.20 
16.87 

.45 

.36 

.17 

.A4 

.49 

Regrwion Statistics 

Coefficient of multiple detemination = ,505 
Coefficient of multiple cofrelation = .71 O 
Standard erior oi multiple eçtimate = 9543.42 
F-Ratio ~84.4228 
Degreeç of freedwn = 15 & 947 
Probability of chance = .woo 
Number of valid caçeç = 963 
Number of missing casas =2 
Reçponse percent =99.79% 

Var. 
Ragression Coefficients 

CO& Bara F-ratio Prob. Std. Error 

AIR 
BSMT 
DUAL 
FIREPL 
GARGE 
SDFEET 
LOT 
AG€ 
DlST 
TlME 
BTHS 
RAMCH 
SPLIT 
BUNG 
AFTERONE 
Cons. 

1046.70 -0108 .20 647 2285.50 
8604.37 -1261 19.45 .wo 1950.98 

12005.19 .1715 50.41 .m 1690.74 
5230.88 ,1391 33.10 .Bo0 909.17 

11% 24 76 131 

279.91 ,3509 64.15 .wo 34.94 
121 1.39 .a013 2.16 ,141 822.54 
-486.85 - .O1 32 .14 ,705 1287.02 

S w n a  aoalyçis of autfmf’ç çurrey data 
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Exhibit 5 
Westlake Landfill Regression Results: DlST Variables 

Stepww Regression to Predffit PRlCE 

Variable List -Descriptive Statistics 
Variable Mea" Std Dev 

PRlCt 
AIR ~ .~~~ 
BSMT 
QUAL 
FIREPL 
GARGE 
SQFEET 
LOT 
AGE 
DIST 
TIME 
BTHS 
RANCH 
SPLIT 
BUNG 

11 21 12 34 
37 
84 
66 
63 

437 62 
1921 45 

15594 03 
28 55 

70 
27 75 
217 

29 
07 
22 

50087.05 
.48 
35 
.47 
.48 

124.05 
685.65 

9795.24 
17.05 

.20 
16.62 

.87 

.45 
,213 
.42 

Regreççion Staristics 

Cmfficient of multiple determination ,691 
Coefficient of multiple correlation 831 
Standard emr of multiple estimate 
F-Ratio - 89.1 504 
Degreeç of freedom 
Probabiliry of chance - .O000 
Number of valid cas= 
Number of misçing cases 
Reçwnse percent - 97.45% 

- 281 87.20 

= 15 & 558 

- 573 
- 15 

Regression Coefficients 
COeff. Beta F-ratio Prob. Std. trror 

AIR 
BSMT 
QUAL 
FlREPL 
GARGE 
SQFEET 
LOT 
AGE 
DlST 
TIM E 
BTHS 
RANCH 
SPLIT 
BUNG 
Conçr 

5880.04 ,0569 3.68 .O55 3064.62 
1501 7.31 ,1072 16.63 .O00 3681.65 
2827.74 - ,0266 5 5  ~457 3801 3 5  
1602.78 ,0154 .29 598 2967 19 

19.88 ,0492 2.53 ~111 12.47 
44.59 .6015 206.40 .OW 3.10 
.O3 ,0077 .O7 ,777 .1 3 

64.03 - 0218 .43 510 97.25 
970.73 0040 .O2 877 6301.63 
658 75 ,2186 84.28 .O00 71 75 

8738.74 1526 10.99 ~O01 2635.50 
6356.1 1 ,0578 2 87 O90 3749 55 
61 44 O9 0330 1.57 .21 O 4898.20 
8304 70 - 0697 5.23 022 3631 31 

-2919364 13.14 ,O00 8053.60 

Source analyçis of author's ÇUNBY data 
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In an effort to define a more homogeneous Westbake sample, a smaller region jus1 
north of the kandfiii was selected. Here the landfill is separated from an expensive 
residential community (Bay Village) hy an active set of railroad tracks. Thus, houses 
located ùirectly north of the landfill are suhject to both a ptent ia l  landfill and a railroad 
effect. A dummy variable was inciuded in the mode1 to masure the comhined impact of 
the landfill and the railroad (LF&RR). To help separate the two effects, it was noted that 
houses located near the far northwest and northedst corners of the landfill and adjacent 
to the railroad tract are primarily suhject to a railroad effect. A second dummy variable 
(RR)  was included to masure  this ‘‘pure’’ railroad effat. One would expect the ahsolute 
value of the coefficient on LF&RR to exceed the coefficient on RR. In fact, the difference 
between the two coefficients (LF&RR RR) would represent the landfill effat. 

