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Using GIS to Analyze the Relationships between
Open Space and Property Values

I. INTRODUCTION

The conservation of open space will become increasingly important as

populations expand and undeveloped land is converted to urban uses. There are many

benefits derived from open space conservation including protecting and improving water

quality, providing wildlife habitat, maintaining scenic amenities and rural character, and

supplying certain types of recreational opportunities. The objective of this thesis is to

analyze how the benefits of open space affect the value of nearby developed and vacant

residential properties in the Lake Tahoe basin in California.

Why is meeting this objective important? First, it would help answer an

important land use question - are there significant externality effects from open space

conservation? Ignoring this and other values that open spaces provide may lead to an

over-supply of developed properties and an under-supply of protected open space.

Therefore, information from this study will help land use planners, resource managers,

and policy-makers move closer toward making more appropriate land use policy

decisions that may correct these potential market failures. Second, this study addresses

the criticism that acquisition of open space leads to significant losses of regional property

tax revenue. This may not be the case. Any revenue loss associated with decreasing

property tax rolls may be mitigated by increased tax revenue from an increase in the

assessed value of surrounding properties.
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This study applies the hedonic property-pricing model to a relatively rural area,

unlike most open space studies that have concentrated in urban areas. The hedonic model

estimates the value of specific characteristics, including environmental amenities such as

open space, by tracking the change in sales price of properties with different levels of the

characteristics. Using the model, it is possible to derive the marginal implicit prices of

these characteristics, which is defined as the marginal increase in property values that

results from a one unit increase in that particular property characteristic, ceteris paribus.

The hedonic model can be applied to rural areas by modifying the typical urban model

taking into account the specific characteristics of the study area.

Another distinction of this study is that it analyzes open space by type. Open

space, as analyzed in this thesis, is defined as undeveloped public holdings that are

protected, to varying degrees, from future development. In general, there are several

methods used by the public sector to conserve open space: protecting existing

undeveloped public lands, fee-title acquisition of privately held open space, and the

utilization of conservation easements on private lands. All of these types of open space

are found in the Lake Tahoe basin. The types of open space analyzed here are California

Tahoe Conservancy (CTC) conservation easements, California Tahoe Conservancy

acquisition properties, United States Forest Service (USFS)ILake Tahoe Basin

Management Unit (LTBMU) National Forest, USFSILTBMU acquisition properties

authorized by the Santini-Burton Act, and California State Parks. It is expected that there

are differences in the amenities these open spaces generate because of their distinct

physical and management-related characteristics.
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The most noteworthy feature of this study is that it uses a relatively new approach

in defining proximity to open space using regional GIS databases and Arclnfo/Arc View

software. Here, the proximity of open space to a property is characterized by the area of

open space surrounding affected properties. More specifically, the model utilizes a

calculation of open space area within three pre-defined buffers to measure proximity.

The three buffers are 0-100, 100-500, 500-2000 meters. This approach is more

comprehensive than typical distance relationships utilized in most hedonic studies,

especially in an area with such a high concentration of a public good.

The rationale for using area within a buffer rather than distance is that distance to

the nearest environmental amenity only focuses on the one closest amenity while

ignoring other nearby (but further) amenities. For example, assume that Property A is

100 meters from the nearest parcel of open space, but that open space property is isolated

from other open spaces. Further assume that Property B is the same distance from its

nearest open space parcel, but there are several other open spaces located just beyond the

100 meter distance [see Figure 1]. In this example, it is logical to expect that Property B,

which has a greater area of open space in its general proximity, to be more valuable than

the Property A, holding all else constant. Typical distance techniques would have

ignored this relationship. In addition, this type of spatial analysis still allows a form of

distance relationship to be evaluated, by simply varying the distance (buffer) at which the

analysis is performed. In my model, the distance increases from 100 to 500 to 2000

meters. By doing so, it will be demonstrated whether open space only influences

property values in close proximity or if externality effects are found further away.
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STUDY AREA

The study area evaluated in this thesis is the Placer County portion of the Lake

Tahoe basin in California. This heavily forested area is positioned in the northwest

portion of the basin, and is modest in size at approximately 47,000 acres'. On a regional

scale, the Lake Tahoe basin is a significant forest area encompassing Lake Tahoe, and is

divided between the states of California and Nevada. Lake Tahoe itself is the tenth

deepest lake in the world (1,645 feet) and holds more than 39 trillion gallons of water2.

The Sierra Nevada mountain range, formed about 25 million years ago, serves as a

backdrop to the region. Its watersheds are the primary water source for the basin, and the

mountains provide a natural dividing line between the study area and the rest of Placer

County. Non-Native American settlement appeared in the region as a result of gold and

silver discoveries in the mid-i 800's and development continues today. As a result, the

basin has experienced a substantial reduction in environmental quality; there has been a

loss of 75% of its marshlands, 50% of its meadows, and 35% of its riparian areas relative

to historical levels3. However, the basin is still relatively undeveloped as evident by the

substantial amount of public land present: 78% federal government, 7% state/local

government, 15% private4. The fact that there is a substantial quantity of public land

(open space) in the basin may affect peoples' determination of value relative to more

urban areas, but the fact that there is such a diversity of open space makes it an ideal

study area for analyzing different open space types.

This figure represents land area only; Lake Tahoe is excluded.
2

Source: Lake Tahoe Basin Management Unit map (1997).

Source: California Tahoe Conservancy website (www.tahoecons.ca.gov/ctcacc.html)

Source Lake Tahoe Basin Management Unit website (tahoe.ceres.ca.gov/usfs/general_info.html)
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The Placer County portion of the Lake Tahoe basin does not contain any

incorporated cities, but instead is comprised of a number of distinct communities. These

include, but are not limited to, Brockway, King's Beach, Tahoe Vista, Carnelian Bay,

Cedar Flat, Lake Forest, Tahoe City, Sunnyside, Tahoe Pines, Homewood, Chamber's

Lodge, and Tahoma. However, the market data acquired for this study groups all the

observations into six market segments with five being used here: Carnelian Bay,

Homewood, King's Beach, Tahoe City, and Tahoe Vista. Tahoma was excluded because

its boundaries partially fall into El Dorado County, for which there were no GIS data

available. Figure 2 provides a visual representation of the study area, and table 1

summarizes the demographics of these communities.

Table 1: Study Area Demographics

Source: 1990 U.S. Census Data

STUDY OBJECTIVES AND HYPOTHESES

The general objective of this thesis is to characterize the forces driving property

values in the Lake Tahoe basin, in particular the environmental amenities (i.e., open

space) that dominate the landscape. In addition, there is also an interest in evaluating

Cominumtv Population %\ lute
'k With
Degree

Per Capita
Income

# of Housing
tinits

Carnelian Bay 631 100 44 $21,506 1,019

Kings Beach 3,299 85 22 $12,411 2,817

Homewood 271 96 46 $13,646 627

Tahoe City 4,744 98 42 $20,117 6,411

Tahoe Vista 861 87 35 $14,575 636



Figure 2: Study Area
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several specific relationships that may exist between open space and property values.

In order to test these relationships, the following hypotheses have been developed:

Open space, as a whole, has a significant positive influence on surrounding
property values.

There is a decreasing positive impact from open space on surrounding property value
as the spatial interval at which proximity to open space is measured increases.

Different types of open space have significantly different marginal implicit prices.

The positive influence from open space will be smaller on undeveloped land relative
to developed properties.

Open space is valued differently by different communities with greater value evident
in more populous (urban-like) communities.

ORGANIZATION OF THESIS

The following chapter, Literature Review, provides an empirical background on

the subject of open space valuation by discussing pertinent studies written on various

aspects of this topic. The following chapter, Types of Open Space, describes in detail the

characteristics of the open space evaluated in this study. The chapter on Conceptual

Framework discusses more thoroughly the hypotheses presented above and presents their

underlying economic theory. Next, Methodology provides a description of the hedonic

property-pricing model and discusses any associated issues that may be significant here.

The chapter on Procedures details the characteristics of the data and describes the

empirical model used. Results and Analysis presents the statistical output, performs the

appropriate testing procedures needed to analyze the hypotheses, and explains the results

that were derived. Finally, Conclusions are made with recommendations to policy-

makers based on the results attained, and suggestions for future research are presented. A

8



detailed summary of the GIS methodology that was used here can be found in the

appendix.
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II. LITERATURE REVIEW

This chapter discusses previous research and literature on the valuation of open

space and related topics. It is divided into four sections. The first section discusses the

different values of open space and the techniques used to quantify them. The second

section looks at studies, similar to this one, that have utilized GIS in evaluating open

space values. Next, other studies which attempt to estimate the value of open space in a

hedonic context are discussed. All the applicable hedonic studies on open space,

including those using GIS, are detailed in Table 2. The final section examines past

hedonic studies that have focused on land use policy as a means to open space

conservation; these studies are summarized in Table 3.

OPEN SPACE VALUES AND VALUATiON TECHNIQUES

In addition to the value open space provides to nearby properties, there are other

values attributed to keeping land in its natural state. A comprehensive summary of open

space values and their associated valuation technique(s) has been detailed in The

Economic Value of Open Space: A Review and Synthesis, a 1996 Lincoln Institute of

Land Policy research paper and subsequent 1999 journal article in Environmental

Management, written by Charles J. Fausold and Robert J. Liliehoim. The authors

categorize the direct values of open space into market value, enhancement value,

production value, natural systems value, use and non-use value, and intangible values.

Indirect economic impacts on local economies include fiscal impact value, expenditures

from open space-related activities, and impacts from employment and tax revenues. Not

every value listed is associated with every open space type, nor are they quantitatively

10
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additive, and there tends to be overlap between some value types (i.e., non-use values and

intangible values). Understanding al/the values that open space may provide allows for

useful comparisons when speaking about amenity values and the hedonic methodology.

Below is a brief synopsis of each of the direct values listed above.

Market value of open space refers to the sales value of these holdings. In order

to determine value in this context, one must turn to the real estate market and evaluate

actual market transactions for open spaces. This method is most applicable when dealing

with privately held open spaces in areas where open space is the highest and best use of

the land. In urban areas, the market value of open space also contains development

value, which must be separated to get a true measure of its market value.

Enhancement value refers to the phenomenon of open space positively

influencing surrounding property values. This relationship has been well documented

over time by a number of researchers and will be discussed in further detail below. The

key here is that open space provides a variety of benefits to surrounding landowners such

as aesthetic amenities (i.e., a view) and greater accessibility to recreational opportunities.

The enhancement value of open space will be more pronounced in urban areas where

open space is more scarce rather than in rural areas where there is an abundance of open

space with low development risk. The methodology used to measure enhancement value

is the hedonic property-pricing method, which will be used in this thesis.

The production value of open space refers to the ability of open space to

generate commodities that have value in and of themselves. The value of these

conmiodities, such as timber and agricultural products, are directly measured through the

market for these products.



12

The value of open space as a natural system refers to the benefits of a natural

ecosystem realized directly and indirectly by society as a whole. Examples of the way

open space supports ecosystem services include flood control, groundwater recharge,

air/water pollution abatement, etc. One approach used to quantify these benefits is to

calculate the cost of damages incurred if open space was not present or conversely the

cost to build the infrastructure needed to replace the functions provided by open spaces.

One concern with this approach is the selection of an appropriate discount rate in

determining costs and benefits over time.

As the name suggests, the use-value of open space refers to those benefits derived

from the actual utilization of open space. Examples include hunting, fishing, hiking, or

simply reading books on open space-related resources or activities. Since open space is

commonly a public good, there is a subjective nature to this type of value. Economists

measure this use-value by estimating the consumer surplus associated with these

activities. Consumer surplus is defined as the maximum dollar amount above the actual

market price that a consumer would be willing to pay to enjoy a good or service. The

methods used to measure consumer surplus are the travel cost method (TCM) and

contingent valuation (CV). TCM uses consumer expenditures for open space access as a

proxy of value while CV creates hypothetical markets for open space that consumers

respond to in order to estimate value.

Non-use value refers the benefits derived by individuals from the mere presence

of open space. It typically has two components: option value and existence value.

Option value represents the benefits from having these properties available for future use
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while existence value reflects the willingness-to-pay to know these resources simply

exist. The only methodology applicable to non-use vales is contingent valuation (CV).

Open space has also been characterized as possessing intangible values.

Examples of intangible values are scientific, aesthetic, genetic diversity, historical,

cultural, and religious values. Though similar to non-use values, intangible values have a

more philosophical nature to them. These values have their roots in questions like

whether open space has a right to exist and whether resources are meant to be exploited.

In addition, it is difficult to express intangible values in economic terms. As a result,

there is there is no methodology used to measure them.

THE ROLE OF GIS IN HEDONIC OPEN SPACE STUDiES

Accurate spatial analysis is an important aspect of valuing open space. Use of

Geographic Information Systems (GIS) allows better measures of the proximity of

properties to various attributes, including environmental amenities. Clapp, Rodriguez

and TIirall (1997) discuss the benefits of using GIS in urban economic analysis, which

include improved accuracy, geocoding, the ability to measure travel distances, and the

ability to implement spatially autoregressive (SAR) models. The following articles are

especially pertinent to this thesis in that they use GIS and hedonics to derive a value for

open space.

Geoghegan, et al. (1997) use GIS in the hedonic framework to evaluate the effect

of the ecological landscape on property values in the Patuxent Watershed area in Central

Maryland. The authors focus on landscape diversity, which measures the extent to which

landscape is dominated by a few or many uses, and landscape fragmentation, which

measures potential loss of function of land use because of decreased size or loss of



Table 2: Summary of Hedonic Studies on Open Space

Author
(Year)

Functional
Form Variable(s) of Interest Coefficient T-Stat R2 Significance

Marginal
Implicit Price

'Geoghegan,
et al. (1997)

Log-log
(open space variables

left linear)

% open space within .1KM

% open space within 1KM

.0189

-0.034

2.66

-5.34
0.4744

Yes (.05 level)

Yes (.05 level)

--
2Powe et al.
(1997)

Log-linear
(LN woodland index)

LN Woodland Access Index 0.0461 7.8 0.81 Yes (.05 level) 543 pounds (at all
average levels)

3Correll, et al. Linear Walking distance to nearest $4.20 (for every
(1978) greenbelt (in feet)

-4.20 - 0.91 Yes (.05 level) foot closer to
greenbelt)

4Tyrvainen

Distance to nearest wooded
recreation area

-0.016 -1.896 Yes (.10 level) -
(1997)

Log-linear Distance to nearest forested area 0.146 3.39 0.65 1 Yes (.05 level) -
Relative % of forested area in
housing district 0.003 3.291 Yes (.05 level) -

Chesire and
Sheppard
(1995)

Box-Cox
% accessible open space within 1
KM .005600 1.710

N/A

50 pounds per%
point on margin

% inaccessible open space within
1 KM .005962 3.605 ? 101 pounds per %

point on margin



Table 2: Summary of Hedonic Studies on Open Space (Continued)

Author
(Year)

!unctional
Form Variable(s) of Interest Coefficient T-Stat R2 Significance

Marginal
Implicit Price

% forest within .25 miles -.36251E-5 0.12387
0.7297

No - $24
At least 30% forest within 1 mile .002361 1.67 13 Yes (.10 level) $33,477

6Curtis (1993) Box-Cox
Transformation

At least 30% forest within 1 mile

At least 15% forest within .25
miles

.26748E-2

.34871

1.8138

1.7248
0.7377

Yes (.05 level)

Yes (.05 level)

$17,546

$22,874

At least 25% forest within 1 mile .1 3408E-5 1.6424 0.7446 Yes (.10 level) $11,589

7Siderelis and
Perrygo (1996) Linear Amount of property adjacent to

shoreline (in feet) 0.64 2.096 .85 Yes (.05 level)
$0.64 increase in
annual rent per

linear foot

8Man (1996) Log-linear
(LN distance

variables)

Size of nearest wetland

LN Distance to nearest wetland
0.000199

-0.0187789

5.08

-7.36
.76

Yes (.01 level)

Yes (.01 level)

$24.39

$436 (per 1000 ft.)

Jr. and Linear LN Distance to waterfront -1,770 - Yes (.01 level)
Pollakowskj
(1997)

(selected log
independent
variables)

LN Size of nearest setback (open
space)

1,230
0.84

Yes (.05 level) $850 increase for
living near 200 ft
setback vs. 100 ft
setback.

