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The Price and Liquidity Effects
of UST Leaks from

Gas Stations on Adjacent
Contaminated Property

This arlicle reporis on the effecis of registered leaking underground siorages tonks
(LUSTs) from gas stations on neighboring residentic! and commercial properiy ihat is
achucily known to be contaminaied. Addressing the effecis on lransaction iates,
sales price, and abilily fo obtain financing, the research employs a varietly of sialisti-
cal methods appropriate when small numbers of properties are avallable for analy-
sis. These include individual propeny prediciion models in 6 hedonic regression frame-
work, muliiple analysis of variance (MANOVA), presale /posisale analysis, and differ-
ence of proporiions analysis.

The effects of gas station leaking under-
ground storage tanks (LUSTS) are a concern
because petroleum compounds may poten-
tially cause groundwater contamination (es-
pecially serious if drinking water is affected),
soil contamination, and noxious deleterious
fumes in confined areas such as basements.
The main hypothesis of this article is that if
nearby properties are contaminated by pe-
troleum from LUSTs, their value would be
reduced. We address the effects of LUSTs on
various market outcomes, including trans-
action rate, sales price, and ability to obtain
financing. The study area was Cuyahoga
County, Ohio, with Cleveland as its central

city. All analyses were based on public
records.

The statistical technique used to analyze
each of the different market outcomes de-
pended largely on matching the require-
ments and capabilities of each of the alter-
native feasible techniques with the charac-
teristics of the available data for the particu-
lar outcome of interest. The main constraint
was the small number (1 < 10) of contami-
nated properties sold in a property class in
any given year. For each type of analvsis, we
used the technique providing the best match
between technique and available data, in-
cluding predictive regression models in a
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hedonic framework for individual proper-
ties, multivariate analysis of variance
(MANOVA), presale/postsale analysis, and
difference of proportions analysis. Through-
out, we report only those results established
at a 95% confidence level or better.

This research approach is complemen-
tary to direct surveys of market participants.
Though direct surveys are often more de-
tailed and specific about certain hypotheti-
cal situations or past experiences, they are
often more difficult to employ. Moreover,
they often fail to present an overall view of a
situation in a real estate market, thereby lim-
iting the ability to generalize any conclusions
drawn from them.

The results we present here are consistent
with our earlier findings of the effects of reg-
istered LUSTs on residential property, which
concluded that there was a 17% reduction in
sales price.! For residential properties in this
study, results indicate a statistically significant
reduction of up to 14%—-16% for those prop-
erties sold after contamination becomes
known. This is an observable effect from sales
only, before consideration of effects on value
from any delayed sale or reduced transaction
rates. For commercial properties, we find a
significant reduction in transaction rates (33%
lower), a reduction in sales price of approxi-
mately 28%—42%, and more than twice the in-
cidence of seller financing.

The rest of this article covers the litera-
ture pertaining to value loss of adjacent prop-
erty, including a detailed description of the
data collection and analysis used in this re-
search, and reports results for residential and
commercial property.

LITERATURE REVIEW

Residential Property Affected by
Environmental Contamination

(Including LUSTs)

The effects of environmental contamination
on surrounding residential property are well
documented, with important studies noted
in the reference section of this article. Stud-
ies have been conducted on Superfund toxic

jouy

waste sites, landfills, and existing hazardous
waste sites, as well as high-voltage overhead
electrical transmission power lines. Relevant
work has also addressed the relationship
between groundwater contamination and
residential property values.? Results from
these studies generally support the notion
that a negative relationship exists between
proximity to these objectionable sites and
residential sale values. This relationship di-
minishes with increasing distance from the
site. The type of toxic substance also affects
the reduction in values. For example, one
would expect to find a larger negative effect
for hazardous waste than for nonhazardous
environmentally harmful materials. Com-
pared with other forms of contamination,
LUSTs would be considered a moderately
toxic environmental problem.?

Housing markets assimilate publicly
available information (e.g., a discovery that
contamination at a Superfund site is worse
than expected) by capitalizing it into a lower
sales price. Homeowners may also perceive
separate diminution of value attributable to
a nuisance associated with close proximity
to a site and more general negative effects
related to potential health hazards. Proxim-
ity to visually obvious hazardous sites may
also deter potential buyers from making of-
fers on homes, thus affecting sales price by
reducing demand.

