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ABSTRACT 

 
This dissertation examines the incidence of development impact fees on housing and land 

markets by empirically estimating house and land price effects and effects on new housing 
construction in Dade County, Florida from 1985 through 2000. The demographic, economic, and 
political situation in Dade County is discussed in reference to the County’s eventual adoption of 
impact fees as a public finance tool for generating revenue to fund infrastructure construction. 
Previous work on impact fees is analyzed, including theoretical literature that provides the 
foundation for the empirical work undertaken, as well as empirical literature on impact fee 
effects in other jurisdictions. 

A distinction is made between the two primary theoretical approaches to impact fee 
incidence, described as the “old view” and the “new view” theories. The theoretical differences 
imply three empirically testable hypotheses of the new view: the effect on new house prices can 
be greater or less than the fee and will equal expected future property tax savings, the effect on 
existing house prices will equal the effect on new house prices, and the effect on land prices will 
depend on whether the expected future property tax savings is larger than the impact fee amount. 

A metropolitan housing market model (DiPasquale and Wheaton’s stock-flow model) is 
used to describe variation in price indices for constant-quality new and existing homes and 
vacant land in Dade County using county and region-specific variables, including a continuous 
measure of effective impact fees. Results show that an additional dollar of impact fees increases 
prices on both new and existing homes by about $1.60 which is shown to be consistent with 
expected future property tax savings, lending empirical support to the new view theory of impact 
fee incidence. Land prices fall in the presence of impact fees which is inconsistent with the new 
view, but hypothesized to be due to developer uncertainty whether future fees to be paid will 
justify a particular land price bid or will cover the future received house price. The presence of a 
land price effect implies an impact on new housing construction, and the stock-flow model and 
Mayer and Somerville’s price change model estimates the effect impact fees have on housing 
starts. The suggested developer uncertainty attributable to the use of impact fees manifests itself 
in an estimated drop in new housing construction. 

The results provide support for the new view theory of impact fee incidence and are 
generally inconsistent with the old view. Developer uncertainty over future impact fee amounts 
could be tempered by predictable and consistent increases in impact fees as infrastructure 
construction costs rise. 
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CHAPTER 1 

INTRODUCTION TO IMPACT FEES AND THEIR USE IN DADE COUNTY 

 
 
 
 

Introduction 

 
The use of development impact fees as a form of public finance by local communities is a 

relatively recent phenomenon. Primarily devised as a way to shoulder new development with the 
costs of new public services, impact fees generally are structured so that land developers pay a 
fee proportionate to the capital costs associated with providing new public services to that 
development. Fees help pay for the capital necessary for the construction of new roads, parks, 
schools, and fire and police services. In most communities, the use of impact fees as a financing 
mechanism is a result of rapid population growth that outstrips existing public service capacity or 
new public infrastructure construction, as well as household or voter disapproval of increases in 
property taxes (one of the typical funding sources of such construction). Faced with growing 
demands for services to support new development and a concomitant unwillingness of existing 
homeowners to fund infrastructure construction that often does not serve them, local 
governments in certain communities have begun to embrace impact fees as a viable alternative to 
the property tax that also meets with strong voter approval. 

This chapter will describe the demographic and institutional environment in Florida 
during the period where development impact fees come into use and grew in popularity among 
its jurisdictions. Section II describes the population changes and influx of households that took 
place in Florida over the 1980s and 1990s, and how this growth affected local governments’ 
abilities to provide public services to the new developments. Though Florida is somewhat unique 
in that, unlike other states where impact fees are frequently used, there is no specific impact fee-
enabling act or law, Section III will discuss the Florida law that expressly recommends the use of 
impact fees in local communities, the 1985 Growth Management Act. Section IV will outline the 
major ordinances establishing Dade County’s impact fee system. Section V will discuss some of 
the relevant Florida case law that addresses the use of impact fees. After the legal groundwork is 
in place, Section VI will discuss a survey conducted among Florida communities inquiring about 
their use of impact fees as a finance mechanism. Concluding remarks follow in Section VII. 
Later chapters will then analyze the effects that these fees have had on housing and land markets 
in Dade County. 