'°Earhardt Linear

Adjacent to open space land
feature vs. no feature

-15,407 - No -$15,407

(1998) Adjacent to forest vs. open field 41,923 - Yes (.01 level) $41,923



Table 2: Summary of Hedonic Studies on Open Space (Continued)

GIS analysis used.
GIS analysis used. Functional form used based on linear Box-Cox results.
This study also provided results for three separate neighborhoods; they displayed conflicting results.
Distance measurements were made in units of 100 meters and measured using traveling distance. The dependent variable was measured as price per square
meter. Linear results are not included in the table.
Maximum likelihood techniques used here. Results are from the model specification using all available variables.
Only selected results from the various models are presented.
Linear functional form based on Box-Cox analysis. Dependent variable equals annualized rental stream. Only lakeshore homes analyzed.
Unpublished paper (submitted to Land Economics).
Setback (open space) size measured by its width. Due to heteroskedasticity, all observations weighted by 1/living area.
The hedonic analysis is only one aspect of an attempt to combine revealed and stated preference methods.
Semi-log functional form is based on Box-Cox results. Focus of research is on effect from highway noise. Park variable is only included in one of three
models representing different study areas.
Model with all parks combined.

Author
(\cai)

"Palmquist

lufletioflal
ot iii

Semi-log

Variabfr(sof hitet-es-t

Distance to nearest park

coeffluent

-.1 603E-02

I Stat

1.962

R2

0.90

Sign;hcane

Yes (?level)

Marginal
Imphuit Pi ice

-
'2Weicher and
Zerbst (1973) Linear

Adjacent-faces park

Adjacent-backs up to park

Adjacent-faces heavy-
recreation or park building

3,434

-1,030

-1,057
- 0.657

Yes (? level)

Yes (? level)

Yes (? level)

$3,434

- $1,030

- $1,057

2

3

4

5

6

7

8

9

10

II

12
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interior. Included in their model are proximity measures for open space, which is defined

as land devoted to forestry or agriculture. Similar to the approach used here, the authors

measure open space proximity as amount of open space within certain pre-defined

buffers. In their study, two buffers are used, a percentage of land use within a .1 KM and

1 KM. Their results provide interesting insight into the role of open space on property

values. For the smaller buffer, the marginal contribution of open space is positive and

significant. However, for the larger buffer, the open space variable is negative and

significant. None of the spatial landscape indices are individually significant. Their

explanation for the reversal in signs of the open space variables is that the study area does

not possess the characteristics of a well-defined market. Instead, it is characterized as

having sliding boundaries from a urban center (Washington DC) to outlying rural areas (a

30-mile range is used). And since the amount of open space within the larger 1 KM

buffer is positively correlated with these rural areas, which tend to have lower relative

property values, the 1 KM variable has a negative coefficient. As a result, they estimated

a second model, called the spatial expansion model, where the parameters vary linearly

and quadratically with distance from Washington DC. In this model, the landscape

indices variables become significant, but the open space variables showed conflicting

results. Open space within the smaller buffer became insignificant at all three measures

(no interaction with distance and varying linearly and quadratically with distance to

Washington DC). At the larger buffer, the estimates remained negative and significant in

its original form, turned positive and significant when it varied linearly with distance, and

was negative and insignificant when varying quadratically. Overall, the low R-squared
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and unstable estimates of the models suggest that these results should be interpreted with

caution.

Powe, et al. (1997) also use GIS in a hedonic model to estimate the benefits of

woodland access in the New Forest area of Britain. In their discussion, it was noted that

Price (1995) suggests that it is difficult to estimate a monetary value for landscape

features using the hedonic method since the aesthetic value of a landscape is based on a

range of features, some of which cannot be measured objectively, and the effect of these

features cannot be separated because of the interdependence of a much larger set of

features that create an aesthetically pleasing landscape. This is going to be true for

almost any study on open space, making research in this field difficult. In response to

Price's argument, the authors attempted to concentrate on the benefits of woodland

access, not landscape. A woodland access index was created, which equaled: Z

(area1/distance,2) for each woodland in the study area. The results show that there is a

strong positive and significant relation between property values and access to woodlands.

On the margin, it was calculated that an additional unit increase in index value (roughly

equivalent to planting an additional hectare of woodland within 100 M of a house) would

result in a 543 pound increase in house price.

Finally, Mahan (1996), used GIS in his analysis of an open space-related

amenityurban wetlands in the Portland, Oregon metropolitan area. GIS provided data

on distance to and size of nearest wetland. It also allowed neighborhood characteristics,

such as distance to central business district (CBD) and commercial/industrial zones, to be

calculated accurately. Results using a log-linear functional form (except in distance

variables, where the natural logarithm was used) indicate that distance to nearest wetland



and size of that wetland do significantly influence property values positively. The

marginal implicit price of increasing the nearest wetland size by one acre is $24.39; for

reducing the distance to the nearest wetland by 1,000 feet, the marginal implicit price is

$436.17. Similar to this thesis, an attempt was made to discern the effects of wetland

types. Results were mixed, in that the variables representing distance to each type of

wetland, had a negative coefficient and only about half of these variables were

statistically significant.

OTHER HEDONIC STUDIES ON OPEN SPACE

A recent study by Tyrvainen (1997) examines the effect of urban forest amenities

in Finland on local apartment values. The region is characterized by an abundant amount

of forestland (34 percent of the town area) and numerous bodies of water. One aspect of

hedonic models, which the author attempts to address, is the selection of environmental

variables that properly represent the manner in which individuals perceive their

environment. The three variables selected are distance to nearest wooded recreation area

(in units of 100 M), distance to nearest forested area (in units of 100 M), and the relative

percentage of forested area (green space) in a housing district. The results indicate that

some forest amenities do positively influence property values. Distance to nearest

wooded recreation area and percentage of green space have the expected sign and are

significant at the .10 and .05 levels respectively. However, distance to nearest forested

area had a positive coefficient (negative influence) and was significant. This was

explained by the fact that mature forest stands in close proximity to apartments cannot be

appreciated in regions that lack daylight, and because there was no measurement of view.

One final note, the model used linear measures of inherently non-linear distance
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variables. This shortcoming is noted and the author concludes that the effects of urban

forest are non-linear rather than linear; a non-linear model was not presented.

Chesire and Sheppard (1995) evaluate the role of amenities in determining

housing prices in the UK. The authors focus on open space and the issue of accessibility.

Two amenity variables are created: percent of land in accessible and inaccessible open

space within a 1 KM Ordnance Survey square. Inaccessible open space is characterized

as intensively farmed land and woodland, while accessible open space represents areas

such as public parks. Again, similar to this thesis and Geoghegan, et al. (1997), their

study uses a pre-defined buffer distance (1 KM square) in which to measure proximity

However, only one buffer distance (1 KM) is used here. Results using maximum

likelihood estimation and a Box-Cox functional form indicate that both open space

variables are positive and appear to be significant (significance was not clearly discussed

in the paper). Specifically, an additional percent of accessible open space land has a

capitalized hedonic price of 50 pounds compared to 101 pounds for closed land

amenities.

The greenbelt acquisition program in Boulder, CO was analyzed by Correll,

Lillydahi, and Singell (1978). Their hypothesis that residential property values decline

with distance from a greenbelt is supported. The aggregate model indicates that there is a

$4.20 decrease in property values for every foot one moves away from the greenbelt.

However, when the model is broken down by the three affected communities, there are

conflicting results; only one community had the expected sign and was significant. It is

believed the positive amenity benefits of open space have a greater impact to those

communities with long established greenbelts. The reasons for this is that it usually takes
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a period of time for private developers and city planners to fully integrate these open

spaces into local neighborhoods. In terms of fiscal impact, it was determined that the

potential property tax revenue increase from this program exceeds the cost of the

acquisitions by 3 to 5 times using discount rates of 10% and 5% respectively.

Curtis (1993) focuses on three counties in the state of Maryland (Baltimore,

Carroll, and Howard), where there have been past efforts to establish a comprehensive

growth plan to preserve open space. In her study, open space is characterized as both

forest land and agricultural land. Models were estimated for each of three counties using

a Box-Cox transformation. Proximity to open space was mainly measured by numerous

discrete variables (i.e., at least 10% forest area within one-mile radius), and model

specification(s) were based upon those variables that minimized the error sum of squares.

Empirical results varied from a $33,447 marginal impact for at least 30% forest within

one-mile in Baltimore County to a $11,589 marginal impact for at least 25% forest within

one-mile in Howard County. The few continuous variables that were included in some

models consistently yielded insignificant results. The explanation here is that a small,

marginal change in open space will not significantly alter the congestion in a community,

provide a view, etc.

Several other articles are worth mentioning. Palmquist (1992), in his attempt to

isolate the effect of highway noise in Washington state, found that decreasing distance to

the nearest park positively influences property values. Similar results were found for

Ohio public parks by Weicher and Zerbst (1973), except in areas where the property

backs onto the park or when it faces an area of heavy recreational use. Water-orientated

open space has been studied extensively. Research performed by Brown and
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Pollakowski (1977) in Seattle indicates that decreasing distance to the waterfront

increases property values. Furthermore, the research found that the size of the nearest

setback (open space land adjoining the waterfront) also has an beneficial effecta home

located in an area close to a 200 foot wide setback will sell for about $850 more than a

comparable residence located near one that is 100 feet wide. Focusing more on the water

resource itself, Sideralis, and Perrygo (1996) analyzed waterfront properties in North

Carolina and found that increased size of associated shoreline increased the average

annual rental price by $.64 per linear foot. Finally, Earnhart (1998) combined stated

preference and revealed preference methods to value benefits generated by environmental

policies in Fairfield, Connecticut. In his approach, a hedonic regression of revealed data

suggest that adjacent water-related open spaces have a substantially greater effect on

property values relative to no water feature; there was no difference between adjacent

land features and no feature. In addition, the results indicate that adjacent forestland

prompts higher house prices relative to adjacent open fields, on the order of $41,432.

HEDONIC STUDIES ON LAND USE POLICY

Land use policy is a broad term representing the manner in which both public and

private lands are regulated and managed. There are many tools available to land use

planners, many of which can be used to conserve open space. Hedonic studies that

analyze land use policy usually concentrate on one of these policy instruments, such as

zoning, growth boundaries, etc. A brief discussion of the several techniques evaluated in

the literature is found below and summarized in Table 3.

The theoretical effects from implementing land use constraints is fairly

straightforward. Consider an open city model with an urban and rural region, where



Table 3: Summary of Hedonic Studies on Land Use Policy

Author
(Year)

Functional
Form Variable(s) of Interest Coefficient T-Stat R2 Significance

Marginal
Implicit Price

NonUrban*UGB -.980 / -.645 4.10 / 2.50 Yes (.01)/ Yes (.01) -
1Knaap (1985) Double-log

NonUrban*JGB -.005 / -.064 0.03 /0.28 .812 / .787
No / No -

Urban*IGB -.944 / -.258 5.57 / 0.78 Yes / No -
Location within UGB (DV) 3,877 - .33 Yes (.01 level)
Presence of greenbelt zoning -1,649 - Yes (.10 level)

2Nelson (1986) Linear Distance from UGB (rural)
Distance from UGB2 (rural)

280.95
-1.61

-- 53
Yes (.01 level)
Yes (.01 level)

See discussion

Distance from UGB (urban)
Distance from UGB2 (urban)

-150.29
2.97

-- .62
Yes (.10 level)
Yes (.05 level)

CGAC 647 1.3 No $ 647

3Frech
COASTO.5 1538 4.8 Yes (?) $ 1,538

and Linear COASTI.5 834 2.7 .825 Yes (?) $ 834Lafferty (1984) COAST3.5 528 2.7 Yes (?) $ 528
COAST7.5 823 4.7 Yes (?) $ 823
COAST13.O 907 4.6 Yes (?) $ 907

Katz and
Log-linear

(with selected
Housing unit located in
jurisdiction with formal

Rosen (1987) quadratic
terms)

growth-management plan
(dummy variable)

.173 9.44 .750 Yes (.05 level) -



Table 3: Summary of Hedonic Studies on Land Use Policy (Continued)

1

Regressions were performed for two county sub-markets: Washington and Clackamas Counties. Urban/rural designation is based on zoning. UGB = Urban
growth boundary; 1GB = Intermediate growth boundary

2
Study was conducted on vacant urban residential and rural landparcels. Urban/rural designation is based on location in relation to UGB. Greenbelt zoningonly existed outside the UGB. DV=dummy variable.
CGAC=Interaction between %agriculture, location in coastal zone, and sale after Commission's existence. COAST variables represent sale after
Commission's existence and location in pre-defined distance zone.'
Analyzed also are separate models for the controlled and uncontrolled subsets; these models also display significant results.
Only significant results reported. Study was conducted for additional land-use zones and over additional communities.

6 Restrictions include requiring underground utilities, no signs allowed, required maintenance, no pre-built structures, no storage, number/type of animals,
parking, no drilling, no dumping, in addition to enforcement criteria.

Author Functional Marginal
(Year) Form Variable(s) of Interest Coefficient T-Stat R2 Significance Implicit Price

Dist2 to Industrial Zone -0.00074 -1.5 .88 Yes (.01 level) -
5Grether and Log-linear Dist2 to Public Housing Zone -0.0053 2.7 .80 Yes (.01 level) -
Mieszkowskj (with selected Dist2 to Pt. Commercial Zone -0.14 1.4 .79 Yes (.01 level) -
(1980) quadratic

terms) Dist2 to Public Housing
Zone 2

-0.028 0.9 .80 Yes (.05 level) -
Dist2 to Apartment Zone 0.075 -1.9 .70 Yes (.05 level) -

6Hughes and
Turnbull (1996)

Log-linear Deed restriction index .021 - .683 Yes (.05 level) -
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development has been restricted in the outer rural region. First, homeowners in the rural

area should experience a positive externality as housing prices are bid up to reflect the

scarcity of housing with a high endowment of open space. Second, urban landowners

(both developed and undeveloped) on the urban/rural fringe will likewise capitalize on

the amenity benefits from nearby open space. Third, undeveloped landowners in the

rural area where the restriction have been imposed will experience a negative externality

because of the land's reduced development value. Finally, undeveloped landowners in

the urban area should experience a positive price effect as a result of supply side effects.

Much of the literature supports this theory.

One tool used by land use planners are urban growth boundaries (UGB). UGBs

restrict urban development to take place within a designated boundary. Land outside the

boundary, usually some type of open space, is protected up to some specified point in

time. The effect of UGBs on property values has been studied extensively in Oregon,

where the Land Conservation and Development Commission (LCDC), created in 1973,

requires most cities and towns to specify a UGB. Knaap (1985) studied the effect of

UGBs on vacant urban and non-urban residential properties in the metropolitan Portland

area. Here, the distinction between urban and non-urban land is based on zoning

designation (i.e., housing density, minimum lot size). As expected, he found that urban

land is more valuable than non-urban land, but the results were only significant in one of

the two county sub-markets. Results also strongly indicated that non-urban land inside

the UGB is valued relatively higher than the same land outside of it, which supports

theory. Urban land did not exist outside the UGB to be analyzed. Knaap also analyzed

Intermediate Growth Boundaries (IGBs), which can be perceived as a UGB within a
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UGB. In general, results were similar to the effects of UGBs on non-urban properties.

IGBs had no effect on urban properties. Difference in results between the two counties

were attributed to differences in policy flexibility and enforcement.

Nelson (1986) studies the effect of UGBs in Salem, Oregon where a UGB policy

has existed since in 1974. His research focuses on the role distance to the UGB plays in

determining property values. On a regional level, results indicate a significant gap

between land values inside versus outside the UGB. Being inside the boundary increases

land value by nearly $3,900 per acre. In addition, the designation of greenbelt zoning

negatively influences property values, as expected. The differences between rural and

urban properties was also analyzed in north Salem (the distinction being based on

location relative to the UGB, not zoning). As for the rural sub-market located outside the

UGB, it was found that land values increased by $2,650 per acre at a distance of 1,000

feet from the UGB. This trend continues up to a point (17,500 feet), but eventually

decreases. The rationale here is that a buffer from urban development is desirable, but

eventually the lower speculative value of land outweighs the decreasing benefits. In the

urban sub-market, value of land near the UGB is more valuable, approximately $1,200 as

compared to properties 1,000 feet away. In other words, proximity to privately held

greenbelt land (available only outside the UGB) appears to provide amenity benefits to

urban residents as theory would suggest.

Frech and Lafferty (1984) use hedonic methodology to analyze the effect of the

introduction of the California Coastal Commission on the price of single family housing

in the southern Santa Barbara area. The Commission was given final veto power over all

developments within 1,000 yards of the mean high tide line. The authors aimed to
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measure the effect of Commission-related externalities (i.e., protected coastal land). It

was anticipated that any such effects would decline as the distance from the coastal zone

increases. Their results were conflicting. They found that the effect of very local

externalities (i.e., those affecting properties within the coastal zone) was weak; this was

attributed to the manner in which this variable was defined. However, there was

evidence that positive externality effects do exist. The effect on the price of homes sold

after the Commission's establishment and near the coastal zone (up to .05 miles)

experienced a $1,500 increase in value, which tended to decrease with distance from

coast.