As indicated in Exhibit 6, approximately 19.2% of the 375 housing transactions in the 
reduced mode1 are suhject to both the railroad and landfill effects, while 22.4% of the 
housing sales fall in the pure raihoad effect areas. Reflecting a more homogeneous 
market area, the model’s R-square increased to almost 80%. Eight variahies are statistic- 
ally significant and carry the expected sign (AIR, BSMT, SQFEET, ACE, TIME. 
BüNC. LF&RR, and RR). Both the LF&RR and RR vanahles are negative and, as 
anticipated, the ahsolute value of the coefficient on LF&RR exceeds the coefficient on  
RR ($12,787 vs. $6,722). This difference of $6,065 can reasonahly be attrihuted to the 
landfill. This represents a decline of 5.5% compared to the average selling prke of 
$108,786, which is generally consistent with the -6.1% impact reported in the Jennings 
Rodd landfill results. 

Conclusions 
The survey of homeowners living near landfills indicites that the most severe 

nuisances are odor and unattractiveness which were reported hy about 40% of the 
rmpondents. Toxic water mn-off and methane gas were mentioned hy approximately 
35% of the respndents as the most severe health issues. Not surprisingly, the farther 
from the landfill, the weaker the impact of the nuisance factors. A strong correlation was 
found hetween the respondent’s estimated market priee and hoth nuisance and health 
indices. This suggests that homeowners Who own more expensive homes are more 
sensitive to landfill problems. Furthermore, the nuisance factors appear to have a weak 
negative impact upon estimated appreciatiou rates. Almost 30% of the respondents felt 
that the landfill had a Severe adverse impact on selling p r i e  and marketahility, while 
17% felt the landfill could induce homeowner flight. Both nuisance and potential health 
prohlems are perceived to he related to a reduced level of marketahility, lower d i n g  
prices, and increased homeowner flight. Furthermore, lower average annual appreci- 
ation rates are associated with reduced marketahility, lower selling prices, and home- 
owner flight. 

A total of 2243 market sales located uear the five landfiils were analyzed. The results 
are somewhat mixed as the current literature suggests. For example, the negative 
coefficient (-52,924) associated with the dummy variable that marks the one-year 
anniversary of the opening of the Jennings R a d  landfill, suggests that the Facility may 
have reduced pro-rty values hy an average of 6. I oh. On the other hand, when a circular 
area of about three square miles is usmi as the study region and pronimity to ihe landfill 
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Exhibit 6 
Westtake Landfill Regression Results: LFBtRR Variables 

Stepwise Regrenion to Predict: PRICE 

Variable List-Descriptive Statisrics 
VanaMe Mean Std. Dev. 

PRICE 108786.53 
AIR 33 . .... 
ESMT 
OUAL 
FIREPL 
GARGE 
SûFEET 
LOT 
AGE 
TlME 
BTHS 
RANCH 
SPLIT 
EUNG 
LF&RR 
RR 

'83 
.69 
6 2  

429.42 
1869.80 

1401 2.94 
27.47 
28.67 
2.1 9 

.30 

.O6 

.24 

.19 

.22 

46220.68 
.47 
.36 
.46 
AT< . .- 

121.24 
654.98 

571 5.68 
12.77 
17.1 4 

'87 
'46 
.25 
.43 
.39 
.41 

Regtession SiatinicS 

Coefficient of multiple determination 
Coefficient of multiple correlation 
Standard error of multiple estimate 
F-Ratio 
Degrees of freedom 
Proùability of chance 
Numbef of valid cases 
Numher of missing cases 
Rssponse percent 

= 795 
= 891 
= 21 360 24 
=928123 
= 15 & 359 
=o(Kfo 
= 375 
- 1  
=9973% 

Var 
Regression Coefficients 

COeff. Eeta F-ratio Prob. Std. Error 

AIR 7743.58 ,0792 7.79 ,005 2772.68 
BSMT 1 129502 ,0903 10.14 ,001 3546.87 
a u a L  -4052.00 -.O- 1.14 ,284 3780.1 2 
FIREPL 2610.62 O274 .83 ,360 2848.89 
GARGE 17.47 ,0458 1.88 .170 12.73 
SOFEET 46.51 6591 206.97 .MH) 3.23 
LOT -.14 - .O1 74 .33 M 5  .24 
AGE -455.53 - ,1259 11 3 5  ,300 131.75 
TlME 708.07 ,2626 112.10 ~ooo 66.87 
ETHS 3235.97 ,0612 1.47 ~224 2661.1 4 
RANCH 2793.98 ,0279 .58 ,445 3659.47 
SPLIT ~- 5597.05 - ,0308 1.24 ~266 5023.96 
EUNG - 8843.43 - .O827 5.88 .O1 5 3646.76 
LF&RR ~~ 12787.89 .1091 13.33 .O00 3501.49 
RR -6722.1 1 - ,0607 3.98 ,046 3366~70 
consr. - 3808.51 .31 ,573 6751.68 

Source analyçis ai  author's suwey data 
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is measured in miles, counter-intuitive results are ohtained in four of the five regions. 
That is, as distance from the landfill increases market values decline, or alîematively, the 
closer ta the landfill the greater the average market value. 