 
Florida’s Demographic Changes 

 
The strain on and demand for public services in Florida began to be felt in the 1970s with 

the rapid growth in population. From 1970 to 1980, the population of Florida increased by 
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43.5%, from 1980 to 1990 by 32.7%, and from 1990 to 2000 by another 23.5%, while the nation 
as a whole over those decades grew 11.4%, 9.8%, and 13.1%, respectively. The same period saw 
declines in the share of expenditures for highways and increased concern among drivers about 
road congestion. In 1960 state expenditures on highways was 30.3% of total expenditures; this 
fell to 14.6% in 1970, to 12.8% in 1980, and to 8.0% in 1990.1 A 1987 St. Petersburg Times 
story, describing the inability of infrastructure construction to keep pace with population growth, 
noted “In Florida alone, an estimated $30 billion to $50 billion will be needed during the next 
decade to pay for building, improving and maintaining the roads, sewers, and water systems for 
the state’s exploding population.”2 In the city of Miami, highway expenditures as a share of total 
expenditures fell from 7.2% to 3.1% from 1980 to 1990.3 

Along with road congestion, Florida’s schools were also quickly crowding due to the 
influx of new households. In Dade County’s school system,4 enrollment in elementary and high 
schools increased by almost 40% between 1984 and 1995. This translated into the need for new 
schools, and the school district’s construction budget rose from $181 million in 1992 to $841 
million in 1995. State funding for education also fell over this period. From 1984 to 1999, real 
total state expenditures in Florida increased from $9.93 billion to $25.5 billion, or about 157%, 
whereas real state expenditures on education increased from $3.95 billion to $8.26 billion, or 
only about 110%. Further, from 1985 to 1999 real per capita total state expenditures increased 
from $1,052 to $1,687 or about 60%, whereas real per capita state expenditures on education 
increased from $407 to $546 or only about 34%.5 

The combination of high population growth and inadequate provision of public service 
infrastructure led many Florida communities to experiment with different financing mechanisms 
and with different methods for managing the new development with them. The state legislature 
also sought to guide the local jurisdictions on the proper management of their land, especially as 
it concerned urban sprawl and environmental degradation. 

 
Growth Management Act 

 
To address citizens’ concerns over what were believed to be the negative effects of rapid 

population growth, the Florida legislature passed the Growth Management Act (GMA) of 1985 
with broad voter support. There are two primary goals the Act aims to achieve: the control of 
urban sprawl in quickly developing communities, and the provision of public service 
infrastructure that occurs concurrently with the development.6 Local communities were given the 
authority to actively achieve these goals by the Local Government Comprehensive Planning Act 

                                                 
1 Statistical Abstract of the United States. 

 
2 James Greiff, “Impact Fees Pay Bill for Growth,” St. Petersburg Times, 5 April 1987. Business section, p. 11. 
 
3 Statistical Abstract of the United States. 

 
4 In Florida, school districts and counties share the same geographic boundaries. 
 
5 Statistical Abstract of the United States. 

 
6 A more detailed analysis of the GMA is provided by Holcombe and Staley (2001). 
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of 1975, which recognizes broad regulatory and planning powers of local governments.7 While 
the Act is somewhat vague in defining the problems it is meant to solve (e.g., no specific 
definition is given for urban sprawl), it clearly identifies the institutional process by which local 
communities are to manage their growth. The GMA states that local communities are to design 
comprehensive plans that specify how all land within the jurisdiction may be used. These plans 
are then submitted for review by Florida’s Department of Community Affairs (DCA) to 
determine their compliance with the GMA. 

The GMA appeared to have been written to establish a bottom-up process, where local 
communities were primarily responsible for the planning process, while the DCA would judge 
whether the plan complied with the GMA. The process has evolved, however, into one where the 
DCA now exercises considerable strength in shaping communities’ plans by rejecting those that 
not only are not in compliance with the GMA, but that do not further its goals. The most binding 
constraint of the GMA on local communities has been DCA’s policy of rejecting plans that it 
believes do not adequately address urban sprawl. 

The other goal of the GMA is to provide the infrastructure for public services and 
facilities concurrently with development. This policy has proven to be most binding on the 
provision of roads: if the construction of roads that serve a proposed development cannot be 
completed at the time the development is expected to generate traffic, then the development 
cannot proceed. 

One of the tools specified and recommended by the GMA that is available to local 
communities in meeting the concurrency requirement is impact fees. The Act notes “This section 
shall be construed to encourage the use of innovative land development regulations which 
include provisions such as transfer of development rights, incentive and inclusionary zoning, 
planned unit development, impact fees, and performance zoning.”8 While it does not mandate 
impact fees as a tool of local public finance, the Florida GMA certainly spurred communities to 
experiment with them and enact ordinances establishing the payment of impact fees as part of the 
development process. 