III. TYPES OF OPEN SPACE

Open space dominates the Lake Tahoe basin landscape. Approximately 85% of

the basin is publicly-owned, the majority of which is protected open space. The open

space found in the region is heterogeneous in terms of size, landscape, and also

management. This study focuses on five types of open space: California Tahoe

Conservancy (CTC) conservation easements, California Tahoe Conservancy fee-title

holdings, United Stated Forest Service (USFS)/Lake Tahoe Basin Management Unit

(LTBMU) National Forest, USFS/LTBMU fee-title holdings authorized by the Santini-

Burton Act, and California State Parks. These properties, described in detail below,

represent the majority of open space found in the region.

CALIFORNIA TAHOE CONSERVANCY CONSERVATION EASEMENTS

In general, a conservation easement is an enforceable legal mechanism that

acquires certain specified property rights, thereby placing restrictions and/or requirements

on a property's future use, while still allowing the landowner to retain title. Conservation

easements come in many forms: temporary or permanent, purchased or donated, partial or

complete (in terms of land coverage), and the types of restrictions/requirements that may

be implemented are practically unlimited. However, the most common example of a

conservation easement is a restriction on the right to ever develop a particular property.

To help preserve the region's resources, the State of California, through the

California Tahoe Conservancy (CTC), has implemented the use of conservation

easements to protect open space in the Lake Tahoe basin. The CTC is an independent,

non-regulatory, State agency within the Resources Agency of California established by
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State law in 1984 (Chapter 1239, Statutes of 1984). The primary objectives of the CTC

are "to protect the natural environment of the basin, with priority placed on preserving

the exceptional clarity and quality of the waters of Lake Tahoe, to increase public access

and recreation opportunities for visitors of the lake, and to preserve and enhance the

broad diversity of wildlife habitat in the basin".5 The primary source of funding for CTC

projects aimed at meeting these objectives come from the Lake Tahoe Acquisitions Bond

Act of 1982. This money has been used to purchase the easements held by the CTC,

which are the most common type - they acquire the development rights to targeted

properties in perpetuity.

The management of conservation easements is straightforward. The CTC restricts

development, thereby fostering the basic relationship between open space and

environmental improvement. The reason for this limited style of management is that the

parcel is still owned by the landowner. As a result, activity on these parcels depends

greatly on each individual landowner. Moreover, the CTC does not usually acquire

public access easements on these properties, therefore the possibility of public recreation

is limited.

Since its creation in 1984, the CTC has acquired approximately 168 easements in

the Placer County portion of the Tahoe basin. Of these properties, 39 were not mapped in

the initial GIS data set. The GIS coverage was created informally for the CTC from a

digitized parcel map with errors, and hence, there is an approximate 10 percent error rate

in the CTC data layers (easements and ownership). Another thirteen easements were

excluded because they were obtained after 1993, the start of the study timeframe, and

Source: California Tahoe Conservancy website (www.tahoecons.ca.gov/prograrns/programs.htmj)



hence would not be able to have an influence on properties selling before their

designation as easements. As a result, the total number of conservation easements

analyzed for the purposes of this study is 116. These 116 conservation easements,

covering 66 acres, were mapped into a new GIS coverage which was used in the spatial

analysis.

CALiFORNiA TAHOE CONSERVANCYACQUJSITJON PROPERTIES

The CTC has also pursued a vigorous acquisition program in the Lake Tahoe

basin to protect open space. The procedure for acquiring fee-title holdings is similar to

those used for acquiring conservation easements, however, in these cases, a full 100% of

the appraised value is offered to landowners.

The management guidelines for the CTC's fee-title holdings are similar to those

applied to conservation easements; these parcels are managed for the preservation of

open space as a means of benefiting the environment. However, since these properties

are held in fee-title ownership, there is the opportunity for more active management.

Most notably, there have been approximately 35 public access / recreation projects

implemented on CTC lands with expenditures of $22.9 million since its inception. In

addition, various wildlife enhancement and erosion control projects have improved the

environmental conditions on these open spaces. With these added features, it may be that

there are more benefits generated from CTC-owned properties than from conservation

easements.

The CTC has acquired fee-title ownership to approximately 1,400 parcels in the

study area. Again, because of the errors in the original GIS data set, 170 lots were

unmapped. The same process of excluding post-1993 acquisitions was applied here,
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thereby eliminating an additional 95 properties. Overall, 1142 CTC-owned parcels,

totaling roughly 3,500 acres, were ultimately mapped into the GIS coverage used in the

spatial analysis.

The CTC must decide whether to pursue a conservation easement or purchase

targeted properties. There are several factors to consider. First, there are certain policy

restrictions that prevent the CTC from purchasing a property. For example, it is

California's policy not to own properties that are subject to certain fees/taxes (i.e.,

Homeowners Association fees, neighborhood taxes, etc.). Second, there are financial

differences between the two approaches. Conservation easements are usually purchased

at below fair market value (approximately 95%) while acquisition lots are purchased at

full value. The difference here appears minimal, but on expensive properties, this

difference can still be significant. Next, the CTC has to take into consideration the

landowner in this process. The landowner ultimately decides what he/she will do with

their land. Some landowners may not be willing to relinquish title to their properties, and

hence the CTC's only option is the use of the easements. This is often the case when the

landowner owns an adjacent parcel(s) and wants to retain title so the lot may serve as a

"backyard" while still receiving compensation.

LAKE TAHOE BASIN MANAGEMENT UNIT (USFS) NATiONAL FOREST

The United States Forest Service created the Lake Tahoe Basin Management Unit

(LTBMU) in 1973 to protect Lake Tahoe's water quality by specially managing the

national forest lands surrounding the lake. LTBMU jurisdiction encompasses two states

(California and Nevada) and five counties (Placer, El Dorado, Washoe, Carson, and

Douglas). In Placer County, LTBMU jurisdiction serves as the boundary between the
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study area and the rest of Placer County. As a result, other USFS National Forest lands

are not included in this study.

Although LTBMU National Forest is often perceived as one property, it is

officially divided into 132 separate, but often contiguous parcels, totaling approximately

145,000 acres. Roughly 20% of this figure falls into the study area. All National Forest

was established before the beginning of the study timeframe, so no land was excluded on

the basis of being a post- 1993 created open space.

In 1988, the U.S. Forest Service developed a comprehensive Land and Resource

Management Plan for the LTBMU National Forest surrounding Lake Tahoe. The Plan

contains guidelines for managing the LTBMU for a 10-15 year timeframe. In general,

the mission of the Plan is "to manage, protect, and enhance the environment of this

national treasure for the benefit of the people". Further, it aims to protect and enhance

the environmental and recreational benefits provided by the LTBMU while providing for

modest levels of other uses. Overall, the goals of the Forest Plan are the protection of

water quality of Lake Tahoe and its tributaries and streams; protection of threatened and

endangered plants and animals; preservation of cultural resources; achievement of air

quality standards for health and visibility and to prevent the adverse impacts of

atmospheric decomposition on water quality; maintenance of viable populations of

wildlife and fish; achievement of diverse vegetation communities; establishment and

maintenance of outdoor recreation facilities; treatment of timber stands to maintain health

and diversity of the vegetation and to provide for the safety of people and property; the

grazing of livestock; and the management of mineral resources (U.S. Forest Service,

1 988a). Other features of the Plan include the establishment of 13 specific management



prescriptions, 57 specific management practices, 21 management areas, and a

comprehensive monitoring program.

USFS SANTINI-BURTON A CT ACQUISITION PROPERTIES

In response to degrading environmental quality in the Tahoe basin, the Santini-

Burton Act (PL 96-586) was passed by Congress in 1980. There are three major

provisions of the Act; (1) acquire environmentally sensitive lands; (2) restore watersheds

on acquired National Forest Systems lands; and (3) administer erosion control grants to

units of local governments. The first provision established the Forest Service's

acquisition program in the basin. This program, which is very similar to that of the

California Tahoe Conservancy, also targets properties critical to environmental health. In

general, the acquired properties are typically less than a ½ acre in size and usually located

within established subdivisions scattered among private lots. Overall, the USFS has

acquired approximately 3,500 parcels totaling 11,000 acres throughout the basin at a

value of $94 million dollars6.

Santini-Burton acquisition properties are managed directly by the USFS.

Common activities on these lots include tree and brush thinning, dead and dying tree

removal, property boundary location and trespass resolution, and watershed restoration.

Santini-Burton lots are open for public access (no camping), and thus not allowed to be

fenced. In addition, it is illegal to use them as dumping and/or storage areas, and are not

open to firewood cutting.

In the Placer County, there has been approximately 366 parcels acquired through

this program. Sixteen of these parcels were acquired after 1993 and thus excluded from
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the study. The remaining 350 lots, totaling approximately 2,600 acres, were subsequently

mapped into the GIS coverage used in the spatial analysis.

CALIFORNIA STATE PARKS

The California State Park system is administered by the California Department of

Parks and Recreation. It is comprised of 250 holdings, which serve as a significant

source of protected open space in the state. Similar to National Forest lands, these

holdings are often larger than the acquisition lots mentioned above, which makes them

more influential in the areas of wildlife habitat preservation and recreation.

The State Park system is managed for a variety of purposes, although recreation is

a prominent focus. As a result, most state parks offer camping facilities, marked trails,

and fishing and swimming opportunities.

Of the 250 holdings state-wide, 8 are located in the Lake Tahoe basin and

managed by the Siena District of the Department. Four of these holdings are located

entirely in the Placer County portion of the basin; they are: Burton Creek State Park,

Tahoe State Recreation Area, Ward Creek State Park, and Kings Beach State Recreation

Area. However, Kings Beach State Recreation Area, even though it owned by the State

of California, is managed by local public utility districts (PUD). Hence, it is omitted

from this analysis since management effects are an integral part of this study. Even

though the number of State Park holdings analyzed here is small, they do contribute

significantly to the amount of open space found there (2,103 acres).

One open space type that was omitted from this study are local PUD holdings.

PUD holdings that constitute protected open space are typically properties such as

6 Source: USDA! LTBMU website (www.fs.fed.us/r5/tahoe/graphics/land/land.urban)



community parks and lakeside beaches. The amount of open space represented here is

relatively small, but its management appears to be the type that can positively influence

property values. Every effort was made to include this open space type in the study.

However, there were no GIS data for PUD holdings so these properties were excluded

from the analysis.
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IV. CONCEPTUAL FRAMEWORK

The hypotheses presented in the Introduction of this thesis have their foundation

in both economic theory and real-world applications. Theory was used as a starting point

to formulate expectations from the model, but these expectations were adapted taking

into account the specific characteristics of this project. This chapter lists and explains the

rationale behind each hypothesis in this study.

HYPOTHESIS #1: Open space, as a whole, has a significant positive influence on

surrounding property valueThere are several forces at work here. The first is simple

supply and demand. Economic theory suggests that a decrease in the supply of

developable land in the region will lead to an increase in price (value) of developable and

developed properties holding all other variables constant. This phenomenon, known as

scarcity rent, depends directly on the amount of land which is still available for

development. In areas with a substantial amount of protected open space and strict land

use regulations, such as the case in the Tahoe basin, the quantity of developable land is

relatively low, and hence supply-side restrictions can be significant.

The main reason why property values may rise with closer proximity to open

space is the amenity values that are attached to these properties. Amenity value is the

value realized from experiencing particular characteristics of surrounding objects. There

are several reasons why open space is considered by most to be an amenity. First, open

spaces are often aesthetically pleasing. Second, areas associated with open space may be

relatively quieter than other areas, a desired characteristic by most property owners.

Finally, close proximity to open space can provide greater access to recreational
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opportunities (i.e., hiking, fishing, wildlife viewing, etc.). Overall, the amenity value of

open space can provide a significant quasi-public benefit to communities that surround it.

HYPOTHESIS #2: There is a decreasing positive impact from open space on

surrounding property values as the spatial interval at which proximity to open

space is measured increasesIf we assume that open space does indeed provide

amenity benefits to surrounding properties, then it is reasonable to believe that these

benefits will be more significant at closer proximities. To begin with, one key amenity

value provided by open space, a view, is typically only available for very close open

spaces, such as adjacent lots. Another reason supporting this hypothesis is that

accessibility to open spaces is greater at closer distances thereby increasing the

opportunity to experience their direct use-value (i.e., recreation).

HYPOTHESIS #3: Different types of open space have significantly different

marginal implicit pricesThis study evaluates six different types of open space. The

six types differ in their management and the conservation security they provide. For

example, the California State Park system manages their holdings with the goal of

providing recreational access to its visitors while the focus of CTC holdings is to improve

the water quality in the region. In fact, all the open spaces examined here are unique in

some respect or another. For this reason, I believe that the values that are placed on these

open spaces, as demonstrated through property values, are also unique. It is not

completely clear, a priori, which types of properties have greater amenities, but it is

hypothesized that there will be significant differences.
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HYPOTHESIS #4: The positive influence from open space will be smaller on

undeveloped land relative to developed propertiesThe presence of significant

amounts of open space in a particular area may lead to the future implementation of

stricter land-use regulations in that same area. Examples of land use restrictions include

stricter zoning laws, more stringent building permit requirement, decreased allowable

coverage area, etc. The result of stricter land-use regulations is that the speculative value

of undeveloped properties decreases because their development potential falls. The main

reason why the implementation of stricter regulations is more likely to occur in areas with

relatively greater amounts of protected open space is that land-use planners tend to

promote stricter regulations in areas of environmental sensitivity, and the presence of

protected open-space is often a characteristic of environmental sensitivity. Another point

to consider here is that many amenity benefits, such as a view, generated by open space

only accrue to neighboring landowners that are present to experience them. Therefore,

there may be a reduced premium paid for proximity to open space by prospective

landowners who do not intend to immediately develop the property. On the other hand,

open space should drive up undeveloped property values because of the potential for

future amenity benefits and supply-side forces. However, these phenomena apply to both

undeveloped and developed properties so no relative differences would arise.

HYPOTHESIS #5: Open space is valued differently by different communities with

greater value evident in more populous (urban-like) communitiesAlthough none of

the communities are urban in its strict sense, some of them display more urban-like

characteristics than others. These characteristics include, but are not limited to,

population, housing density, traffic, noise, etc. Differences along these lines are
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hypothesized to affect the manner in which open space influences property values.

Similar to the first hypothesis, this hypothesis has its foundation in supply/demand

theory. The supply of open space, and thus all of the amenities associated with it, is

lower in more populous (urban-like) communities relative to undeveloped areas. As a

result, there is upward pressure on the price or value of these amenities in these areas.

This translates into higher prices of the properties that can supply these urban amenities.

Conversely, in undeveloped areas, the presence of protected open space may still be

considered an amenity, but the abundant regional open space may make it difficult to

differentiate property values on the basis of proximity to open space at close intervals.

Another important point is that properties in rural communities have historically tended

to have lower value than comparable properties located in an urban communities. Since

open space is a characteristic of rural areas, it may appear as if open space is not highly

valued if both urban and rural properties are included in the same data set. This effect

should not be significant in this study for two reasons. First, even though there are

market segments present in the model, the Tahoe basin does not fluctuate significantly in

terms of urban/rural distinction. Second, the model used tried to control for urban

amenities that may affect property values.



V. METHODOLOGY

There are various methodologies used by economists to derive the value of non-

marketed goods, such as environmental amenities. Non-use values can only be measured

by contingent valuation methodology while use-values have been measured by various

techniques such as travel-cost and hedonic models. This study utilizes this latter

approach, the hedonic property-pricing model, to analyze the relationships between open

space and property values. The purpose of this chapter is to present the theoretical model

for the hedonic price function in addition to discussing the various issues inherent in

estimating this type of model.

The relationship between property prices and the characteristics of a property has

been long recognized in economic thought and literature. This relationship has its

foundation in the theory of rents. Here, the equilibrium price of a property is equal to the

net present value of rents produced by that property. Therefore, price differentials in the

property market can be attributed to different levels of rents generated by different

properties over time, where rents are a function of a property's productivity. Let us

consider what influences the productivity of a property. If property is a producer's good

(i.e., farmland), then items such as soil quality and hydrology can greatly influence

values. On the other hand, if property is viewed as a consumer's good (i.e., personal

housing), then productivity is measured by different characteristics like the structural,

neighborhood, and environmental attributes possessed by a property. This latter scenario

is the basis for most hedonic models. And even though the structural, neighborhood, and

environmental characteristics of a property are not directly traded in a market, the

hedonic model can be used to derive a measure of the value of these characteristics. The
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ability to utilize this non-market valuation technique enables researchers not oniy to

analyze which specific characteristics influence property values, but it also provides a

mechanism to measure benefits that arise from environmental improvements, and thus the

ability to perform applied welfare analysis.