There is a small but growing body of
empirical information on the effect of under-
ground storage tank leaks on residential
property. Our study finds a 17% reduction
in sales price for residential property sold
within one block or 300 feet of a registered
LUST, where the site continued to have tanks
onsite.! This result pertains to 1992, a year
when recovery from the recession indicated
generally soft market conditions. These re-
sults also include LUSTs associated with in-
dustrial sites that were not gas stations.

Nonresidential Property Affected by LUSTs
There is strong evidence in the literature to
support the notion that nonresidential (in-
come-producing) property could be nega-
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A standard for
establishing the
magnitude of
loss in real
estate is the
hedonic price
model.
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tively affected by proximity to environmen-
tal contamination (of which LUSTs are an
important subgroup), even if no sale of the
property occurs.® Because LUSTs are rela-
tively common, they are often cited as a likely
source of contamination appraisers should
watch for, or are used as examples of con-
taminated property.® Further, a substantial
portion of LUSTs have been found to have
off-site groundwater contamination.” Much
of the literature pertains directly to contami-
nated subjects, although the effects may also
be applicable to some degree to proximate
off-site properties if contamination becomes
known, or if the sites are perceived to be con-
taminated.?

Regardless of how this potential value
diminution comes to pass, the end result is
that value diminution can occur without a
sale. It is a form of unrealized capital loss
due to a lessened income stream and loss of
full use of the property. These losses in value
can be attributed to reduced net income
streams, delayed transactions, loss in the
owner’s ability to access equity in the prop-
erty, higher discount rates to adjust for per-
ceived risk, or reductions to property value
due to stigma. Any combination of these fac-
tors can result in an overall reduction in
value. Through discounted cash flow (DCF)
analysis, an appraiser (or other real estate
professional) can determine diminished fu-
ture net income due to lost income, lower
expected rents, lower occupancy rates, and
higher environmental monitoring costs that

depress the present value of income-produc-
ing property (including apartment build-
ings). The DCF approach has been generally
accepted by many scholars and experts.’

MECHANISMS THROUGH
WHICH LOSS OF PROPERTY
VALUE MAY OCCUR

Delayed transactions. Contaminated prop-
erties are more difficult to sell, experience re-
duced marketability, or may never reach the
market. Thus, lack of sale or a delayed sale
is a loss."” There is evidence to support the
proposition that LUSTs and other types of
environmental contamination experience
this problem."

A standard for establishing the magni-
tude of loss in real estate is the hedonic price
model. However, hedonic pricing models re-
quire a sale. Therefore, it can be argued that
hedonic pricing models understate the actual
loss because only the most desirable proper-
ties get sold, and also because the loss of
value attributable to a delayed sale is not con-
sidered. A smaller number of sales and a
higher percentage of failed transactions in-
dicate that the present value of those prop-
erties that do sell would be lower because of
the delay. Also, net sales price would be
lower because of excess supply. The market
clearing price may be harder to establish be-
cause buyers and sellers may have different
perceptions of the cost to cure contamina-
tion."?
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Reduced net income stream. According to
prevailing theory, income can be reduced
even if tenants do not move out, because fu-
ture tenants may pay less rent to compen-
sate for the environmental risk. There could
also be a higher vacancy rate, where tenants
avoid the building' or there is downtime for
mitigation to occur. These conditions would
apply to an income property affected by
offsite contamination from a LUST. Also, any
unreimbursed environmental monitoring
costs could drive down net revenues for the
building by increasing operating costs.**
Loss in Accessing Owner Equity. A contami-
nated property owner may lose the ability
to obtain mortgage financing. There is evi-
dence that lenders refuse to provide mort-
gage loans on contaminated properties, in-
cluding those with USTs." Such a situation
may prevent the owner from obtaining fi-
nancing and could cause cash flow problems
for the business because the structure may
not be used as collateral. Hence, the liquid-
ity of the property (i.e., the owner’s ability
to convert the asset to cash relatively quickly)
could be substantially impaired. In certain
severe cases, a firm could undergo financial
stress severe enough to cause bankruptcy.
These issues related to liquidity loss indicate
that the owner may have lost the ability to
fully use the property or that the asset has
been frozen. This liquidity loss includes the
inability to refinance and loss of full income
potential. Restrictions on future use are also
a concern, and may affect both property
owners and lenders worried about the value
of the real estate as collateral.’®

Higher discount rate to adjust for actual or
perceived risk. A higher discount rate drives
down the present value of the property, even
if debt structure and revenue do not change.
In some cases, upward adjustment in the risk

premium component of the discount rate can
be substantial. A two-percentage-point in-
crease, or about 20%, was reported in one
survey."”