 
Dade County Impact Fee Ordinances 

 
Dade County enacted its first impact fee ordinance in December 1988 when it passed 

Ordinance 88-112 establishing a road impact fee “to fund a portion of the otherwise unfunded 
capital costs of required new roadway facilities (pg. 4)” that would “ensure that all new 
development bears its proportionate share of a portion of the capital cost of road facilities 
necessary to allow an adequate level of roadway service (pg. 5).” The ordinance stipulated that 
no new building permits would be issued by Dade County unless and until the applicant paid the 
fee. The road fee was $879 per single-family detached residential unit of development and was 
uniform throughout the county.9 The ordinance established six road fee benefit districts to ensure 

                                                 
7 Florida Statutes Chapter 163, Part II. The Act was amended in 1985 and renamed the Local Government 
Comprehensive Planning and Land Development Regulation Act. Further examination of this Act is given in Nelson 
(1988). 
 
8 Florida Statute Section 163.3203(3), as quoted in Nelson (1988). 
 
9 The fees listed in this section are those that apply to the present analysis; namely, single-family residential units. 
All of the ordinances contain fee schedules for other property types as well but their amounts are of little interest 
here. 
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that fees collected within a district would fund new road facilities within that district. A year 
later, the county passed Ordinance 89-130, which increased the number of benefit districts from 
six to nine in order to more closely match the benefit district boundaries with some of the 
municipality boundaries. Later, Ordinance 90-60 revised the boundaries of these nine benefit 
districts. 

In 1990, Dade County passed ordinances creating fire and emergency medical services 
and police impact fees. On March 20, Ordinance 90-26 was enacted “to provide a uniform level 
of fire and rescue services (pg. 3),” noting that “an adverse impact on the existing and future 
residents of Dade County would result without an impact fee to ensure adequate fire service 
facilities to service the needs of new development (pg. 6).” The ordinance created a $166.76 fee 
throughout the county per single-family residential unit to fund new fire and emergency medical 
services. Four fire fee benefit districts were established by the ordinance, which became effective 
March 30, 1990. Ordinance 90-31, which created the county’s first police impact fee, was 
adopted shortly thereafter on April 3 and became effective on April 13. The ordinance states that 
“Dade County must expand its law enforcement related land, facilities and equipment to 
maintain current levels of service if new development is to be accommodated without decreasing 
current standards (pg. 3).” The police fee was $94.92 per residential unit throughout the county, 
and established nine benefit districts. 

The first impact fee for parks and recreation was created when the county passed 
Ordinance 90-59 on June 19, 1990, which became effective June 29. The purpose was to provide 
for “additional public park open space and recreation facilities necessary to adequately serve the 
impacts and demands of new residential development (pg. 5).” The ordinance created nine 
benefit districts in the county, and was the first fee that was not uniform throughout the county. 
Consisting of a park open space fee and a park improvement fee, the total fee was uniform within 
each district, and ranged from $720 in district 8 to $1776 in district 4.10 Another unique element 
of the park ordinance is its gradual implementation: one-third of the total fee was to be paid 
during the first year of the ordinance (June 29, 1990 to June 29, 1991), two-thirds during the 
second year, and the full fee was in effect starting June 29, 1992. Later, as the county took the 
park ordinance under review, it passed Ordinance 92-82, which extended the two-thirds total fee 
period until January 1, 1993, after which the full fee was in effect. 

This set of impact fees prevailed until 1994, when substantial revisions to all of the 
existing fees were imposed. Noting that “it has become apparent, after four and one-half years 
since the road impact fee system has been on [sic] operation, that the [$879 fee]…is insufficient 
to meet present roadway construction, design and inspection costs (6/21/94 cover page 
memorandum),” Ordinance 94-134 was adopted on June 21, 1994 which increased the road 
impact fees. It also established two sets of fees depending on where the new development was 
located: $1,307 per single-family home if the unit was located outside of the urban infill area, 
and $1,242 per single-family home if the unit was located inside of the urban infill area.11 The 

                                                 
10 Fees are in nominal terms. 
 
11 The urban infill area is Dade County east of and including NW/SW 77 Avenue and S.R. 826 (Palmetto 
Expressway). 
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new road fees were to become effective October 1, 1994 but a later ordinance, 94-185, postponed 
the effective date until January 29, 1995.12 