THE THEORETICAL MODEL

Assumptions

Let an individual's utility function be written as a function of four sets of goods -

the consumption of a composite commodity X (all goods other than housing), a vector of

structural characteristics, S, associated with housing (i.e., number of rooms, square

footage, lot size), a vector of neighborhood characteristics N in which the property is

located (i.e., access to work, crime rates), and finally a vector of location-specific

environmental amenities denoted by Q (i.e., air and water quality). Therefore, the utility

function of an individual who occupies house i can be written as:

u = u (X, S,, N, Q')

Assume that the study area can be treated as a single market for housing services. Also

assume that consumers have full information on the housing alternatives available and are

able to freely select their optimal choice of housing commodity. The final assumption is

that the market for housing (property) is in equilibrium.



The Hedonic Price Function

Under these assumptions, the price of a house (property) can be described as a

function of the structural, neighborhood, and environmental attributes of the property

location:

= P, (S,, N,, Q)

where:

= the price of the ith property location.

S, = a vector of the ith property's structural attributes.

N, = a vector of the ith property's neighborhood attributes.

= a vector of the ith property's environmental attributes.

The hedonic price function is derived by maximizing an individual's utility

function u (X, S, N,, Q1), subject to an income constraint given by M - - X =0, where

M is income of the individual and the price of the composite commodity, X, is scaled to

$1. It is assumed that preferences are weakly separable for housing and its

characteristics, which allows the demand for these characteristics to be independent from

the prices of other goods. Then, the first-order condition for the choice of the jth

environmental amenity (qj) is:

au/X - qj

The partial derivative, P, / a qj, is the marginal implicit price of the characteristic q3.

The marginal implicit price for any characteristic is the additional amount that must be

paid for an additional unit of that characteristic, all else equal. This first stage analysis

reveals the marginal willingness-to-pay for a characteristic, but does not derive the
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willingness to pay function. The second stage hedonic model combines the quantity and

implicit price information in an effort to identify the WTP function for specific

characteristics.

ESTIMATION

The estimation of the hedonic pricing model is conceptually straightforward. A

dependent variable representing the value of a property is regressed on all of the

characteristics that have the potential to influence its value. However, there are a variety

of issues/concerns that must be addressed when applying the model. These issues and

concerns are detailed below.

The Dependent Variable

The dependent variable in the hedonic model should represent the value of the

properties sold. Using the value of the land only would work for inferring values of

location-specific characteristics, such as living near open space, however, since land and

structures are usually bundled together in market transactions, the total value of the

bundle is typically used in hedonic studies. The standard proxy for value in hedonic

studies is market selling price. Selling price is typically preferred over other alternatives

such as assessed value or census data since it is derived in a market and is not

subjectively determined.

The Independent Variables

In selecting the independent (explanatory) variables in a hedonic study, all factors

that influence the value of a property should be considered. Excluding relevant variables

can parameter estimates to be biased. In environmental analyses, there are also spatial
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and temporal aspects that need to be considered. For example, this study is evaluating

the effect that open space has on property values, where open space is an amenity fixed

by location. In such cases, it is important to select objective measures of variables (i.e.,

distance to nearest open space, area of open space within particular buffers) that

adequately capture the amenity levels perceived by nearby residents. In addition, issues

like correlation among variables, correctly specifying the appropriate neighborhood

variables, and controlling for all variables correlated with the variables of interest all have

to potential to affect results.

The question of including/excluding variables in the hedonic model has no clear

answers because there is a tradeoff between increasing bias by omitting pertinent

variables and dealing with the issue of multicollinearity when including correlated

variables. Multicollinearity is not a violation of the Classical Linear Regression Model

(CLRM), but it does cause problems for statistical inference because correlated variables

tend to move together in systematic ways, which makes it difficult to disentangle their

unique effects. In general, there are two main statistical consequences of

multicollinearity. First, coefficient estimates, although unbiased, tend to have high

variance. This imprecision translates into low t-values, thereby making it difficult to

conclude that parameter estimates are significantly different than zero. The other main

consequence is that parameter estimates are relatively fragile. In other words, estimates

become unstable with the addition or deletion of one or more variables in the model.

Functional Form

Once a prospective set of variables is selected for the hedonic model, the issue of

functional form must be addressed. Several issues must be considered, including the
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manner in which these variables enter the hedonic price equation. Simple scalar and/or

logarithmic measures are commonly used. As stated above, variables should be defined

such that they capture the amenity levels perceived by residents; the manner in which

they are defined often offers guidance on how they should be represented in the model.

For example, distance variables (i.e., distance to nearest open space) are non-linear in

nature since any benefits generated by a particular characteristic should approach zero,

and not become negative, as the measure of distance increases. Once again, there are no

clear answers as to which functional form to use. In the economics literature, the linear,

quadratic, log-log, semi-log, inverse semi-log, exponential, and the Box-Cox

transformation have all been used. The only thing theory tells us is that the first

derivative with respect to a desirable environmental characteristic should be positive; the

second derivative may be positive or negative. With little or no insight in the proper form

to use, researchers have often used flexible functional forms (i.e., Box-Cox

transformations) to determine the best fit for the data at hand.

The most widely cited study on the topic of functional form was performed by

Cropper, Deck, and McConnell (1988). They examined how errors in measuring

marginal prices vary with the form of the hedonic price function in a simulated housing

market. Their results varied dramatically dependent upon the quality of model

specification. When the model was correctly specified (i.e., all housing attributes are

observed), it is clear that the linear and quadratic forms of the Box-Cox transformed

variables provide the most accurate estimates of marginal attribute prices. However,

empirical applications of the hedonic model often do not have perfect information. As a

result, mis-specified models (i.e., omitted and/or proxy variables), at least to some



degree, are commonplace. In these situations, the authors found that it is the simpler

forms, the linear Box-Cox in addition to the linear and semi-log functions, that produce

errors with relatively little variance, and hence are considered to work best.

Modeling Issues

Heteroskedasticity Another problem found in many cross-sectional data sets is

heteroskedasticity, a direct violation of the CLRM. Heteroskedasticity is present when

the error variance is not constant across observations or:

E (e) = a2

a2 for some i and j

where e is the random error term for observation i and a21 is the variance of that term.

The consequence of a heteroskedastic model is a biased estimate of the

variance/covariance matrix, which results in inefficient OLS parameter estimates, if the

problem is not recognized.

Market EquilibriumStrictly speaking, the housing market must be in equilibrium in

order to interpret coefficients from the hedonic pricing model as marginal implicit prices

for attributes. For the housing market to be in equilibrium, each household must be in

equilibrium with respect to a given vector of housing prices and that vector is the one that

just clears the market for a given stock of housing. Real housing markets may not satisfy

full equilibrium conditions because household equilibrium requires full information on

housing markets, which is difficult to obtain for a representative home-buyer, and that

transaction and moving costs are zero. Further, housing prices are rigid and do not

instantaneously change to shifts in supply/demand. However, divergence from full
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equilibrium in the housing market in many circumstances will only introduce random

errors into the estimates for marginal willingness to pay unless market forces are

consistently moving in only one direction (which can be noted in the analysis). As a

result, estimates on marginal willingness to pay can still be derived and interpreted with

confidence.

Limited Range of Models of HousesOne problem with using the hedonic pricing

model is that it assumes a continuous range of housing choices being available to

prospective homeowners. However, in actual markets there is often a limited set of

housing options available. If there is a reasonably large variety of housing options and

characteristics associated with those houses, there should not be a problem in estimating

the hedonic price function. If there is not a sufficient selection of choices available, it

may be difficult to estimate marginal implicit prices.

Market SegmentationWithin any particular region, there may in fact be several

separate smaller housing markets. A hedonic pricing model assumes there is a single

market in which properties that have identical characteristics would sell for the same

price. This result need not hold if housing data come from multiple separate markets.
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VI. PROCEDURE

This chapter explains the manner in which the objectives of this thesis are to be

evaluated. Included in the discussion are sections detailing the study area, the data used,

and a complete description of the model listing all the variables used and their respective

characteristics. For a description of the GIS techniques used to perform the spatial

analysis, please see the appendix.

STUDY AREA

As detailed in the Introduction of this thesis, the study area for this thesis is the

Placer Country portion of the Lake Tahoe basin, which is comprised ofa number of

distinct communities. Many of these communities are quite small; as a result, the market

data which were acquired for this study condensed these areas into six general

communities. For the purpose of this study, the six communities in the study area are

Carnelian Bay, Kings Beach, Homewood, Tahoe City, Tahoe Vista, and Tahoma. For

reasons detailed earlier in the Introduction of this thesis, one of the communities,

Tahoma, was actually eliminated from the study area. The remaining five communities

are distinct, as demonstrated by the demographic data provided earlier, but act as a single

market for housing resources, commonly referred to as the "North Shore". Therefore,

there are no concerns regarding market segmentation in the model for which separate

hedonic functions would need to be created.
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DATA

As with any research project, the quality of the data is a critical component of the

project's credibility and applicability to policy-making A concerted effort was made to

utilize the best data available for this study.

Data Sources

Due to the specific characteristics of this project, several types of data were

needed to successfully carry out this study. Market data, which are critical in hedonic

studies, was acquired from the MetroScan division of Transamerica Intellitech located in

Sacramento, California. The MetroScan division serves as a real estate data

clearinghouse that collects market transaction data along with assessors' records for a

number of U.S. cities and counties. The amount and quality of their data is location-

specific. While MetroScan did have data for Placer County, some of their data were of

questionable quality and had to be filtered for credible results. This filtering process is

described below.

The second type of data needed for this study, spatial data, were acquired from

several sources, but originated from one comprehensive GIS database created for the

Lake Tahoe Basin. The database, entitled the Tahoe Environmental Geographical

Information System (TEGIS), was created through a cooperative effort between the

Tahoe Regional Planning Agency (TRPA) and the United States Geological Survey

(USGS). The TRPA provided several GIS coverages [see Table 4]. Additional GIS

coverages were acquired from the California Tahoe Conservancy, which had expanded

the TEGIS database in an effort to map the public ownership in the basin [see Table 5].

These GIS coverages were critical to this study because they were the foundation for
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Road Network I Major Roads

Slope

Aspect

Land Capability

Table 5: GIS Coverages Acquired from the California Tahoe Conservancy

Placer County Parcel Map

Lake Tahoe Basin Boundary

County Boundaries

California Tahoe Conservancy Conservation Easements

California Tahoe Conservancy Acquisition Lots

Lake Tahoe

USFS Administrative Boundaries (Lake Tahoe Basin Management Unit)

California State Parks

Streams

USFS Burton-Santini Acquisition Lots

Water Bodies
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performing the spatial analysis, in particular the relationship between properties and their

proximity to open space.

Table 4: GIS Coverages Acquired from the Tahoe Regional Planning Agency



Once the GIS data were obtained, a significant amount of applied geographical

analysis using GIS software (ArcView and Arclnfo) was performed to generate certain

neighborhood variables, in addition to all of the open space proximity variables that are

the focus of the model. Details on the GIS techniques used to generate this data is

covered in the appendix.

The Filtering Process (Dependent Variable)

The final data set for this study consists of 719 observations. These observations

represent sales of undeveloped and developed residential properties in the Placer County

portion of the Lake Tahoe basin for the four year period between January 1993 and

December 1996. The initial data set obtained from MetroScan included 3,122 recorded

deed transactions in the study area over the study period timeframe; this represents the

potential sample of observations for this study. However, many of these observations

were deleted because of inappropriate deed types, missing data, or other problems.

Filter 1The first filter was to remove all transactions with questionable deed types,

which might imply an arms-length sale did not take place. These deeds include, but are

not limited to, the following types: administrative, affected death, bargain (grant and

sale), corporation, correction, court order, final distribution, gift, interspousal, quit claim,

special property order, and trust transfer. In fact, only those observations with grant and

warranty deeds were kept in the sample set. A warranty deed is a deed in which the

owner of the property warrants that he/she has good and merchantable title to the

property being conveyed, and thus is the best type of deed that can be received (Unger

and Karvel, 1983). The grant deed is California's version of the warranty deed. It
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contains fewer covenants than the warranty deed, but the grantor still implies that he/she

has not conveyed the same estate, or any right, title, or interest therein, to any person

other than the grantee and that at the time of the execution the estate is free from any

encumbrances due by the grantor or any person claiming under him/her (Unger and

Karvel, 1983). As a result of this filter, approximately 50% (1563 observations) of the

sample set was eliminated.

Filter 2The second filter applied to the sample set was to remove those observations

with missing data entries. Obviously, these observations could not be used since the

estimation process requires that all observations have values corresponding to the

variables to be used in the model. The most important field scanned for missing entries

was sales price. However, many other fields were also found to have missing data. As a

result of this filter, 491 observations were eliminated from the potential sample set.

Filter 3_Furthermore, the potential sample set was screened for sales price outliers. The

procedure used to screen for outliers was to first graph the observations and then

carefully examine the pattern of printed values. After doing so, minimum and maximum

threshold figures were arbitrarily selected based on two criterianatural dividing points

in the data and an evaluation of whether prices were in fact realistic for properties with

certain characteristics. On the low end of the spectrum, a minimum threshold figure of

$8,000 for undeveloped properties and $25,000 for developed properties was adopted.

On the high end, a maximum threshold figure was $1,000,000. As a result of this filter,

41 observations were eliminated from the potential sample set.
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Filter 4The next filter used was to remove observations that appear to be part of joint

sales. For example, often times there are vacant lots that were sold jointly with

neighboring developed properties (homes) owned by the same person. The problem is

that these joint sales have the same sales price listed for each component of the sale, and

as a result, the listed prices do not represent the true value of each individual property.

All 53 properties that meet these conditions were removed since this study controls for

undeveloped versus developed properties.

Filter 5The fifth filter applied was to eliminate all observations that were within a 2

kilometer radius of the study area boundary. The rationale here is that the model uses

variables that represent amount of open space within a 0.1, 0.5 and 2 KM radius of

properties sold. Therefore, if there are properties that are located within a 2 KM radius of

the study area border included in the data set, then there is a risk that the model will not

account for the open space located outside the study area which may influence property

values in Placer County. An effort was made to get the GIS data for the neighboring

counties, but it proved to be infeasible. As a result of this filter, 229 observations were

eliminated from the potential sample set, including the entire community of Tahoma.

Filter 6The final filter applied to the potential sample set was to remove all

observations that were not mapped on the Placer County GIS parcel map. All

observations had to be identified on this map in order to create a GIS coverage

representing properties sold. If the GIS map did not have the appropriate parcel number

already mapped, there was no way to include them in this coverage. Without being

identified in this coverage, there is no way perform the spatial analysis critical to the



model. As a result of this filter, 26 observations were eliminated from the potential

sample set. After the filtering process was complete, the final observation count in the

data set was 719.

THE MODEL

The hedonic property-pricing equation estimated here uses sales price as the

dependent variable, in conjunction with a comprehensive set of structural, neighborhood,

and environmental variables.

The first specification, referred to as the Standard Model, includes variables

representing the proximity to open space, where open space is treated as an aggregate

[see Table 6]. The other model, referred to as the Expanded Model, evaluates open space

by type [see Table 7]. For distance variables, a negative value means that the further

(closer) a property is located from that respective feature, the less (more) valuable it is.

Therefore, a negative value suggests that close proximity the amenity has a positive

influence on property values.