Stigma. This term is generally accepted to
mean the residual value loss outside of the
cost to cure the actual contamination. One
important component of stigma is fear or un-
certainty about a future recurrence, and an-
other is a chilling effect.' The stigma would
be greater before remediation, and even af-
ter a successful cleanup, the affected prop-
erty may never regain its full unimpaired
value. Failed transactions may be a form of
stigma. In addition, the stigma of a bad ad-
dress should be controlled for by using ei-
ther regression or matched pairs analysis.
Courts have accepted the notion of perma-
nent post-cleanup stigma. Also, courts have
considered stigma damages in cases of in-
complete repair, where the property has not
been totally remediated back to clean stan-
dards.” This may become more common in
the future, given the emergence of risk-based
corrective action cleanup strategies.

Overall reduction in value. In summary, the
combination of all the mechanisms mentioned
here clearly supports the notion that unsold
income-producing property can experience
substantial diminished value. Both contami-
nated subjects and nearby property, whether
perceived or actually contaminated, could be
affected. Limited quantitative evidence exists
of this value diminution for subjects and
offsite properties.’ Based on this evidence, the
value diminution effects should be larger for
offsite nonresidential properties than for
offsite residential properties. The amount of
loss can also depend on whether it was deter-
mined before or after remediation, the tim-
ing of market cycles, the severity of contami-
nation, and other factors.”
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DATA COLLECTION AND METHODS

Identification of Contaminated UST Sites

The first step in the empirical part of this re-
search was to identify properties actually or
very likely to be contaminated. In Ohio this
was accomplished at the Bureau of Under-
ground Storage Tank Regulations (BUSTR),
the state UST regulating agency. BUSTR has
a reasonably complete set of files on correc-
tive action sites in Ohio, including well test
results, gradient maps, and other materials
for more than 200 UST events in Cuyahoga
County. The operational definition of con-
tamination refers to the documented pres-
ence of the carcinogen benzene and other
volatile petroleum compounds in excess of
5 parts per billion (ppb). Due largely to mea-
surement limitations faced by BUSTR engi-
neers responsible for site characterization
(most consultant reports stop at the property
boundary), a degree of judgment is required
in determining whether and to what extent
an adjacent site meets this definition. Accord-
ingly, upon review of each file, this research
employed a ranking system (1 being the
highest, 3 the lowest) based on the degree of
confidence we could place in whether that
property was actually contaminated. The
highest was a “1”, where direct evidence
(well test results) showed that contamination
was present. A property classified as a “2”
was adjacent and down-gradient from a con-
taminated site, or refused to be tested. A “3”
was adjacent to a 1 or 2 and also down-
gradient, within 50 feet to 100 feet of the edge
of contamination. A total of 60 sites were
identified as having offsite contamination at
level 3 or above. Care was taken to avoid clas-
sifying properties as contaminated if they
were on the margin of these criteria.

The next step was to verify the parcel
numbers of offsite contaminated properties.
This was accomplished in Cuyahoga County
at the county property tax map room by ex-
amining the LUST maps from BUSTR and
comparing them to tax maps. Accordingly,
133 contaminated residential properties were
identified in Cuyahoga County. Of these,
about 100 were existing residential homes.
The balance of the residential properties were
new construction, all in one new residential
subdivision. We similarly identified a total
of 154 actually contaminated commercial
properties.