Ordinance 94-167, passed September 13, 1994 and effective October 1, 1994, increased 
the police impact fee from $94.42 per residential unit to $101.29 per residential unit in order to 
account for “the increased cost of capital related items including buildings and equipment since 
the initial adoption of the [original] ordinance (9/13/94 cover page memorandum).” Ordinance 
94-168, also passed September 13, 1994 and effective October 1, 1994, increased the fire impact 
fee from $166.76 per single-family residence to $176.73 per single-family residence. Ordinance 
94-184, passed September 22, 1994 and adopted October 3, 1994, reduced the number of park 
benefit districts, and thus different park fees in the county, from nine to three. Park fees now 
ranged from $842.80 in district 3 to $1,453.40 in district 1 per single-family detached home. 

The latest impact fee was created by Ordinance 95-79 to “establish a fair share for all 
new residential construction for the purpose of mitigating the additional impacts on public 
education facilities in Dade County (5/2/95 cover page memorandum).” There was a need to 
“make up for this shortfall [of traditional revenue from new development below the cost of 
capital educational facilities] and ensure that the School Board can continue to provide adequate 
capital education facilities to accommodate new school age children (pg. 7).” The school fee is 
the only Dade County fee that is assessed partly on floor area of the unit, rather than on a per-
unit basis. The total fee is the combination of a base fee of $612 per new residential unit and a 
$0.918 fee per square foot of the unit. The ordinance created three benefit districts for the school 
fee. It was adopted May 2, 1995 and became effective October 1, 1995. 

The wording of the Ordinances makes clear that Dade County turned to the use of impact 
fees in order to maintain adequate levels of public service infrastructure. A frequent criticism of 
impact fees is that they are used to provide improved infrastructure to new residents, while 
existing residents must live with lower-quality infrastructure. While this may be true in some 
communities, the intent of the Dade County Ordinances appears to be to maintain current and 
adequate levels of infrastructure quality for all residents, and that this maintenance could not be 
achieved with traditional revenue mechanisms due to the county’s rapid growth. 

 
Court Cases 

 
As mentioned, the Local Governmental Comprehensive Planning Act recognized broad 

regulatory powers to local jurisdictions that were attempting to manage rapid development. The 
Act and its revisions were partially a response to Florida court cases dealing with the legality of 
impact fees: Contractors and Builders Association of Pinellas County v. City of Dunedin, 329 
So.2d 314 (Fla. 1976); Hollywood, Inc. v. Broward County, 431 So.2d 606 (Fla. 4th DCA 1983); 
and Home Builders and Contractors Association of Palm Beach County, Inc. v. Board of County 

Commissioners of Palm Beach County, 446 So.2d 140 (Fla. 4th DCA 1983). The two primary and 
related issues addressed in these cases are whether local governments have the authority to assess 
impact fees, and whether the fees are simply a tax on development.13 

                                                 
12 The postponement was due to “new requirements imposed by revisions to the South Florida Building Code, 
additional requisites due to sewer moratoriums and increased number of building permit applications,” which led to 
Building Officials not being able to process all permit applications by the October effective date. 
 
13 Florida law requires that new taxes can only be implemented by statute, and do not fall under the broad regulatory 
powers granted communities in the Comprehensive Planning Act and Growth Management Act. A more detailed 
discussion of the case law on impact fees can be found in Nelson (1988). 
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Despite recent circuit and appellate court decisions finding fees invalid,14 the Florida 
Supreme Court in 1976 held in Dunedin that a fee properly restricted to funding infrastructure 
capital and levied only on new residents is not necessarily a tax. The Dunedin case helped to 
shape the concept of rational nexus, noting that impact fees were not a tax if there was an 
appropriate nexus between the fee and the capital costs necessitated by new development. The 
Court ruling also furthered the growing experimentation with impact fees among local 
governments. 

The Hollywood case concerned a fee that Broward County assessed as a condition of plat 
approval to defray the capital costs of building new parks. The court did not agree with 
Hollywood, Inc.’s claim that Broward County lacked the constitutional or statutory authority to 
adopt the fee ordinance, noting that Broward County maintained broad home rule powers that 
did not prohibit it from passing the ordinance. The court also did not agree with Hollywood, Inc. 
that the fee was an invalid tax, and furthered the understanding of rational nexus by allowing 
impact fees that 1) pay for new infrastructure necessitated by new development,15 and 2) are 
specifically designated to benefit the new development. The court found that Broward County 
passed both of these requirements. 