Variable Descriptions

D_(YEAR)The intercept dummy variables representing the year the property was sold

are included in the model to control for price level changes over time. There are four

years in the study timeframe (1993-1996). Three dummy variables (Q94, D95, and

Q96) are used in the model. The first year, 1993, was omitted and serves as a baseline

from which all subsequent years are compared. D94 = 1 if the property was sold in

1994, 0 otherwise. D_95 and D_96 follow accordingly. There was some inflation during

this period so the coefficients are expected to be positive.
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Table 6: The Standard Model
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VARIABLE

DJYEAR)

DESCRIPTION OF VARIABLE

Year Property Sold: 1994, 1995, or 1996

EXPECTED
SIGN

Positive

STRUCTURAL VARiABLES

D_HOUSE Presence of House on Property Positive

LOTSIZE Size of Property (in square meters) Positive

SQFT Square Footage of House (in square feet) Positive

ROOMS Number of Bedrooms + Bathrooms Positive

D_GAR Presence of Garage Positive

AGE Age of House (year sold - year built) Negative

NEIGHBORHOOD VARIABLES

D_(LOCATION)
Location of observation: Carnelian Bay,
Homewood, Kings Beach, or Tahoe Vista Negative

DJSLOPE) Slope of Property: 5-10%, 10-20%,
Positive

DJLANDCAP) Zoning: Land Capability Rating 2, 3, 4, 5, 6, and Positive

D 1972-
Zoning: Whether or not a developed property
was built prior to 1972

Positive

ENVIRONMENTAL (OPEN SPACE) VARIABLES

OS 100-
Area of Open Space within a .1 KM radius of
prqperty sold (in square meters)

Positive

OS 500 Area of Open Space between a 1 - .5 KM radius
of property sold (in square meters)

Positive

OS 2000-
Area of Open Space between a .5 -2 KM radius
of property sold (in square meters)

Positive

OTHER ENVIRONMENTAL VARIABLES
DIST_HWY Distance to nearest State Highway (in meters) (Unknown)

DISTLT Distance to Lake Tahoe (in meters) Negative
DIST_STRM Distance to nearest Stream (in meters) Negative

DISTLK Distance to nearest Lake (in meters) Negative



TABLE 7: The Expanded Model (open space variables only)
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VARIABLE DESCRIPTION OF VARIABLE

ENViRONMENTAL (OPEN SPACE) VARIABLES

EXPECTED
SIGN

CE_100 Area of CTC conservation easements within a
.1 KM radius of property (in square meters)

Positive

CE500 Area of CTC conservation easements between a
.1 - .5 KM radius of prperty (in square meters)

Positive

CE_2000 Area f CTC conservation easements between a
.5 - 2 KM radius of property (in square meters)

Positive

CTC_100 Area of CTC acquisition lots within a
.1 KM radius of property (in square meters)

Positive

CTC_500 Area of CTC acquisition lots between a
.1 - .5 KM radius of property (in square meters)

Positive

CTC_2000 Area of CTC acquisition lots between a
.5 - 2 KM radius of property (in square meters)

Positive

LTBMU_1 00 Area of LTBMU National Forest within a
.1 KM radius of property (in square meters)

Positive

LTBMU_500 Area of LTBMU National Forest between a
.1 - .5 KM radius of property (in square meters)

Positive

LTBMU2000 Area of LTBMU National Forest between a
.5 - 2 KM radius of property (in square meters)

Positive

SB_ 100 Area of USFS Santini-Burton lots within a
.1 KM radius of property (in square meters)

Positive

SB_500 Area of USFS Santini-Burton lots between a
.1 - .5 KlvI radius of property (in square meters)

Positive

SB_2000 Area of USFS Santini-Burton lots between a
.5 - 2 KM radius of property (in square meters)

Positive

CAPK_ 100 Area of California State Parks within a
.1 KM radius of property (in square meters)

Positive

CAPK_500 Area of California State Parks between a
.1 - .5 KM radius of property (in square meters)

Positive

CAPK 2000 Area of California State Parks between a
.5 - 2 KM radius of property (in square meters)

Positive



57

D_HOUSEThe model uses observations on both developed and undeveloped

properties. An intercept dummy variable is used here to distinguish these properties.

D_HOUSE = 1 if the property was developed, 0 if undeveloped. It is strongly anticipated

that the presence of a house will substantially influence property values in a positive

direction.

LOTSIZEThe variable LOTSIZE measures the size of the property in square meters.

The expected sign on this coefficient is positive.

SQFTSince this model is evaluating developed and undeveloped properties, there are

various house-specific variables that only apply to developed properties. These variables

will have a value if a house is present on the property and a value of zero (0) for vacant

lots. The square footage of a personal residence is a house-specific variable that

represents the physical size of the structure. It is expected that the physical size of a

structure will positively influence property values.

ROOMSThis variable represents the sum of bedrooms and bathrooms in a house.

Originally, bedrooms and bathrooms were treated as individual variables, but the high

degree of correlation between the two suggested the model might more accurately reflect

their value if they were evaluated jointly. It is expected that more rooms will positively

influence property values.

DGARThis dummy variable equals 1 if there is a garage attached to the house and 0

otherwise. It is expected that this variable will be positive since the presence of a garage



adds size to the structure and provides a means of storage, both of which are valued by

landowners.

AGEThis variable represents the age of structure. This figure is determined by

subtracting the year the house was built from the year the house was sold. The expected

sign for this coefficient is not clear. An older house might be less valuable as a result of

deterioration that has taken place and the absence of newer home features. On the other

hand, as a house gets older, the likelihood of home improvements increases, and older

homes may depict characteristics of charm or rarity. Overall, the age of a house is

predicted to negatively influence property values (i.e., the older the house, the less

valuable).

DJLOCATION)The study area for this project is comprised of several communities:

Camelian Bay, Homewood, Kings Beach, Tahoe City, and Tahoe Vista. These

communities, which constitute the North Shore area of Lake Tahoe, are treated as a single

market by prospective property owners. However, there may be differences in property

values based upon which community a property is located. By controlling for this

attribute, the model takes account of a number of factors affecting value, in particular

demographics (i.e., race, crime, etc.) and other typical features (i.e., shopping and

entertainment opportunities, and employment opportunities specific to the community).

Each observation falls into one of 5 communities. D_CB = 1 if a property is located in

Carnelian Bay, 0 otherwise; D_HW = 1 if a property is located in Homewood, 0

otherwise; D_KB = 1 if a property is located in Kings Beach, 0 otherwise; and DTV = 1

if a property in located in Tahoe Vista, 0 otherwise. The community of Tahoe City will
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serve as the baseline community and hence is left out of the model. Tahoe City was

chosen because it appears to be the most urban-like community with the most housing

units [see Table 1]. The expected sign on the coefficients for the dummy variables is

negative since property values tend to be relatively higher in areas with more urban

amenities.

D(SLOPE)Slope is included in the model to serve as a proxy for view quality - an

important attribute that influences property values. Slope is defined as the gradient of the

property, measured in percent. The slope of the entire Tahoe basin was derived from

digital elevation model (DEM) files, and was calculated on the basis of cell size and the

difference in elevation values between center cell and its neighbor in the steepest

direction (USGS, 1993). There were nine slope classes created by the USGS/TRPA, but

they were reorganized into five classes for the purposes of this study. They are: >0-5%,

5-10%, 10-20%, 20-30%, and >30%. The slope variables are defined as follows: D_S510

= 1 if the property has a slope gradient between 5-10 percent, 0 otherwise; DS1O2O = 1

if the slope ranges from 10-20 percent, 0 otherwise; D_S2030 = 1 if slope ranges between

20-30 percent; and DS3O+ = 1 if slope is greater than 30 percent, 0 otherwise. The

baseline slope category, 0-5 percent, is omitted from the model. This category was

selected as the baseline so that the model can explain if there is any influence on property

value from increasingly steeper slopes. It is expected that these slope coefficients will be

positive because of the likelihood of better view and the increased construction costs of

developed properties that are typically associated with building on steep gradients.

D_(LANDCAP)Jn the Tahoe basin, a multi-agency, interdisciplinary team of natural

resource experts developed a unique land use/zoning beginning in 1972 - a system based
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on the concept of land capability. Land capability is defined as the level of use an area

can tolerate without sustaining permanent (environmental) damage through erosion and

other causes (Tahoe Regional Planning Agency, 1996). Each parcel in the region is

assigned a land capability rating between 1-7. The higher the land capability rating, the

more physical area (coverage area) that can be developed on that specific parcel. In other

words, land capability dictates development potential. However, the relationship

between coverages and ratings is not linear; each additional rating point does not increase

coverage area uniformly [see Table 8]. To complicate matters, a parcel can have more

than one land capability rating (i.e., 50% Class 2 and 50% Class 5). To account for these

particular parcels, each one was analyzed using (US mapping tools, whereby the

approximate percentage of land capability was estimated for each observation. As a

result, these variables represent the proportion of property area that falls into a particular

land capability class. For example, if a property falls completely within a specific land

capability class, it takes on a value of 1 for the variable representing that class, 0

otherwise. However, a property with 50 percent area in LC-3 and 50 percent in LC-4

would be characterized as DLC3 = .5 and D_LC4 = .5, 0 otherwise. These variables are

not a true intercept dummy variable since they can take on values other than 0 or 1. The

baseline category is the land capability of 1, and hence it is omitted from the estimated

model. In addition, there were no properties with a land capability rating of 7 50 it too

was eliminated. It is believed that the land capability designation a property receives

should influence value since this zoning system dictates the development rights

associated with each property. It is expected that higher ratings will lead to higher

property values.



The Individual Parcel Evaluation System (IPES) is another zoning system in the

region. It was created to improve on the land capability system for undeveloped

properties. Although it is highly representative of the development potential of vacant

properties, it is not included in the model because of its almost perfect negative

correlation with D_HOUSE.

TABLE 8: Land Capability Ratings and Associated Coverage Areas
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D_1972-_-This is the second of two zoning variables for developed properties. This

intercept dummy variable is used to take into account whether or not a developed

property was built in or before 1972. D_l972 = 1 if the property was built in or before

1972, 0 otherwise. Prior to 1972, properties are exempt from the land capability zoning

system and can always have as much development as it did in 1972. ft is believed that

the increased freedom for older developments will positively influence property values.

DJST_HWYThis variable represents the straight-line distance (in meters) from each

property to the nearest state highway (Hwy. 89, Hwy. 28, and Hwy. 267) in the study

area. It serves as a gauge of travel accessibility. It is not clear whether the sign of the

Land Capability Rating

1A,B,C
Allowable Coverage

1%

2 1%

3 5%

4 20%

5 25%

6 30%

7 30%
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coefficient will be positive or negative. Accessibility is a desired feature, but the noise

and traffic associated with major roads must also be taken into account. I hypothesize

that the negative effects that result from traffic and noise will outweigh any accessibility

benefits; thus a positive coefficient is expected, which means the further away the

highway is, the more valuable the property.

DIST_LTThis variable represents the distance (in meters) to Lake Tahoe. Lake Tahoe

is the main natural amenity in the basin. It offers a variety of environmental and aesthetic

benefits in addition to many recreational opportunities. Most of the development in the

basin has occurred near the lake for these reasons, and therefore it is logical to assume

that proximity to Lake Tahoe should be a major factor in determining property values. It

is expected that this distance coefficient will be negative; the further away Lake Tahoe,

the less valuable the property.

DISTSTRM/DIST_LKThese variables represent the distance (in meters) to the

nearest stream and lake respectively. Both features have the potential to offer substantial

aesthetic benefits in addition to recreational opportunities (i.e., fishing, swimming, etc.).

It is expected that both of these variables positively influence property values (negative

coefficient) for many of the same reasons associated with distance to Lake Tahoe.

OPEN SPACE VARIABLESOpen space in the Standard Model is characterized by a

set of three spatial variables. These three variables represent proximity relationships

between the property sold and the area of open space (in square meters) within lOOM

(OS_100), between lOOM and 500M (OS_500), and between 500M and 2000M

(OS_2000). These three figures represent a gradual increase in distance over a large
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range, which should provide insight into how the effects of open space on property

values change over distance. OS 100 should capture any adjacency relationships that

may exist, and should have the strongest impact on property values since open space is in

close proximity OS_500, the mid-range proximity variable, is intended to capture those

benefits that accrue to properties with open space nearby, but not immediately adjacent to

them. Finally, OS 2000 was selected in an attempt to evaluate the influence of regional

open space. Beyond 2000 meters, I judged that any amenity effects of open space on

properties was nearing zero. I am hypothesizing that open space area within all three

intervals will positively influence property values.

In the Expanded Model, the set of three proximity variables was created for each

open space type. As a result 15 variables were created. For conservation easements, the

variables are CE 100, CE_500, and CE_2000; for CTC-owned properties, they are

CTC 100, CTC_500, and CTC 2000; for Lake Tahoe Basin National Forest, they are

LTBMU_100, LTBMU_500, and LTBMU_2000; the variables for USFS Santini-Burton

acquisition properties are SB_100, SB 500, and SB_2000; and finally, California State

Parks are represented by CAPK_100, CAPK_500, and CAPK_2000. The effects for

open space types in the Expanded Model are expected to be positive for all intervals,

similar to the Standard Model described above.

DESCRiPTiVE STATISTICS

Table 9 presents the descriptive statistics of all the independent variables in the

model(s).
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Variable

PRICE

#

719

Mean

204662

Std Dev

140988

Sum

-

Mm

9000

Max

920000
D_93 719 .1933 .3952 139 0 1

D_94 719 .2490 .4327 179 0 1

D95 719 .2364 .4252 170 0 1

D_96 719 .3213 .4673 231 0 1

D_HOUSE 719 .8971 .3041 645 0 1

LOTSJZF. 719 1144 907.91 - 90 16524

SQFT 719 1442 757.63 - 0 6790
ROOMS 719 4.50 2.03 - 0 14

D_GAR 719 .2809 .4498 202 0 1

AGE 719 19.31 15.96 - 0 90
D..CB 719 .2740 .4463 197 0 1

D_HW 719 .0584 .2347 42 0 1

D_KB 719 .1154 .3198 83 0 1

D.TC 719 .4798 .4999 345 0 1

D_TV 719 .0723 .2592 52 0 1

DSLPO5 719 .1252 .33 11 90 0 1

D_SLP_510 719 .3491 .4770 251 0 1

D_SLP.j020 719 .3908 .4882 281 0 1

D_SLP_2030 719 .0918 .2889 66 0 1

D_SLP..30+ 719 .043 1 .2033 31 0 1

D_1972 719 .3866 .4873 278 0 1

D_LC_1 719 .0932 .2777 67 0 1

DLC2 719 .0106 .0960 7.6 0 1

D_LC3 719 .1248 .3165 89.75 0 1

DLC_4 719 .0369 .1837 26.5 0 1

D_LC..5 719 .4495 .4822 323.2 0 1

DLC_6 719 .1821 .3749 131 0 1

D_LCJ 719 0 0 0 0 0
DISTHWY 719 470.73 556.55 - 5 4477

DIST_LT 719 737.33 808.28 - 2 6019

DIST_STRM 719 516.60 318.66 - 4 1396

DIST_LK 719 1466 774.69 - 204 3703
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Note: Sum figures are only shown for dummy variables since they show how many
properties possess that certain characteristic.

FUNCTIONAL FORM

The selection of a functional form is important for any hedonic model. A semi-

log functional form is applied here. The econometric model can be written as:

InPg=/3jSfl+/3kNk+Z/3,Qlt+E fori=1,2,...,n

Variable # Mean StcI Dev

OS_100 719 3041 4965

Sum

-

Mm Max

0 29652
OS_500 719 173437 152711 - 0 673699
0S2000 719 4650891 2197824 - 111910 11696235

CE_100 719 116 692 - 0 11623
CE_500 719 4572 19585 - 0 140309
CE2000 719 33099 61229 - 0 233000

CTCjOO 719 - 1280 2526 - 0 15126
CTC_500 719 57392 70756 - 0 430312
CTC_2000 719 950383 628209 - 109329 3340810

LTBMU_100 719 1046 3237 - 0 24798
LTBMU_500 719 78937 112146 - 0 533705
LTBMU2000 719 2974097 1963762 - 0 10798572

SBJOO 719 543 2208 - 0 20677
SB500 719 22512 59272 - 0 380080

SB_2000 719 374939 517320 - 0 2262908

CAPK_100 719 56 703 - 0 14254
CAPK 500 719 10024 41323 - 0 316921
CAPK2000 719 318374 584697 - 0 3179800
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where lnP, is the natural log of the sales price of property i, S, is the quantity of the jth

structural variable for residence i, N1 is the measure of the kth neighborhood

characteristic, is the measure of the ith environmental amenity, and is the

observation specific error term. /3, uk, and flu are vectors of the parameter estimates

associated with the structural, neighborhood, and environmental variables, respectively.

For all distance variables, the natural log of the distance is used. Taking the natural log

of sales price is a fairly common technique used by many hedonic studies (Geoghegan, et

al., 1997; Powe, et al., 1997, Tyrvanien, 1997; Palmquist, 1992, Mahan, et al., 1996).

Distance relationships are not likely to be linear since that would mean that the positive

influence of an amenity would decrease at a steady rate as distance increases and would

eventually switch to become a negative influence - a highly unlikely proposition. It is

more plausible that amenity effects decrease nonlinearly with distance and approach zero

where the effect becomes negligible. As for the other independent variables, there is no

clear theory about how they enter the hedonic function, and as a result they are left linear.



VII. RESULTS AND ANALYSIS

This chapter presents the statistical and analytical results from the first-stage

hedonic regression. First, each subset of independent variables is analyzed separately,

with a greater emphasis on the open space variables, which are the focus of this study.

Then, the five hypotheses developed earlier in this study are tested. Due to the

difficulties in estimating willingness-to-pay functions, a second-stage hedonic analysis

was not performed. All results were generated using the statistical software package

SAS.

Heteroskedasticity, as detailed in the Methodology chapter, can pose significant

problems in estimation. There are several diagnostic tests that are commonly used to test

for heteroskedasticity, including the Breusch-Pagan (B-P) test. The B-P test is fairly

flexible in that it does not require the form of heteroskedasticity to be known. Since there

is no intuition as to the form of heteroskedasticity here, it is especially applicable. The

results of the Breusch-Pagan test are detailed in Table 10 below. The results indicate that

there is, in fact, heteroskedasticity in the model(s). Due to the presence of

heteroskedasticity in the model(s), Stage 1 regression results were corrected by using

White's consistent covariance matrix.