At first glancc thcse results might suggest a positive landfill cKect but only a fcw of the 
survey respondents specifically identified positive aspects of living ncar a landfill. 
Furthemore, the si7e and quality of housing and the nature of the terrain can change 
dramaticaliy within a relatively short distance. These factors can have a signifiant 
impact upon housing p r i a .  While appraisal theory can identify a siazable number of 
key housing price deteminants such as those included in the current models, data 
limitations may make it impossible to mode1 al1 possible factors. 

In an effort to reduee the heterogeneous nature of the housing market, two landfills 
were selected for more careful study. The study areas were reduced ta a more a homo- 
geneous region immediately surrounding the landfill. In ouly the Westlake landfill was a 
negative and statistically significant result observed. Limiting the anaiysis ta a 15-18 
block area running parallcl ta the landfill suggests an average $6,000 negative landfill 
eîïect. For housing within sight of the landfill the average negative landfill impact 
increases ta approximately $8,000. These findings suggest a 5.5% to 7.3% impact upon 
average housing values and are generally consistent with the McClelland, Schulze and 
Hurd results where property values in an equally expensive housing market were 
approximately 7.2% lowcr due ta a hazardous waste landfill. Since none of the landfills 
in the current study accept hazardous waste, it seems logical that the McClelland, 
Schulze and Hurd findings would be towards the upper end of the impact range for 
sanitary (nonhmrdous) waste sites. In the Jennings Road and Brooklyn landfills a 
weaker negative impact of between 3% 4% was observed. 

It is perhaps not surprising that the strongest negative impact was observed in the 
Westlake area that has by far the most expensive housing located immediately north of 
the landfill. This southern edge of Bay Village is a yuite homogeneous, high income area 
with large, relatively new homes owned by a mix of young and middle-age families. For 
several of the other landfills, the surrounding housing stock is generally smaller, less 
expensive, and oAen owned by older residents near retirement age. 

Thus, this study concludes that landfills will likely have an adverse impact upon 
housing values when the landfill is located within several blocks of an expensive housing 
area. The negative impact is hetween 5.5% 7.3% of market value dcpending upon the 
actual distance from the landfiil. For less expensive, older areas the laudfill eKect is 
considerably l e s  pronounced, ranging from 3 % 1 % ,  and essentially nonexistent for 
predominantly rural arcas. 

Notes 
'Two measures of rnuliicollinearity werr ealculated: variance inflaiion faciors (VIFS) for each 
independeni variable and coiidition indices suggestcd by Relsley, Kuh and Welsch. The largest 
VIF for ihe Jennings landfill mode1 vas only 2.4 and the largest ralw for the Wesiiake landfiil 
mode1 was 4.5. In neiiher case did the condiiion indices ex& a value of 30 with al leasi IWO 

variance proportions in exces of 0.5. 
The Jennings Road landfiil processes only consiruciion materkals. such as lumkr and bricks. The 
site is çurrnunded on ihree sides hy homes of various lypes ihai ge-enerally Fall in the low to 
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moderate p r i e  range, while 10 the east lies an industrial parkway. The area northemt of the landfill 
is highly industrialircd with a large manufacturing plant dominating the region. The Jennings 
landfill facility was opened in 1986 and appears 10 process a relatively low volume of trash. 
Awrding  to local residents. pnor 10 commencement of operations the prescnt site of the landfill 
was an unreguiated open area that was freqlrntly used as an illegai dumping area and for un- 
supervised recreational activity. The one-mile study area included Y63 sales during the five-year 
estimation pend. 

The Westlake landfiil is locaied in the northern part ofthe C i t y  of Westlake along the Bay Village 
border. An active Norfolk &Western railroad track nins along the north side of Ihe landfiIl. 
Expensive residential properties exist along the Bay Village side, while las expensive homes 
surround the landfill on the remaining three sides. South of the landfill is a significant commercial 
park development, while 10 the edst and southeast of the ldndfill are apartmenis, condominiums, 
retirement facilities, and a few single-family homes. The landfill commenïed operations in 1958 
and closed in May 1990. Most of theexpensive residential development jus1 north of the landfiil in 
Bay Village look place after the landfill k g a n  operations. A SeClion of the landiill that has bren 
closed for several years has k e n  landscaped and i s  k i n g  used for fecreation purpaçes. One portion 
of the iandfill i s  now k i n g  used for a leaf composting projet. When the landfill was active it 
processed waste from the City of Westlake only. The landfill was closed after signifiant public 
protests aras regarding potential environmental and hedlth ha7ards from local residents and a 
perceived negative impact upon home values from residents in Bay Village. The one-miie study 
area included 586 sales during the iive-year estimation pend. 
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