Property data. Sales activity and sales price
data are available through the county’s prop-
erty tax records. We obtained these records
from the Amerestate Corporation (a data ven-
dor) for sales data since 1986 and characteris-
tics on all properties (sold or not) through the
first quarter of 1997. This data set was com-
bined with the contaminated properiv infor-
mation, thus enabling comparison of the con-
taminated and uncontaminated properties.
This study focused on a subset of the
data from July 1994 through December 1996,
after the Ohio residential real estate disclo-
sure form became required but during a rela-
tively stable period in the regulation of and
requirements concerning USTs. This time pe-
riod provides some of the best available data
on environmental contamination and prop-
erty characteristics.?
Methods. Subject to the sorts of consider-
ations mentioned previously, the best avail-
able analytical techniques were employed.
These techniques were driven by quality and
availability of property data, number of con-
taminated properties, if sold, market seg-
mentation, distribution of variables and er-
ror terms in statistical models, degree of site
remediation, and comparability of commer-
cial property. The overall database permit-
ted construction of hedonic multiple regres-
sion models for existing residential proper-
ties. Limitations existed due to cross-year
pooling and a small number of sales in each
year (fewer than 10). These limitations ren-
dered it infeasible to follow a more tradi-
tional approach using hedonic models. In-
stead, depending on the number of available
cases, this research used hedonic models to
predict individual property values,
MANOVA (multivariate analysis of vari-
ance), and sale/resale analysis, as appropri-
ate. (The variables and predictive regression
computer models that underlie this research
are available from the authors on request.)

RESULTS FOR RESIDENTIAL
PROPERTIES

Existing Residential Properties

Given the available data, the best analytical
technique for existing residential sales is in-
dividual prediction using hedonic multiple
regression analysis, with data transformed
using the Box-Cox technique. One model

22. See Sementelli and Simons, 1997, for more details on the regulatory environment.
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was created for each year of sale. Expressing
the sales prices in log form helps to correct
for lack of normality in their distribution.
This technique enables comparison of the
predicted sales price with the actual sales
price. The difference can be attributed to con-
tamination, holding all other information
constant. Table 1 contains the results. The
most important information includes the per-
centage reduction in value between the pre-
dicted and observed sales prices.

Eleven existing residential properties
were sold after contamination became
known, and before remediation was known
to be initiated. Comparing the actual sales
price with its predicted (market) price among
this group, nine have a statistically signifi-
cant reduction in price, one has a reduction
that is not significant, and one has a signifi-
cant increase in sales price. Aggregating
these sales together reveals a 14%~15% re-
duction in sales price that can be attributed
to the LUST contamination, without account-
ing for delay or other impacts on value.”
Typically, these properties were under
remediation at the fime of sale.

Higher-Priced New Residential Units

Higher-priced new construction in one new
upper-end subdivision in a desirable neigh-
borhood forms one subset of the sales. The
contamination in this subdivision resulted

from a leak with a well-documented, exten-
sive LUST plume. The event was discovered
in mid to late 1994, and partially documented
in 1995. By late 1995 and early 1996, residen-
tial disclosure forms were known to be in use
in marketing these units. Some nicely located
and otherwise attractive residential building
lots currently remain undeveloped.
Consistent with the notion of price seg-
mentation, these homes were modeled sepa-
rately from the lower- and middle-priced
homes. For these higher-priced sales,
MANOVA was used. This technique enables
comparison of the sales prices of properties
classified as contaminated with those classi-
fied as uncontaminated, without violating re-
gression assumptions. Statistical significance
tests on bivariate relationships can be used
to indicate the marginal difference in sales
price attributable to contaminated and oth-
erwise similar uncontaminated properties.
The results, shown in table 2 and figure
1, indicate that before contamination became
known, the properties in this subdivision
were selling at a 5% premium over houses
in similar neighborhoods. By 1995, the con-
taminated sales had experienced a reduction
of 2% over the other properties. By 1996, the
price reduction was 16% for those contami-
nated units that sold. These results are sta-
tistically significant at a level of 0.05.