Tab'e 10: The Breusch-Pagan Test for Heteroskedasticity
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Standard

Expanded

258.42

269.91

43.77
(df= 31)

55.76
(df= 43)

Reject homoskedasticity
(heteroskedasticity)

Reject homoskedasticity
(heteroskedasticity)

Model Xrtica1 Interpretation
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STAGE 1 REGRESSION RESULTS

Stage 1 regression results for the Standard and Expanded models are presented in

the tables 11 and 12. Table 11 lists the parameter estimates and associated t-statistics and

p-values for the variables in the Standard model where open space is treated as an

aggregate. Results for the Expanded model, presented in Table 12, expands the basic

model in order to detail the unique effects of each open space type. In addition to the

selected semi-log model, results for the linear model are also presented for comparative

purposes.

Interpretation and Analysis

Before proceeding to analyze the results, a description of how to interpret the

coefficients in a semi-log model is presented.

Standard variablesThe interpretation of standard variables is as follows: a

one unit increase in the variable in question leads to a coeificient (expressed in

percent) change in property value, holding all else constant. Using SQFT as

an example, a one square foot increase in the size of a residence leads to a

.0194 percent increase in property value. The marginal implicit price of linear

independent variables in a semi-log model equals 1
* sales price, where 3

equals the parameter estimate for a particular attribute.

Natural log variablesThe interpretation of natural log variables is as

follows: a one percent increase in the variable in question leads to a coeificient

percent change in property value, holding all else constant. Using

LDISTJIWY as an example, moving one percent closer to the near highway

leads to a .0793 percent decrease in property value. The marginal implicit

price of natural log independent variables in a semi-log model equals f31 x) *

sales price, where equals the parameter estimate for a particular attribute
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and x is the value of independent variable at which the marginal implicit price

is measured.

Dummy variablesThe interpretation of dummy variables is as follows:

properties taking on a value of one for the dummy variable leads to a

coefficient (expressed in percent) change in property value, relative to the

baseline variable, holding all else constant. Using D_CB as an example,

properties located in Carnelian Bay have 15.3 percent less value than

properties in Tahoe City. The marginal implicit price of dummy independent

variables, relative to the baseline variable, in a semi-log model equals f *

sales price, where f equals the parameter estimate for a particular attribute.

Open Space Variables

The primary focus of this study is to analyze the role of open space on property

values. Open space in the standard model is evaluated at three different spatial intervals:

proximity within 0-100, 100-500, and 500-2000 meters. Of these three measures, only

one has a positive coefficient, the variable representing amount of open space between

100-500 meters (OS...500). It is also the only significant variable (at the .05 level).

Although it is insignificant, the fact that OSjOO is negative is surprising.

Translating the parameter estimate (-3.09E-7) into monetary terms using mean property

value ($204,662), an additional one acre of open space between a 0-100 meter buffer

results in a $255 decrease in property value, holding all else constant. It contradicts the

basic premise that property owners value open space in very close proximity. There is no

solid explanation for this outcome, but there are some factors that may have played a role

in obtaining these results. First, there is so much open space in the Lake Tahoe basin

(approximately 85 % public lands) that the amenity benefits associated with open space

are not differentiable at such a close distance. In other words, property owners do not
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* Denotes that all estimates in the semi-log have been corrected for heteroskedasticity using White's
corrected variance/covariance matrix)

SEMI-LOG MODEL LINEAR MODEL

Variable Estimated
Coefficient

TStat* PVa1ue* Estimated
Coefficient

T-Stat

Intercept 11.8590 25.566 .0000 74504 2.835

D94 .0830 1.455 .1457 14601 1.242

D95 .0973 1.794 .0728 14188 1.212

D_96 .1786 3.292 .0010 35148 3.189

D_HOUSE 1.2618 7.771 .0000 19692 0.680
LOTSIZE 5.9271E-5 1.581 .1140 9.8715 2.146

SQFT 1.94E-4 2.834 .0046 81.8929 7.164

ROOMS .0413 1.928 .0539 5012.6614 1.100

D...GAR .1298 2.698 .0073 22773 2.102

AGE -.0051 -1.870 .0614 -394.8021 -0.826
D_CB -.1530 -2.750 .0060 -16580 -1.312
D_HW .0122 0.125 .9009 21059 1.088

D_KB .1150 1.639 .1012 65627 3.077
DTV -.2244 -2.593 .0095 -46724 -2.609

D_S510 .0310 0.552 .5809 -4937.092 -0.379

D_S1020 .0369 0.638 .5232 6277.4367 0.465
DS2030 .1396 1.712 .0870 24907 1.322

D_S30+ .2011 1.688 .0915 34911 1.374

Dj972 -.1502 -2.472 .0134 -15261 -1.156
D_LC2 .4029 1.325 .1852 142121 3.267

D_LC3 .0881 1.138 .2551 25041 1.281

D_LC4 .0616 0.751 .4527 -5299.639 -0.213

D_LC5 .0333 0.483 .6288 3044.3374 0.175

DLC6 -.0200 -0.294 .7687 -8893.332 -0.505

LDIST_HWY .0793 2.865 .0042 104.784 5.402

LDISTLT -.2281 -4.811 .0000 -59.3850 -4.040
LDIST_STREAM .0184 0.827 .4083 3.8842 0.253

LDIST LAKE -.0925 -2.185 .0289 -8.5808 -1.225

OS_100 -3.09E-7 -0.090 .9281 -1.1805 -1.179

OS_500 4.33E-7 2.198 .0280 -.02 19 -0.452

OS_2000 -2.3966E-8 -1.472 .1409 -.0103 -3.064

R2
Adj R2

F-Statistic

.6555

.6405
1225.15

.5147

.4935
24.323
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place a value on nearby open space since they still are able to experience open space-

related benefits from the abundant amounts of open space found further away. Secondly,

there may actually be some negative externalities associated with nearby open space. For

example, there is the possibility of increased congestion in these areas as a result of

increased public access (i.e., tourists, hikers, etc.) and/or restoration work, or there may

be negative impacts on view from timber harvests. The last explanation is related to the

manner in which the variable was defined. OS 100 is the smallest (in area) of the three

buffers, and it is measured from the center of each property sold. Consequently, the

amount of open space possible within this buffer may not have been sufficient to capture

the amenity benefits from nearby open spaces.

As for the largest buffer, amount of open space between 500-2000 meters

(OS 2000), it surprisingly also has a negative coefficient (-2.40E--8), but is not

significant. Evaluated at the mean property value, an additional one acre of open space

between a 500-2000 meter buffer results in only a $20 decrease in property value. This

result is similar to results obtained by Geoghegan et al. (1997), who found that the

amount of open space in larger buffer areas negatively affect property values because of

the association with relatively rural areas. Since rural property values tend to have lower

property values relative to urban locations in general, the end result is open space

displaying characteristics of a negative externality. A similar explanation applies here.

Open space in the 500-2000 meter range is positively correlated with the relatively rural

areas found in the basin. These areas are typically National Forest land that are

substantially distant from Lake Tahoe and the shoreline communities. The distance to

Lake Tahoe was controlled for in the model, however, distance to community center was
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not (a dummy variable was used instead). Consequently, OS_2000 appears to negatively

influence property values since increased distance from a community center typically has

a strong negative relationship with property values. This is especially true when the

community is small and increased distance places a property in remote areas.

OS_500 is positive and significant. This demonstrates that neighborhood-wide

open space does in fact generate amenity value for properties located in the Lake Tahoe

region. The parameter estimate for OS_500 is 4.33E-7 and has a p-value of 0.0280. This

coefficient can be interpreted as follows: one additional square meter of open space

between 100-500 meters of a property leads to a .0000407 % increase in property values,

holding all else equal. Translating these results into monetary terms using mean property

value, an additional one acre of open space between a 100-500 meter radius results in a

$360 increase in property value.

Price Control Variables

The model utilized a set of three dummy variables representing year sold to

control for inflation over study time period (1993-1996). The parameter estimate

associated with D94 is the lowest in magnitude and not statistically significant, D_95 is

higher than D94 and is significant at the .10 level, and D_96 has the largest parameter

estimate and is significant at the .05 level. Overall, there was a clear pattern of increasing

property values over the study period.

Structural Variables

All parameter estimates for the structural variables in the semi-log model have the

expected signs, and many are statistically significant at various levels [see Table 6 for
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expected relationships]. DHOUSE has a strong significant effect on sales price as

expected. The coefficient here is 1.26, which means that properties with homes have a

sales price that is 126% higher than undeveloped properties without residences. The

parameter estimate for LOTSIZE is close to being statistically significant at the .10 level,

but surprisingly it is not. One possible explanation for this is that lot size likely plays a

more critical role in determining values of undeveloped properties relative to developed

ones, but the number of undeveloped properties in the model is relatively small. SQFT

and D_GAR are both positive and significant at the .05 level. The parameter estimate

for SQFT is highly significant and can be interpreted in the following manner: an

increase in house size of 100 square feet leads to a 1.94 % increase in property value,

holding all else constant. The remaining structural variables, ROOMS and AGE, are

significant at the .10 level. AGE has a negative sign, which implies the older a property

gets, the less valuable it becomes.

Neighborhood Variables

The set of neighborhood variables consist of variables representing the location

within the study area, physical characteristics (slope), and finally zoning variables.

Of the four location dummy variables, two have significant negative coefficients:

Carnelian Bay (D_CB) and Tahoe Vista (D_TV). These results suggests that larger

communities tend to have higher property values because of their proximity to attributes

such as employment, demographics, entertainment, etc. Properties located in Carnelian

Bay have 17 percent lower value relative to properties in Tahoe City, and those in Tahoe

Vista have 26 percent lower value, holding all else constant. Kings Beach is also
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relatively large, and has a non-negative coefficient (i.e., more valuable property than in

Tahoe City).

The parameter estimates for the slope variable become increasingly large as slope

increases. The significance of these estimates also follow this progressive pattern.

Statistical significance is attained for properties with slope of 20-30 percent (at the .10

level) and greater than 30 percent (also at the .10 level). As for this latter variable,

properties that have a slope of 30+ percent have a 20 percent higher value relative to

properties with little or no slope, holding all else constant. As slope increases, properties

may possess better view characteristics since increased slope tends to be associated with

higher elevation. Also, construction costs may be greater for steeply sloped terrain, thus

leading to increased selling prices. Overall, slope seems to increase property values.

It was anticipated that the zoning associated with properties would also have an

effect on property values since it dictates a property's development potential. Two

distinct types of variables were used to capture a property's zoning characteristics. The

first zoning variable is land capability. All but one parameter estimate is positive, as

expected; higher land capabilities positively affect property values relative to the baseline

rating of 1. However, the pattern that emerges is such that as land capability increases,

this positive relative effect decreases; this is opposite of what was expected. One

plausible explanation for the systematic decrease in the parameter estimates is that

developed properties, which dominate the model in terms of numbers, may be more

valuable if they are located in areas with tight zoning controls since this would lead to

increased proximity to open-space. However, since there are no significant variables in

this set, any conclusions along these lines are difficult to defend. The second related
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zoning variable is a dummy variable representing developed properties that were built in

or prior to 1972, which would exempt properties from the land capability system; this

was expected to increase property values. The results did not support this expectation. In

fact, D972 has a negative coefficient and is significant at the .05 level. The most

plausible explanation for this result is the high correlation with AGE, which has a strong

negative relationship with property values.

Other Environmental Variables

In addition to the open space variables described above, there were other

environmental variables analyzed here. This subset consists of four variables that

represent distance to various environmental attributes. Since these variables are

characterized by distance, their natural logs are used in the model. The results show that

this subset of variables have a substantial influence on property values. The most

prominent of these variables is distance to Lake Tahoe (LDIST_LT). It has a negative

coefficient (-.2281), as expected, and is highly significant. For those variables that

measure distance, a negative value means that the further (closer) a property is located

from that respective feature, the less (more) valuable it is. A 1 % increase in distance to

Lake Tahoe leads to a .23 % decrease in property value, holding all else equal. Evaluated

at mean price and an initial distance equal to mean distance (737 meters), moving 7.37

meters closer to Lake Tahoe results in a $466.82 increase in property value. This

translates into a marginal implicit price of $63.34 per meter. The parameter estimates for

distance to nearest stream (LDIST STREAM) and nearest lake (LDIST_LAKE) are

positive and negative respectively, with only LDIST_LAKE being significant at the .05

level. This suggests that lakes may offer more amenity value than streams in the region,
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possibly a result of more recreational opportunity (i.e., fishing, hiking, and camping).

The last variable in this subset is distance to the nearest major highway (LDISLHWY).

Its coefficient is positive and significant as expected. Evaluated at mean price and mean

distance (471 meters), the marginal implicit price equals $37.46 per meter. In other

words, moving one additional meter further from a major highway increases the average

house value by $37.46. These results support the intuition that the noise and traffic

associated with proximity to the highway outweighs any value attributed to increased

accessibility.

The Expanded Model

Table 12 presents the results from the Stage 1 regression where open space was

evaluated by type. Analysis for the expanded model will focus on the open space

variables. However, I would like to briefly note the differences in the other variable

groups found in this version of the model. The only change in the price control variables

is that D95 is now not significant (at any level), while it was significant (at the .10 level)

previously. The structural characteristics follow the same general patterns between

models with only slight variation in coefficient magnitude and significance level.

ROOMS is more significant here (.05 level compared to .10 level). In addition, AGE,

changes from significant at the .10 level to the .05 threshold. As for market segments, the

sign on DKB is reversed, but is still not significant. Also, D_TV is now not significant

(p-value equals .1490). The results for slope differ slightly too. The pattern of

progressively higher parameter estimates does not hold here. It is clear, though, that the

two higher slopes generate more benefits than the two lower ones. Other differences

include D_S2030 and D_S30+ not being significant at any level in this version. These
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SEMI-LOG MODEL LINEAR MODEL

Variable Name Estimated
Coefficient

TStat* PVaIue* Estimated
Coefficient

T-St
Intercept 11.7894 20.683 .0000 26020 0.722

D_94 .0582 1.041 .2977 10276 0.872
D95 .0864 1.641 .1008 10949 0.940
D96 .1650 3.152 .0016 32915 3.002

D_HOUSE 1.4498 8.972 .0000 41820 1.387
LOTSIZE 5.2239E-5 1.574 .1155 9.6096 2.088

SQFT 1.46E-4 2.225 .0261 77.9981 6.802
ROOMS .0445 2.117 .0343 5536.646 1.217
D_GAR .1278 2.651 .0080 24032 2.223

AGE -.0064 -2.408 .0160 -626.494 -1.302
DCB -.3345 -2.722 .0065 2573.411 0.108
DHW .1587 1.042 .2973 70304 2.880
D_KB -.0484 -0.395 .6928 93113 3.010
D...TV -.2004 -1.443 .1490 -13952 -0.512

DS51O .0293 0.521 .6026 -2348.11 -0.179
D_S 1020 .0259 0.453 .6507 7262. 104 0.535
D_S2030 .1282 1.600 .1096 25707 1.354
D_S30+ .1101 0.891 .3730 18092 0.688
Dj972 -.1162 -1.856 .0635 -13696 -1.040
DLC2 .2112 0.734 .4632 121840 2.764
D_LC3 -.0905 -0.952 .3409 20037 0.896
DLC4 -.0915 -0.883 .3770 -36191 -1.327
DLC5 -.1060 -1.233 .2176 -3208.86 -0.159
DLC6 -.0734 -0.902 .3671 -27239 -1.355

LDIST HWY .0823 2.734 .0063 131.7569 5.235
LDISTLT -.3380 -6.439 .0000 -87.7676 -4.015

LDIST_STREAM .0420 1.598 .1100 13.8726 0.763
LDISTLAKE -.0354 -0.533 .5939 -2.789 1 -0.240
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* Denotes that all estimates in the semi-log have been corrected for heteroskedasticity using White's
corrected variance/coyarjance matrix.

differences tend to contradict the argument made above that steep slopes have a positive

influence on property values. The zoning variables are in line with previous estimates;

land capability variables are still insignificant. There are some interesting differences in

the other environmental variables subset. The variables corresponding to distance to

highway and Lake Tahoe are fairly consistent with the only disparity being an larger

parameter estimate for LDISTLT in the expanded model. The more notable differences

deal with the other two variables, LDIST STREAM and LDIST..LAKE. The former

remains positive, but is close to being significant at the .10 level, which means that

increased proximity to streams reduce property values. The sign on the latter also

SEMI-LOG MODEL LINEAR MODEL

Variable Name Estimated
Coefficient

TStat* PVaIue* Estimated
Coefficient

T-SIIt

CEJOO 2.4210E-5 1.429 .1529 3.4322 0.552
CE 500 -3.00E-7 -0.314 .7533 -.3560 -1.297
CE2000 -2.78E-7 -0.402 .6873 -.0660 -0.522
CTCjOO 5.252E-6 0.898 .3694 -1.4834 -0.804
CTC500 6.49E-7 1.732 .0834 -.1493 -1.582

CTC...2000 2.07E-7 4.317 .0000 .0118 0.960
LTBMU 100 -8.232E-6 -2.017 .0437 -1.2225 -0.884
LTBMU 500 1.070E-6 3.508 .0005 .0163 0.240
LTBMU 2000 -9.9040E-9 -0.445 .6560 -.0072 -1.43 1

SB_100 6.046E-6 0.615 .5385 -.0018 -0.001
SB500 2.69E-7 0.745 .4562 .0465 0.532
SB2000 -1.22E-7 -1.139 .2548 -.0258 -1.258

CAPK 100 2.9903E-5 1.681 .0929 .4629 0.077
CAPK_500 2.89E-7 0.513 .6080 .1766 1.485
CAPK_2000 -2.3444E-8 -0.5 19 .6036 .0073 0.689

R2
Adj R2

F-Statistic

.6788 -

.6588
1385.87

.5329

.5039
18.366
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remains unchanged (negative), but it loses significance. The differences noted above are

relatively minor, and overall, the parameter estimates across models are quite stable.