In the Palm Beach case, the fee in question was a fee the county required for new 
development that generated road traffic. The court again found that Palm Beach had sufficient 
home rule power to enact fee ordinances, and also found authority to enact impact fees in the 
Local Government Comprehensive Planning Act. The court also found that the fee was not a tax 
given that Palm Beach County satisfied the Dunedin requirements. 

The result of these cases was to establish in Florida the rational nexus requirement for 
impact fees. If a local government wishes to enact impact fees as a public finance tool, it must 
demonstrate that new development sufficiently requires the provision of new public service 
infrastructure which the fee is funding, that the fee is proportional to the cost of the infrastructure 
that is required, and that the fee actually benefits the new residents who paid it. These cases 
provided a guideline for the appropriate structure of impact fee ordinances, and helped Florida 
counties design and experiment with their use. 

 
Surveys of Impact Fee Use in Florida 

 
With the Florida courts and legislature providing support for their use, impact fees 

became widely prevalent as a public finance tool among Florida communities. An early set of 
surveys of impact fee use by local communities was conducted nationally in 1989 by the 
Government Finance Research Center of the Government Finance Officers Association.16 The 
first survey asked about the use of financing tools that charge new development for public 

                                                 
14 Venditti Sivaro, Inc. v. City of Hollywood (39 Fla. Supp. 121 [1973]); Broward County v. Janis Development 

Corp., 311 So.2d (Fla. 4th DCA 1975); and City of Miami Beach v. Jacobs, 315 So. 2d 227 (Fla. 3d DCA 1975). The 
fees in dispute in these cases were not as strictly defined as they are currently, so the rulings cannot be interpreted as 
finding impact fees invalid; indeed, the Dunedin case sought to clarify how a proper impact fee should be structured. 
 
15 Later development of the rational nexus test require that the fees represent the development’s proportionate share 
of the costs. 
 
16 Joni L. Leithe and Matthew Montavon, Impact Fee Programs: A Survey of Design and Administrative Issues 
(Washington, D.C.: Government Finance Research Center, 1990). 
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service infrastructure it requires. The survey included responses from 41 Florida communities 
(cities, counties, or special district governments), of which 33 indicated using impact fees.17 

The second survey focused on impact fee design and the administration of impact fee 
programs. In Florida, impact fees are generally assessed for improvements of water, sewer, 
parks, and road services. Of 159 total fees levied in Florida communities for different types of 
infrastructure, 28 were for water improvements, 26 for sewer, 23 for parks and recreation, and 22 
for roads. There were 16 fees for fire protection, and 14 for police.18 Of the 39 Florida 
jurisdictions with fees, 33 of them had fees for five or fewer types of public services.19 

The survey also asked whether the jurisdiction had separate fee schedules for residential, 
commercial, and industrial development. 30 of the 39 Florida jurisdictions reported using 
separate schedules based on the type of development.20 The survey then asked about the location 
wherein fees are assessed. 30 of the 39 communities reported assessing fees on a jurisdiction-
wide basis, 3 assessed fees in specific areas, and the remaining 6 assessed fees on both location 
types.21 

The impact fee survey also produced two other interesting results. First, it asked the 
percentage of the jurisdiction’s capital budget that was funded with impact fees. The percentages 
for the 39 Florida respondents ranged from less than 0.5% to as high as 50%, with a weighted 
average of 8%.22 The survey also asked if the impact fee jurisdiction was under some form of 
growth-control program. Not surprisingly, 32 of the 39 Florida respondents answered 
affirmatively, reflecting that most of them fell under the concurrency requirement of the Growth 
Management Act.23 

 
Conclusion 

 
The increased use of development impact fees as a tool of local public finance in Florida 

has largely been a response by communities to deal with the rapid population growth that 
occurred through the 1970s and 1980s. New development placed a heavy burden on local 
communities to provide satisfactory levels of public service, and voter unwillingness to fund the 
new infrastructure left planners searching for alternative revenue devices. The 1975 Local 
Government Comprehensive Planning Act and the 1985 Growth Management Act recognized 
the authority of local communities to experiment with new regulatory programs aimed at 
managing growth, and expressly recommended the use of impact fees. Florida courts helped to 

                                                 
17 Table 3, ibid. 
 
18 Table 5, ibid. Dade County, the county studied in later chapters, has impact fees for road, fire, police, parks, and 
schools. 
 