TABLE 1 Existing Residential Properties Sold After 1994 with Disclosure in Effect

Year Degree of Actuat Predicted Price Price Change
Sotd Parcel Contamination Price Price Difference Predicted
1994 821-18 3 $72,000 $98,280 -§26,280 -26.7%*
1994 312-05 3 $102,000 $131,453 -$29.453 -22.4%"
1995 363-15 2 $103,000 $85,440 $17.560 20.6%"
1995 134-23 2 $20,000 $32,169 -$12,169 -37.8%"
1995 018-04 2 $61,000 $64,467 -$3.467 -5.4%"
1995 018-04 2 $60,000 $60.699 -$699 -1.2%
1995 022-14 2 $53,000 $60,118 -§7,118 -11.8%"
1996 684-01 2 $63,500 $91,780 -$28,280 -30.8%"
1996 131-19 1 $15,000 $21,077 -86,077 -28.8%"
1996 018-04 1 $48,000 $51,058 -$3.058 -6.0%"*
1996 314-21 3 $129,000 $145129 -$16,129 -11.%”
Totals §726,500 5841670 -$115,170
Total Loss: -13.7%

Average Loss: -14.7%

*Significant at 0.06

23. A 95% confidence interval around these data would indicate the change to be between -3.6% and —25.8%. If the one positive
value is omitted, a 95% confidence interval would be —-9.1% to -27.3%. Either way, the confidence interval excludes zero, indi-
cating that the value is negative and the loss is statistically significant.
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TABLE 2 Higher-Briced New Residential MANOVA Resulls

Number of Total Average
Year of Contaminated Number  Price Model Price Price Change  Annual
Sale Sales ofSales Range Fstatistic Uncontaminated Contaminated in Price  Difference
1994 4 117 $300-5450 15.18 $333.830 $352,191 $18,361 55%
1995 8 325 §300-$450 14.29 $345,511 $336,990 -$8.521 -2.5%
1096 8 287 $300-5450 15.32 $360,572 $303,983  -$56,589 -15.7%

Notes: Average prices of contaminated properties when compared with uncontaminated properties are statistically
different at 0.01. This table is based on 20 contaminated sales over a three-year period.

COMMERCIAL PROPERTY RESULTS

Three types of analysis can be conducted to
determine the effect of LUSTs on contami-
nated commercial property: transaction rates
once contamination becomes known, the
likelihood of seller financing on sale, and
difference in sales price upon sale.

Transaction Rates of Contaminated Versus
Uncontamminated Commercial Properties

This study identified 154 nonresidential
properties known to be contaminated. This
number was reduced to 122 properties to
account for government-owned lands and
double counts of properties with multiple
parcels. Next, commercial properties sold in
the same year or after information about
LUST contamination became known were
considered. This indicates that commercial
properties contaminated by LUSTs transact
at a rate of 2.7% per year, compared with
4.0% per year (based on activity of over
32,000 properties) for uncontaminated prop-

FIGURE 1 Higher-Priced New Residential:
Average Change in Contaminated

Property Over Time
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erties. This is a reduction of 33% in the rate
of sales activity. A simple difference of pro-
portions analysis (comparing the average
annual sales ratios for contaminated and
uncontaminated properties) indicates that
the difference between the two groups is sta-
tistically significant. This provides evidence
that contamination is associated with a sig-
nificant delay in sales activity.

Financing of Contaminated
Commiercial Properties

Twenty commercial properties sold in the
same year or after the BUSTR file date was
initiated. Of these, 30% obtained seller financ-
ing registered with the county auditor at time
of sale, compared with only 13% for all com-
mercial properties sold since 1988. Differences
in these proportions are statistically signifi-
cant, and this substantiates the notion that
owners of contaminated properties have dif-
ficulty accessing their equity in the property,
and suffer from a type of liquidity loss that
further compounds property value loss. These
results are shown in table 3.

Pre- and Post-Remediation

Sales Price Analysis

Because of the variety of commercial prop-
erties (e.g., retail, office, freestanding stores)
and the small number of sales in each type,
regression analyses of these data are not fea-
sible. In addition, in our case resource limi-
tations preclude the possibility of conduct-
ing appraisals of each property and compa-
rable sales. Therefore, the best available tech-
nique is a presale/ postsale comparison. This
technique is a form of matched pairs, where
each sale serves as its own control. That is, a
commercial property is sold, found to be con-
taminated by a LUST, then resold, with no
change to the parcel or substantial alteration
to the physical structure.

Six properties were eligible for the
presale/postsale analysis. Lack of physical
changes were confirmed at the county
auditor’s office. Table 4 shows these results.

Copyright © 1999. All rights reserved.