The primary purpose of the expanded model is to evaluate the effect of each open

space type on property values. Each type was evaluated at the same three spatial

intervals as in the standard model. The first observation here is that the sign of the

parameter estimates do not exhibit any set patterns. Of the 15 variables, 6 have negative

coefficients, while 9 are positive. Negative coefficients are found for each type except

CTC-owned holdings. Next, the majority of open space variables are statistically

insignificant; only five out of fifteen variables have a significance level of .10 or less, of

which, 4 are positive and 1 is negative. Below is a brief analysis of each open space type.

Parameter estimates for conservation easements are all insignificant (at any level)

for all three intervals. Furthermore, the only interval that has a positive sign is CE 100; it

comes the closest to being significant with a p-value of .1529. These results suggests that

any amenity value generated by easements only accrue to properties in very close

proximities.

California Tahoe Conservancy holdings have a positive sign at all three intervals,

and are significant (.10 level) at the 500 meter interval and significant (.05 level) at the

2000 meter interval. Furthermore, the significance of CTC2000 is strong (p-value =

.0000). This suggests that CTC-owned holdings positively effect property values mainly

when they are a significant portion of the general landscape. Evaluated at the mean

property value, an additional one acre of CTC-owned lands within a 500-2000 meter

radius results in a $170 increase in property value, holding all else constant.
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National Forest lands managed by the Lake Tahoe Basin Management Unit

(LTBMU) exhibit odd results. The coefficient is negative at 100 meters, then switches to

positive at 500 meters, and reverts back to negative at 2000 meters. Furthermore, the 100

and 500 meter intervals are both significant at the .05 threshold. Significance at both

intervals is surprising since the coefficients have different signs. These results, evaluated

at the mean property value, translate as follows: an additional one acre of LTBMU lands

within a 100 meter radius results in a $6,818 decrease in property value, while the same

marginal increase between 100-500 meters results in a $886 increase, holding all else

constant. At this point, the only explanation as to why LTBMU lands have a negative

influence at close proximities and a positive influence at more distant proximities is that

the timber harvests (i.e., clearcutting) on LTBMU lands may be a negative externality at

close proximities. The strong significance displayed at the 500-meter interval is believed

to be the driving force for the results obtained in the standard model.

USFS Santini-Burton acquisition lots are insignificant at all three intervals.

However, they do follow the expected pattern of parameter estimates decreasing as the

spatial interval increases. In general, these properties appear to have the least influence

on surrounding property values.

California State Park lands come the closest to meeting expectations. They are a

positive and significant (at the .10 level) influence at very close proximities. In addition,

CAPK_ 100 has the largest estimate of any of the open space variables (2.9903E-5). At

the other intervals, there is no significant influence on property values. Evaluated at the

mean property value, an additional one acre within a 100 meter radius results in a

$24,762 increase in property value, holding all else constant. This is a substantial figure
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especially when compared to the other results (i.e., the $170 increase with CTC holdings

described above)

HYPOTHESIS TESTING

There are five hypotheses that are the focus of this study. These hypotheses,

which evaluate various aspects of the value of open space, are formally tested below.

Hypothesis #1: Open space, as a whole, has a significant positive influence on

surrounding property valuesThe null hypothesis of no impact on property values can

only be rejected for one of the three variables, OS_500. Since the sign on the coefficient

is positive, it suggests that the amount of open space in the 100-500 meter range does, in

fact, positively influence property values in the Lake Tahoe basin of California. The

other two intervals, the area of open space in extremely close proximity (<lOOM) and in

the outlying areas (500-2000M), do not demonstrate an effect on a property's value.

Hypothesis #2: There is a decreasing positive impact from open space on

surrounding property values as the spatial interval at which proximity to open

space is measured increasesThis hypothesis is evaluating the change in the effect of

open space across the three spatial intervals in the model. Initially, the parameter

estimates were evaluated to determine whether their magnitude decreased as the interval

distance expanded. This is not the case here. The coefficient values are initially negative

(-3.09E-7 for OS 100), increase to 4.07E-7 (OS_500), and eventually decrease to

-2.397E-8 (OS_2000). Even though the expected pattern is not evident, further testing

was performed. Specifically, a joint hypothesis was performed to see whether all three



open space variables are equal and the equality of each pair of variables was also tested.

The results are presented in Table 13.

Table 13: Hypothesis #2 Results
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The F-statistic for this first test is 5.333, which corresponds to a p-value of

0.0695, which is close, but not significant, at the .05 level. Therefore, it cannot be

concluded that there is any difference between the effects of open space across distance.

However, since this test could be considered significant at lower confidence levels, it

may still be worthwhile to analyze the other tests. The hypothesis that there is no

difference between the effect of open space within lOOM and 100-SOOM, nor the

hypothesis that there is no difference between the lOOM and 500-2000M intervals cannot

be rejected. However, there is a significant difference between the influence of open

space between 100-500M and 500-2000M intervals. Overall, the expected relationship

across spatial intervals does not hold, but it should be noted that there does seem to be

some evidence that the effect of open space across spatial intervals is not uniform.

hypothesis

H0: OS 100 = 0S500 = 0S2000

F-Statistic P - Value Interpretation

HA: At least one equality is false .0695 Cannot Reject H0

H0: OS 100 = 0S500
HA: OS 100 0S500 0.045 .83 15 Cannot Reject H0

H0: OS 100 = 0S2000
HA: OS 100 0S2000 0.007 .9336 Cannot Reject H0

H0: OS 500 = OS2000
HA: OS 500 0S2000 4.962 .0259 Reject H0



Hypothesis #3: Different types of open space have significantly different marginal

implicit pricesFor the third hypothesis, individual paired F-tests were conducted for

each pair of open space variables. The null hypotheses are that the open space

coefficients are equal; the alternative hypotheses are that they are significantly different.

This can be formally written as:

H0: OS, = OS1

HA: OS1 OS where i andj refer to open space type

This procedure was performed at every spatial interval. The results are shown in Tables

14-A through 14-C.

Table 14-A: Hypothesis #3 Results - lOOM Interval

Note: If the F-Statistic exceeds 3.84, the null hypothesis of coefficient equality is rejected
at the .05 significance level. P-values are noted in parentheses.
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Variable CE CTC LTBMU BS CAPK

CE 1.15 3.32 0.89 0.05
(.2845) (.0685) (.3458) (.8 170)

CTC 3.53 0.01 1.63
(.0601) (.9408) (.2015)

LTBMU 2.12 4.48
(.1454) (.0343)

BS 1.46
(.2274)

CAPK



Table 14-B: Hypothesis # 3 Results - 500M Interval

Note: If the F-Statistic exceeds 3.84, the null hypothesis of coefficient equality is rejected
at the .05 significance level. P-values are noted in parentheses.

Table 14-C: Hypothesis # 3 Results - 2000M Interval
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Note: If the F-Statistic exceeds 3.84, the null hypothesis of coefficient equality is rejected
at the .05 significance level. P-values are noted in parentheses.

Variable CE CTC LTBMU BS CAPK

CE 0.97 1.87 0.29 0.30
(.3254) (.1715) (.5927) (.5858)

CTC 1.65 0.46 0.30
(.1987) (.4997) (.5824)

LTBMU - 3.41 1.89
(.0648) (.1691)

BS 0.00
(.9739)

CAPK

Variable CE CTC LTBMU BS CAPK

CE 0.52 0.15 0.05 0.13
(.4695) (.6959) (.8287) (.7145)

CTC 29.14 7.28 10.47
(.0000) (.0070) (.0012)

LTBMU 0.90 0.06
(.3439) (.8084)

BS 0.99
(.3 202)

CAPK
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The results show that the differences among types of open space are not as

extensive as anticipated. In the lOOM tests, only one of the ten possible variable pairs

tested significant at the .05 level. This significant difference exists between LTBMU-

CAPK. Furthermore, two more pairs, LTBMU-CE and LTBMU-CTC, tested significant

at the .10 level. All three relationships involve public lands managed by the Lake Tahoe

Basin Management Unit of the U.S. Forest Service. The parameter estimate for

LTBMU 100 is 8.232E-6, which is the only negative lOOM variable. Therefore, these

results suggest that the area of LTBMU lands within 100 meters of a property generally

generates less amenity value than other open space types in that same interval.

In the second set of tests at the 500M interval, differences among the open space

variables are even less evident. Only one pair is even significant the .10 level. Again, it

involved LTBMU lands: LTBMU500-SB500. However, in this case, LTBMU lands

generated relatively greater amenity benefits than USFS Santini-Burton acquisition

properties.

Finally, in the third set of tests, there were three pairs of variables with significant

differences. This time, all three pairs involved California Tahoe Conservancy-owned

holdings. The only other possible pair involving CTC lands, which does not illustrate a

significant difference, is with conservation easements managed by the CTC. This result

seems plausible since these holdings are managed by the same organization.

Overall, only four out of thirty variable pairs tested significantly different at the

.05 level, and only slightly more, seven out of thirty, tested significant at the .10 level.

Therefore, with the exception of a few notable differences involving specific variables,



the inference is clear that most types of open space do not have significantly marginal

implicit prices.

Hypothesis #4: The positive influence from open space will be smaller on

undeveloped land relative to developed propertiesIn order to determine whether

open space has a unique impact on developed versus undeveloped properties, interactive

dummy variables are used. In this case, three interactive dummy variables were created;

they are IV 100, P1500, and 1V2000. They represent the dummy variable for presence of

a house on a property (D_HOUSE) interacting with the open space variable at each

interval:

1V100 = DHOUSE * OS 100

1V500 = DHOUSE * 0S500

P12000 = DHOUSE * 0S2000

The parameter estimates for these variables will demonstrate the effect of open

space on developed properties relative to undeveloped properties, at each spatial interval.

The coefficient on these variables equal the estimated percentage change in developed

property values relative to undeveloped properties as a result of a one square meter

increase in the area of open space. The Standard Model was re-run with the addition of

the interactive dummy variables. The results from the Stage 1 regression are detailed in

Table 15.

The regression results show that there is little difference in the effect of open

space on developed versus undeveloped properties within 100 meters. At the 100-500

interval, it appears that open space has a smaller effect on developed property values

relative to undeveloped lots, but this result is statistically insignificant. However, P12000
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Table 15: Hypothesis # 4 Results - Regression Results for the Interactive
Dummy Variables
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* All variables have been corrected for heteroskedasticity.

is positive (.000000183) and highly significant (p-value = .0011). This means that an

additional square meter of open space between 500-2000M leads to a .0000 183 % greater

increase in developed property values relative to undeveloped property values. Evaluated

at the mean property value, the value of a typical developed property increases by $37

more than that of a typical undeveloped property for every additional 1000 square meters

of open space in the 500-2000 meter range.

The fact that this test indicates that there is a positive and significant differential

at the largest spatial interval seems to support the theory behind this hypothesis. It was

thought that the presence of open space may lead to stricter land use controls and thus

negatively affect undeveloped property values. However, this phenomenon is not likely

to appear in areas with only isolated amounts of open space at close proximities. Instead,

it would be more common to find active land use policy in larger regions, with an

abundant amount of regional open space, which have the ability to implement these types

of controls. These regions are theoretically represented by the 2000M variables here.

Interactive Variable Name Estimated Coefficient TStat* PValue*

IV 100 0.000000660 0.033 .9740

P1500 -0.000001612 -1.502 .1332

1V2000 0.000000183 3.277 .0011



However, the instability of coefficient signs and significance across all three intervals

indicate that these results should be interpreted cautiously.

Hypothesis #5: Open space is valued differently by different communities with

greater value evident in more populous (urban-like) communitiesIt is hypothesized

that open space influences property values more in higher population communities that

exhibit more urban-like characteristics. As in the hypothesis above, the approach here is

to create interactive dummy variables of the communities in the model with the three

open space intervals. As a result, twelve variables were created. They are:

DCB 100 = DCB * OS iOO
DHW100=DHW*OS100
DKB100=DKB*OS100
DTV 100 = DTV * OS 100

DCB500 = DCB * 0S500
DHW500 = DHW * OS 500
DKB500=DKB*0S500
DTV500 = DTV * 0S500

DCB2000 = DCB * 0S2000
DHW2000 = DHW * OS 2000
DKB2000 = DKB * 0S2000
DTV2000 = DTV * 0S2000

These variables illustrate the effect of open space area within meters on

property values in community X relative to property values in Tahoe City. For example,

the coefficient for DCB 100 can be interpreted as follows: a marginal one square meter

increase in the area of open space within 100 meters leads to coefficient (expressed as a

percent) change in property values in Carnelian Bay (CB) relative to properties in Tahoe

City (TC). The results from the Stage 1 regression are summarized in Table 16.
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Table 16: Hypothesis # 5 Results - Regression Results for Community
Interactive Dummy Variables
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* All variables have been corrected for heteroskedasticity

The omitted community, Tahoe City, was the most populous community in the

study area. As a result, it is expected that the interactive variable coefficients will have

negative signs. In other words, it was hypothesized that open space has a greater positive

influence in Tahoe City relative to the other communities. Out of the twelve interactive

variables in the model, only five had a negative sign, of which none tested significant at

the .05 level. One coefficient did test significant at the .10 level (DHW 100). As for the

Interactive Variable Name

DCB 100

Estimated Coefficient

0.000005050

TStat*

0.583

PVaJue*

0.5602

DHW100 -0.000104 -1.736 0.0825

DKB100 0.000007443 1.139 0.2548

DTV100 0.000051589 1.984 0.0472

DCB500 0.000000260 0.490 0.6239

DHW500 0.000003759 1.876 0.0606

DKB500 -0.000000435 -0.948 0.3429

DTV500 -0.000001657 -1.449 0.1472

DCB2000 4.0025E-8 0.542 0.588 1

DHW2000 -0.000000115 -0.786 0.43 18

DKB2000 0.000000103 3.100 0.0019

DTV2000 -0.000000110 -1.401 0.1613



The results above demonstrate that there are differences among communities in

the study area, but it is necessary to perform additional testing to identify the nature of

these differences. As a result, individual paired F-tests were performed for all the

possible different combinations of interactive variables at each interval, similar to

hypothesis #3. These results are detailed in Tables 18-A through 18-C.
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variables with positive coefficients, two tested significant at the .05 level (DTV 100 and

DKB2000). In general, the results from the Stage 1 regression do not support this

hypothesis.

To confirm these initial results, further testing was performed. A joint hypothesis

was tested to determine if there were any differences between the interactive dummy

variables at each spatial interval. The results are detailed in Table 17. The results show

that there are significant differences (at the .05 level) between the variables in the 2000M

interval. As for the 100 and 500M intervals, the variables are significantly different at

the .10 level.

Table 17: Hypothesis #5 Results - The Joint Hypothesis Test for Differences
Among the Community Interactive Variables

Hypothesis F- Stat P Value Interpretation

H0: DCB 100 = DHW100 = DKB 100 = DTV100 6.546 0.0879 Cannot Reject H0
HA: At least one equality is false

H0: DCB500 = DHW500 DKB500 = DTV500 6.778 0.0793 Cannot Reject H0
HA: At least one equality is false

H0: DCB2000 DHW2000 DKB2000 DTV2000 8.509 0.0366 Reject H0
HA: At least one equality is false



Table 18-A: Hypothesis #5 Results - Testing Differences Among Market
Segments at the 1 OOM Interval

Note: If the F-Statistic exceeds 3.84, the null hypothesis of coefficient equality is
rejected at the .05 significance level. P-values are noted in parentheses.