19 Table 6, ibid. 
 
20 Table 9, ibid. 
 
21 Table 10, ibid. 
 
22 Table 13, ibid. An unweighted average is reported (12%), which is the per jurisdiction impact fees divided by the 
capital budget. The weighted average is calculated by dividing the sum of impact fees by the sum of the capital 
budgets. 
 
23 Table 14, ibid. 
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shape the structure of permissible impact fee programs, and the resulting “rational nexus test” 
provides three requirements of fee programs that must be met: 1) the new development must 
create a need for public service infrastructure, 2) the fee must be proportionate to the actual cost 
of serving the new development, and 3) the fee revenues must benefit the development that paid 
it. 

Results were also presented on a survey of communities that assessed impact fees. It is 
clear that impact fees are growing in popularity among Florida jurisdictions. Later chapters will 
analyze the use and incidence of all impact fees that were levied in Dade County, and address 
their effects on housing and land markets. 
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CHAPTER 2 

PREVIOUS LITERATURE ON IMPACT FEES 

AND RELATED ESTIMATION ISSUES 

 
 
 
 

Introduction 

 
The use of development impact fees by local communities to fund new public service 

infrastructure has caught the attention of academics in many disciplines, and has spawned a body 
of literature that theoretically and empirically attempts to analyze the effects that impact fees 
have on homebuyers and builders, communities, government decisions, local economic 
conditions, and other institutions. Given their relatively recent use, the literature on impact fees 
is not as large as that for other public finance tools such as the property tax. It is likely, though, 
that impact fees will remain an important topic addressed by public finance, real estate, land, and 
other economists given their increasing popularity among high-growth communities. 

This chapter will present an overview of the relevant literature on development impact 
fees in order to establish a foundation upon which the remaining chapters, dedicated to analyzing 
impact fee incidence in Dade County, Florida, will build. The remainder of the chapter will 
proceed as follows. Section II will discuss two different theoretical understandings of the effects 
of impact fees, referred to herein as the old view and the new view of impact fee incidence. 
Section III will review and critique the bulk of the literature on this topic, which deals with 
empirical estimation of impact fee effects from the perspective of the old view of impact fee 
incidence. The shortcomings of this literature, combined with the insights provided by the new 
view theory, motivate the unique empirical approach taken in later chapters. To guide this 
approach, Section IV will review literature that does not specifically address impact fees but 
related topics that are relevant to the theoretical model and the sample studied. Section V will 
conclude. 
 

Old View and New View Theories of Impact Fee Incidence 

Given that development impact fees are typically characterized as a tax on developers, 
one prominent strand of literature views them essentially as excise taxes. The incidence of 
impact fees and their effects on the housing market under this view are well known, and are 
demonstrated in figure 2.1.24 

 
 
 

                                                 
24 Figure 2.1 is adapted from Singell and Lillydahl (1990). 
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Figure 2.1: Supply of and Demand for New, Existing, and Total Housing 

 
D represents the short run demand for housing,25 N the short run supply of new housing, and E 
the short run supply of existing housing. The supply of existing housing is more inelastic than 
new housing, but the quantity still may vary through more intensive use of existing units. It is 
assumed that new and existing housing are close substitutes, so that the total supply of housing S 
is the horizontal summation of the supply of new and existing housing. In equilibrium, QN new 
homes and QE existing homes are “consumed.” After the imposition of the impact fee, the supply 
of new homes and total supply shifts up by at least the amount of the fee F.26 The shift leads to 
higher price and less quantity of new homes, and higher price and greater use of existing homes. 
As noted earlier, consumers face a higher price and developers receive a lower price after the fee 
is imposed, depending on the elasticities of demand and supply. 

Assuming a competitive housing construction industry, however, leads to the long-run 
result that bid prices for land from developers must fall in order to maintain a zero-profit 
condition. Again, the possibility of a drop in land price depends on the relative demand and 
supply elasticities, and some articles argue theoretically (and most seem to show empirically) 
that the price landowners receive after a jurisdiction imposes impact fees actually rises. 