TABLE 3 Commercial Properties that Sold Afier Contamination was Known o Polluters

Contaminated All Commercial

After File Date 1988-1997 1994-1997
Received
Financing Number Percentage Number Percentage Number Percentage
None Q 450 6,687 59.6 2,663 57.9
Seller 6 30.0 1.452 13.0 521 11.3
Bank 4 20.0 3.057 27.3 1,396 30.4
Other 1 50 16 0.1 16 0.3
Total 20 100.0 11.212 100.0 4,596 100"

Note: Contaminated properties had a significantty higher proportion of seller financing (p = 0.0044) than all commer-
cial properties between 1994 and 1997 and also a significantly higher proportion of seller financing (p = 0.0234) than

alt commercial properties between 1988 and 1997,
* Totals may not add to 100% due to rounding error.

Before adjusting for commercial prop-
erty appreciation trends, five properties ex-
perienced a value loss when sold after con-
tamination became known, and one property
had a small increase. The average diminu-
tion of value was 28%-31% (depending on
how the results are weighted). An even more
realistic measure would also include the ef-
fects of property appreciation trends. Com-
mercial property in Cuyahoga County (as
proxied by the value of the property tax du-
plicate) increased by an annual rate of well
over 4% over the study period. Assuming the
contaminated properties appreciated at only
2% (less than half the county average), all six
properties (as well as the vacant parcel) de-
creased in real value, and the average reduc-
tion was 42%. These results are statistically
significant.

CONCLUSION

Table 5 summarizes the results of this re-
search on the effect of LUSTs from gas sta-
tions on nearby properties that were actu-
ally contaminated. For residential properties,
we found a statistically significant reduction
of up to 14%-16% in observed sales price for
those properties sold after contamination
became known. This does not consider any
effects due to reduced transaction rates or
delayed sale. These results are consistent
with the earlier figure of a 17% reduction in
price for residential sales located in close
proximity to LUSTs with ongoing nuisance
and the potential for future releases.

For commercial properties, we identified
several results. There is a significant reduc-
tion in transaction rates (33% lower) com-

TABLE 4 Commercial Building Sale /Resale Analysis

PPN, Land
Usage, and

Contamination Resale Resale  Sale Sale

Adjusted
Criginal Adjusted Change
Price Original Change at Market

Date Date Value  Date Value Change Change (2% inflation) Rate

01301 4/96  $270000 11/77  $477.000 -$207,000 -43% -61% -82%

Bowling alley 5/90

449-26 12/91 8530000 2/86 $510000  +$20,000 +4% % -36%

Office building 4/91

39607 5/96  $200000 4/78  $225000 -$25,000 -11% -38% -69%

Car wash 4/96

372-18 1/95 $1,110,150 10/85 $1.800000 -$689.850 -38% -49% -66%

Bank 7/90

005-18 11/93 $96550 1/90  $190.000 -$93.450 -49% -52% -58%

Commercial 10/90

14005 3/96 $91.000 5/84  $128,600 -$37.600 -29% -44% -64%

Retail 3/90

Total $2,297.700 $3.330.600 -51,032900 | Average Average Average
-28% -42% -63%
Weighted average: -31%
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TABLE 5 Summary of Resulls

Probability of Reduction in Incidence of
Property Type Transaction Sales Price Seller Financing
Existing residential N/A -14% to -15%" N/A
New higher priced residential N/A -16%" N/A
Commercial Annual rate -28% 10 -42%” Contaminated more

for contamininated
is 33% lower*
(2.7% versus 4.0%)

than twice as
likely to be selier
financed®
(30% versus 11%-13%)

" Statistically significant ot a 95% level of confidence.

pared with uncontaminated properties. Fur-
ther, there is a significant increase (more than
double} in the incidence of seller financing.
This increase indicates a further loss in value
to the owner of contaminated property. For
those properties that did sell, a 30%—40% re-
duction in sales price occurs. These results
are consistent with expected relationships
evident in the literature.

The overall pattern of these results con-
sistently shows evidence of reduction in
price, and {(among commercial properties)
reduced market transaction rates as a result
of delay or other problems as well as diffi-
culty in obtaining financing among proper-
ties that are very likely to be actually con-
taminated. These results and methods can be
generalized to Cuyahoga County and poten-
tially to other areas. In the context of other
studies, these results provide evidence that
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