Table 18-B: Hypothesis # 5 Results - Testing Differences Among Market
Segments at the 500M Interval

Note: if the F-Statistic exceeds 3.84, the null hypothesis of coefficient equality is
rejected at the .05 significance level. P-values are noted in parentheses.
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Variable DCB500 DHW500 DKBSOO DTV500

DCB500 - 2.97 1.51 2.31
(.0847) (.2186) (.1289)

DHW500 4.26 5.74
(.0389) (.0166)

DKB500 - 1.09
(.2956)

DTV500

Variable DCB 100 DHW100 DKB 100 DTV100

DCB100 3.33 0.10 3.04
(.0682) (.7567) (.0813)

DHW100 3.46 5.77
(.0627) (.0163)

DKB100 2.87
(.0904)

DTV100



Table 18-C: Hypothesis #5 Results - Testing Differences Among Market
Segments at the 2000M Interval

Note: If the F-Statistic exceeds 3.84, the null hypothesis of coefficient equality is
rejected at the .05 significance level. P-values are noted in parentheses.

In order to compare variables, each community had to first be subjectively ranked

in order of "urban-like" characteristics. From the demographic data, the following order

was adopted: Tahoe City (most urban-like), Kings Beach, Tahoe Vista, Homewood, and

Carnelian Bay (least urban-like). Note that the interactive dummy variables

corresponding to Tahoe City were omitted from the model.

At the lOOM interval, there is one significant paired relationships, and two more

when the significance threshold is relaxed to .10. All three relationships involve Tahoe

Vista. The results show that the effect of open space in Tahoe Vista is significantly

higher than in Carnelian Bay, Homewood and Kings Beach. The fact that this

relationship exists between Tahoe Vista and Camelian Bay/Homewood support this

hypothesis based on the rankings above. However, the fact that the effect is significantly

higher than in Kings Beach is contradictory. In addition, the regression results, which
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Variable DCB2000 DHW2000 DKB2000 DTV2000

DCB2000 0.90 0.64 2.11
(.3419) (.4220) (.1467)

DHW2000 2.13 0.00
(.1444) (.9732)

DKB2000 6.84
(.0089)

DTV2000
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shows the relationship between Tahoe Vista and Tahoe City (DTV 100), also does not

support this hypothesis since the coefficient is positive and significant.

At the 500M interval, the only two significant relationships have the effect of

open space as being greater in Homewood than in both Tahoe Vista and Kings Beach.

Since Homewood is ranked less "urban-like" than either of these communities, these

results do not support the hypothesis either. In addition, the results from the Stage 1

regression also shows that open space in Homewood (DHW500) has a greater effect than

in Tahoe City at the .10 level of significance, which also contradicts the premise of this

hypothesis.

Lastly, at the 2000M interval, there is only one significant relationship. It is that

the effect of open space in Kings Beach is greater than the effect in Tahoe Vista. In this

case, the results do support the notion that open space is more valuable in communities

with more relative urban-like characteristics.

In general, though, there is no clear pattern that demonstrates that open space is

valued more by more urban-like communities. There is evidence, however, that there are

differences in the effect of open space across communities. It also appears that these

differences are more prevalent in closer proximities, and tend to fade as proximities get

larger. There are several reasons why the expected results were not derived. First, the

manner in which communities were ranked may not accurately represent the "urban-like"

characteristics of a community Instead, a measure of housing units per square meter

may be more appropriate, but was not available. Second, the differences in "urban-like"

characteristics across communities may be negligible in the study area. The region, as a

whole, is not urban. Instead, it is a relatively lightly populated, mountainous area with



little distinction across communities. The fact that there were measurable differences

then leads to the question - why do these differences exist? That question can not be

answered here, but may be the subject of further research.
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VIII. CONCLUSIONS AND RECOMMENDATIONS

As the loss of open space continues, its conservation will undoubtedly become an

increasingly important policy issue. Efficient land use policy needs to consider all the

characteristics that open space exhibits. In particular, the fact that it is not directly traded

in a market means that the existing allocation of open space may not adequately represent

consumers' preferences. Ignoring the value that open spaces provide may lead to an over

supply of developed properties and an under supply of protected open space.

In order to better understand the value that open space provides, this study

employed the hedonic property-pricing model in an attempt to quantify this value in the

Lake Tahoe Basin in California. The hedonic model used here infers values regarding

housing attributes by utilizing regression analysis in modeling the sales prices of

properties as a function of these same attributes. In this study, the attributes (variables)

of interest are measures of proximity to open space.

In addition to evaluating the effect of open space as an aggregate, this study

further analyzes the value of proximity to open space by type of open space. The specific

open space types evaluated here are: California Tahoe Conservancy conservation

easements, California Tahoe Conservancy fee-title holdings, Lake Tahoe Basin

Management Unit (USFS) National Forest, USFS Santini-Burton Act acquisition

properties, and California State Parks. It was anticipated that there would be differences

in the influence each open space type had on properties because of the physical and

management-related differences exhibited by these lands

One key aspect in correctly specifying the hedonic model and thus obtaining

robust results is to properly represent the manner in which variables enter the model. In
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other words, the specific measures used to characterize variables should capture

consumers' preferences. This study implements a relatively new approach in

characterizing proximity relationships for the environmental (open space) variables of

interest. Instead of using distance to nearest open space as the measure of proximity,

proximity is measured by calculating the area of open space within certain pre-defined

distances. This approach was selected since the study area is predominantly open space

and simple distance measures may not fully capture the effect of open space beyond the

nearest open space parcel.

The first stage regression of the hedonic model analyzed the relationships

between property sales prices and their structural characteristics, neighborhood attributes

in which they are located, and the amenity values of open space and other environmental

attributes. As stated above, the open space variables are characterized by area

relationships. More specifically, the focus of this model is to determine whether the area

of open space within 100 meters, between 100 and 500 meters, and between 500-2000

meters significantly influences property values. In addition, the model also evaluates the

influence of proximity to Lake Tahoe, streams, and lakes. A semi-log functional form

was selected.

The results of the first-stage analysis were mixed concerning the effect of open

space on sales price. Of the three spatial intervals at which open space was measured,

only the variable representing amount of open space between 100-500 meters had a

positive coefficient. It is also the only open space variable considered significant at the

.05 level. This means that open space within close distances (100 meters) and large

distances (500-2000 meters) did not have a statistically significant effect on property
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values. The explanation for these results is not clear. In the former case, it may be that

properties with relatively greater open space at very close proximities are subject to

increased activity (i.e., public access) or logging externalities. In the latter case, the

amount of open space in the general area may have no effect because of the fact that the

entire region already consists of substantial amounts of open space. The fact that the

middle interval (OS_500) is positive and significant suggests that this distance may be far

enough to avoid any tourism issues, but still close enough to benefit from any amenities

generated such as view and recreation. Interpreting the result for OS_500 at the mean

selling price, an additional one acre of open space within 100-500 meters of a property

leads to a $360 increase in property value. When the model examines open space by

type, the results are even less uniform. Only five out of the fifteen variables are

significant (.10 level) with one of them (LTBMU_100) demonstrating a negative effect

on property values.

In comparison, the "other" environmental variables seemed to play a greater role

in determining property values. In both the Standard and Expanded models, the distance

to Lake Tahoe and distance to nearest major highway exhibited strong relationships with

property values. In quantitative terms, increasing the distance to Lake Tahoe and the

nearest highway by one meter leads to a decrease of $63.34 and increase of $ 37.46 in

property values, respectively. The magnitude of these estimates are substantially greater

than those for open space.

APPLICATION OF ESTIMATED MODELS

Even though the empirical results of this study are not exceptionally significant,

there are some important findings. There is some evidence that, at certain proximities,
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open space increases the value of surrounding properties. Therefore, protecting open

spaces does not necessarily reduce fiscal revenue in a region since increases in the value

of surrounding properties may offset any losses resulting from decreasing tax rolls. This

study did not quantify actual fiscal impacts, so it is not clear whether increases in open

space in the Tahoe basin would increase or decrease property tax collections. In addition,

these results can provide guidance in developing financing options for open space

acquisition programs. Economically efficient policy here would entail a tax on property

owners that potentially benefit from these programs. This means property owners located

within the identified region of impact should pay an additional premium above regional

landowners who also experience general public good benefits. Although political

pressures may not support these conclusions, they still need to be considered.

The hypotheses tested here have also generated some results that can provide

insight to resource decision-makers. First of all, there appears to be very little difference

in the effect of open space by type. Therefore, resource managers may not need to pay

significant attention to the type of open space when targeting open spaces properties for

protection or development. Secondly, it appears that open space does have a relatively

greater positive influence on developed properties as opposed to vacant parcels. Again,

this may help decision-makers in evaluating location-specific projects thereby generating

maximum benefits to an area.

As with all quantitative studies, one must consider whether the model was

correctly specified when interpreting results. Certain factors that influence property

values could not be measured because of a lack of data, such as view quality; proxy

variables, such as slope, were used instead. Proper functional form for the regression
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equation is also a concern. Moreover, this study ignores the possibility of spatial

autocorrelation in the model, a phenomenon where observation errors are related through

their specific geographic location (Dubin, 1988). The consequence of spatial

autocorrelation is biased estimates of standard errors. According to Dubin, this study

follows a broad pattern of research that admits a problem may exist, but relegates it to

further research.

RECOMMENDATIONS FOR FUTURE RESEARCH

Every research project uncovers additional areas of research that may help

understand the issues at hand. This study is no exception. Opportunities for further

research come from two specific areas: using a different measure of proximity to open

space and conducting similar studies in other locations.

This study chose to use an area relationship instead of a distance relationship in

measuring proximity The rationale for this choice was clearly detailed throughout the

study. However, the same reasons detailed for implementing this new approach can also

be used for traditional techniques. Using area relationships was thought to be more

appropriate for the study area since there is a large amount of open space present, and

ignoring outlying open space can affect the model. However, another argument can be

made where the region is comprised of so much open space that it is only those open

spaces in immediate proximity that influence a consumer's choice to purchase property,

not regional characteristics that are shared by everyone in the region. Therefore, I

suggest that a similar study in the same area be conducted where distance to nearest open

space is used as the measure of proximity A comparison of results from the two
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approaches has the potential to offer important insight into the issue of measuring

proximity relationships in hedonic studies.

It would also be beneficial to conduct similar hedonic studies in other locations.

The first suggestion is that a study area be selected that is similar in nature to the Lake

Tahoe Basin (i.e., predominantly open space), but does not have a dominant

environmental amenity like Lake Tahoe. Access to, and view of, Lake Tahoe may

overshadow any amenity benefits generated by open space. The second suggestion is that

a similar hedonic evaluation of open space be conducted in an urban setting. To date,

there have been attempts of measuring the value ofopen space in urban areas, but have

either been limited in observations or have not used the measure of proximity used here.

A comparison of results generated here with those from an urban setting can clearly

demonstrate the differences in perception of open space by urban and non-urban property

owners.
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GEOGRAPHICAL INFORMATION SYSTEMS (GIS) PROTOCOL

This study utilizes regional GIS databases and ArcView/Arclnfo software to

generate critical spatial data required for this analysis. Data were obtained through the

California Tahoe Conservancy and the Tahoe Regional Planning Agency. The TRPA has

one of the most extensive GIS programs in the Tahoe Basin, called the Tahoe

Environmental Geographic Information System (TEGIS). A large portion of it was

created through a cooperative agreement with the U.S. Geological Survey. All data are

projected in UTM Zone 11 and map units are in meters. The following section details the

specific GIS techniques used as they relate to each respective variable that was subjected

to GIS analysis.

Dependent Variable (Sales Price - Properties Sold)To be able to perform spatial

analysis on the properties sold in the study area, they first had to be mapped into a GIS

coverage. This was done by opening the Placer County Parcel Map polygon coverage,

which was obtained from the California Tahoe Conservancy, in ArcView. Then, each of

the 719 parcels in the final data set were identified in the coverage's attribute table and

highlighted. The highlighted features were then converted into their own coverage

(shapefile) with ArcView's Convert to Shapefile command.

Slope VariablesThe GIS coverage representing slope characteristics of properties in of

the Lake Tahoe basin was obtained from the Tahoe Regional Planning Agency. In order

to determine what the slope of each property sold was, this polygon coverage had to be

spatially overlaid with the Properties Sold coverage. A spatial overlay is GIS term that
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simply means taking one coverage and superimposing it over another coverage. This

allows two coverages to be viewed simultaneously and their spatial relationships to be

analyzed through certain GIS capabilities. For this procedure, ArcView was used to find

in which particular slope feature the center of each property sold was located. The value

of this slope feature is the value used for the Slope variable in the model. It should be

noted that this technique ignores the fact that the entire area of a property may not have

the same slope; only the center of the property was used because it was the GIS function

believed to provide the best approximation of slope for each property.

Land Capability VariablesThe Tahoe Regional Planning Agency (TRPA) provided the

GIS coverage for land capability. A similar procedure to that described above for the

slope variables was used to calculate land capability for each property. However, the

characteristics of land capability did not allow this study to ignore parcels that fell across

multiple land capability features. This is because zoning regulations allow parcels to

have more than one land capability rating. As a result, a two-tiered approach had to be

used here. First, instead of using ArcView to find which land capability features

contained the center of each property sold, it was used to identify those features that

completely contained the entire polygon of each property sold. This was sufficient for

those parcels that actually fell completely within a certain land capability class, but this

was often not the case. The second-tier of this approach entailed that each property not

identified in Tier 1 be individually analyzed by visually approximating the percentage of

area that fell across land capability features.
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Distance Variables (Highway, Lake Tahoe, Stream, Lake)The GIS coverage for road

network, which included major highways, was obtained from the TRPA while the other

three coverages (Lake Tahoe, Steams, and Lakes) were obtained from the CTC. Each of

these coverages, in addition to the Properties Sold coverage, had to be modified in order

to perform distance calculations. The reason being that distance calculations in Arclnfo

can only be made from point to point or point to polyline coverages. As a result, the

Properties Sold polygon coverage (shapefile) was first converted to an Arclnfo polygon

coverage, and then the CREATELABELS command was used to convert it from a polygon

to a point coverage. Therefore, each property sold was now represented by a point in the

center of its original polygon. As for the road network coverage (shapefile), it first was

narrowed down to the three state highways running through the region (Hwy. 89, Hwy.

28, and Hwy. 267) by simply selecting those features from the larger road network

coverage and then converting it to its own coverage (shapefile) using ArcView. It was

then converted to an Arclnfo coverage; no further transformations were needed since it

was already a polyline coverage. As for Lake Tahoe, the ArcView coverage was first

converted to an Arcinfo coverage, and then transformed from a polygon coverage to

polyline coverage using the CREATELABELS command in Arclnfo, thus allowing

distance to its border (not its center) to be measured. The same procedure was performed

for the Streams coverage. However, it originally included Lake Tahoe's borders, which

had to be subsequently removed so that no overlap existed. Finally, the Lakes coverage

was converted to an Arclnfo coverage, and the converted again from a polygon to a point

coverage using the CREATELABELS command. Therefore, each lake is represented by a

point in the center of its original polygon during the distance calculations. Note: It is not
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understood why the conversion of the Lake Tahoe polygon coverage resulted in a

polyline coverage while at the same time the conversion of the Lakes polygon coverage

resulted in a point coverage. Nevertheless, the fact that the lakes in the region are

significantly smaller than Lake Tahoe leads me to believe that there will be no loss of

efficiency as a result.

Once these modifications were performed, Arclnfo's NEAR command was used

to calculate the distance (in meters) from the Properties Sold point coverage to the

nearest line or point in the other modified coverages. All measurements were rounded to

the meter.

Open Space VariablesThe proximity relationships included in the model are

characterized by the area of open space found within 0-100, 100-500, and 500-2000

meter buffer of each property sold. This is a new method of interpreting proximity

relationships and is substantially different than typical distance relationships utilized in

other hedonic studies. It is felt to provide a more comprehensive measure of proximity

than simple distance measures for public goods.

The GIS approach to determining these proximity relationships is complex. First,

all coverages (Properties Sold and each open space type) had to be converted into

Arclnfo coverages since it is the GIS program with the capability to calculate these

relationships for a large number of observations. Next, the Properties Sold polygon

coverage was converted to a point coverage so that a .1, .5 and 2 KM buffer could be

created around each point using the BUFFER command. Then, each buffer was spatially

overlaid with each open space type to determine the area of each open space type that

was located within each respective buffer area for each property sold. This was done by
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using the CLIP command in Arclnfo. Area measurements were recalculated to get

measurements for the each specific buffer; the 100-500 meter buffer was calculated by

subtracting area of open space within 100 meters from area within 500 meters, and 500-

2000 meter buffer was calculated by subtracting area of open space within 500 meters

from area within 2000 meters.