One of the earlier papers to analyze impact fee incidence (from an old view perspective) 
is Huffman, et al. (1988). They recognize that the effect of impact fees on a competitive market 
for new housing is similar to the effect of a tax on developers. The imposition of the fee shifts 
the supply of new housing up by the amount of the fee, resulting in a higher price paid by new 
homebuyers, a lower price received by developers, and a lower quantity of new homes built. The 
community, or, more properly, the residents of the new development, receive the proceeds of the 
fee through new public services.27 

                                                 
25 Yinger (1998b) questions the use of downward-sloping demand curves if the assumption of mobile households is 
made. Often, they are justified by claiming that the community has desirable qualities not found in nearby 
communities; but Yinger notes that these qualities would simply be capitalized into the price of the house, and 
would not affect the slope of the demand curve. 
 
26 Plus any administrative or other costs associated with complying with the fee. These associated costs are 
occasionally used to justify the large fee effects found in the empirical papers, as authors suggest that developers 
pass on the fee and these costs onto homebuyers. 
 
27 It is interesting to note that in their discussion Huffman et al. recognize that impact fee revenue will be used for 
new public services, but no mention is made about the effects these new services have on anything else in their 
model. This treatment of public services and their effects, of impact fees as excise taxes rather than user fees, are 
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As with other taxes, the incidence of the impact fee depends on the elasticities of supply 
and demand for new housing. Huffman, et al. examine the incidence of fees under three possible 
market conditions: inelastic demand (consumers relatively insensitive to housing price) and 
elastic supply (no barriers to developer entry), inelastic demand and inelastic supply, and elastic 
demand and elastic supply. In the first situation, which would exist in small isolated communities 
or in suburbs of large metropolitan areas with relatively unique and highly desirable 
characteristics, the inelasticity of demand and elasticity of supply imply that consumers bear 
most of the burden of the fee. In the second situation (inelastic demand and supply), which 
would exist in highly desirable places within large metropolitan areas that had high developer 
entry costs and significant regulatory costs, Huffman, et al. argue that developers begin to switch 
development toward more expensive homes and away from less expensive or moderately priced 
homes, which results in buyers again bearing the burden of the fee in the form of higher housing 
prices.28 If the fees are charged per unit of development, then the percentage price increase after 
fee implementation would be smaller for more expensive homes than on less expensive homes.29 

In the third situation, which is the most common, buyers are sensitive to housing price 
and there are no barriers to developer entry into the competitive housing industry. In the short 
run the burden of the fee would be split between the developer and consumer. The developer 
would move out of the market after selling off pre-fee inventory,30 to return once excess demand 
raises prices such that pre-fee profits are restored. In the long run, then, the buyers bear the 
burden of the fees. Absent an increase in demand, developer profits may be restored if 
landowners reduce the price of land but Huffman, et al. note that this rarely happens. They 
conclude that the primary bearers of impact fees will be the ultimate users of the property, 
homeowners or residents, who pay through higher house prices or rents or lower quality. 
Landowners may pay a small portion through lower land prices, and developers will effectively 
bear no burden as they successfully shift the fee forward. 

Interestingly, the literature that adopts the old view interpretation of impact fees as excise 
taxes neglects to account for any effects caused by the new public service infrastructure that 
impact fees are earmarked to finance. In fact, impact fees as described in the old view would 
violate the “rational nexus” test described in Chapter 1. The rational nexus test requires that 
impact fees that are collected must be spent for the primary benefit of the development that paid 
for them. No mention is made in the old  view theory as to where impact fee revenues will be 
spent; thus no mention is made whether the spending of fee revenue by a jurisdiction has any 

                                                                                                                                                             
either treated in the literature as entirely benign, as here, or are not addressed. This is the primary omission Yinger 
identifies as driving the unusual results from all the empirical papers. 
 
28 Their justification of this result seems rather weak and based solely on anecdotal evidence from San Jose, 
California: “relatively high impact charges…and invariable land and production costs combined with a housing 
market that was insensitive to modest price increases and forced developers to change market orientation to affluent 
households” (Huffman, et al. 1988, p. 51). Generally, we would assume that the incidence in a situation of “inelastic 
demand and supply” would depend on the relative elasticities, and would not be so quick to assume which party 
bears the burden of the fee without this information. 
 
29 However, many fees are levied to proxy demand for services, and have rates according to square footage or 
number of rooms. In a jurisdiction with these fees, we would not expect the shift toward producing more expensive 
homes. Huffman, et al. do not consider such a scenario.  
 
30 Huffman, et al. implicitly assume both that developers are sufficiently mobile to exit after selling off pre-fee 
inventory, and that the neighboring communities to which they move have relatively lower fees. 
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affect on the housing or land markets. The new view theory recognizes that using impact fee 
revenue in a court-approved manner will indeed affect housing and land markets. 

 What distinguishes the old view from the new view of impact fee incidence is that the 
new view assumes that the use of impact fees to finance infrastructure construction in a 
jurisdiction will bring about two other effects not noted in the old view theory. First, to pass 
judicial scrutiny, impact fee revenue must be used to finance public service provision to new 
development. Obviously, the provision of these services are valued by the potential homebuyers 
who are considering moving into the new development. The value homebuyers place on the new 
infrastructure will get capitalized into the price of new homes. If these capitalized benefits equal 
the amount of the fee then, contrary to the old view theory, there is no excess burden borne by 
the homeowner, developer, or landowner. House prices rise, but by an amount equal to the 
benefit homebuyers place on new infrastructure and are thus willing to pay. 

The new view also suggests that there may be circumstances where one or more parties 
do bear an excess burden associated with impact fees. If the infrastructure provided is not as 
highly valued by homebuyers, either because of poorer quality, excess capacity already exists, or 
provision to “free-riding” households who did not pay the fee, then the rise in house prices due to 
benefit capitalization will not offset the impact fee and the price of land must fall. Conversely, if 
the benefits from infrastructure are very highly valued by homebuyers by an amount larger than 
the fee, then the price of land will rise. These results assume both that the construction industry 
is competitive and that the impact fees are constitutionally valid as outlined in Chapter 1. If 
construction firms are not bound by a zero-profit condition then the ability or willingness to shift 
the burden or savings associated with impact fees to landowners is less clear and the results 
above will not hold. Further, if impact fees are set too low (high) such that they do not equal the 
benefits associated with the new infrastructure, then the price of land will have to drop (rise) to 
ensure normal construction profits. 

The other effect not considered by the old view theory is that the use of impact fees to 
finance new public service provision will raise the tax base in a jurisdiction switching to impact 
fees. First, impact fees act as another revenue source and, since the new infrastructure benefits 
raise the value of new homes, revenue under the existing property tax will rise. Thus, if we 
assume a balanced-budget analysis, the local government that had previously relied on property 
tax revenue to fund new infrastructure now finds less need to do so and will lower the property 
tax rate across the jurisdiction. This drop in the jurisdiction-wide property tax rate will be 
proportional to the number of new homeowners in the jurisdiction. In a community with a large 
amount of development and new households, impact fees will substantially reduce the reliance 
on property taxes, and thus the property tax should drop by a larger amount than in a community 
with a smaller percentage of new homes. Regardless, the drop in the property tax rate will 
increase the value of both new and existing homes since homeowners in both expect a lower 
stream of future property tax payments. 

The conclusions from the new view theory differ from those from the old view. The new 
view predicts that, in a jurisdiction switching from pure property tax finance of new 
infrastructure to impact fees, the price of both new and existing homes should rise by the same 
amount, which is equal to the capitalized value of the savings in future property taxes. Unless the 
increase in house prices caused by the capitalization of future property tax savings differs from 
the amount of the impact fee, there will be no change in the price of undeveloped residential 
land. 
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Yinger (1998b) provides a version of the new view theory, and more accurately 
represents the structure and function of impact fees in local public finance. Unlike articles based 
on the old view, his model includes the benefit to households that is received from the new 
infrastructure provision. Yinger recognizes that, under a property tax regime, new development 
is receiving a subsidy for its infrastructure from existing homeowners; switching to an impact fee 
regime removes this subsidy, and so this new benefit should be capitalized into the prices of new 
and existing homes after switching. 

The theoretical model starts with the household’s problem of bidding for housing in 
alternative communities with different tax/service packages. The developer builds houses using 
capital and land to maximize profits, and must pay the impact fee (which, in Yinger’s model, is 
set equal to the full value of the new infrastructure that is funded). Because the industry is 

competitive (π=0), developers bear no burden, and since the new infrastructure also raises the 
price of housing, part of the fee is borne by the homebuyer. But property taxes on housing imply 
that the price of housing will not rise by the full value of the infrastructure. Since the impact fee 
is set equal to the full value of the infrastructure, the increase in house price received by the 
developer is thus not enough to cover the impact fee and the price of land must drop to maintain 
the zero profit condition. Thus, the homebuyer does bear part of the fee in the form of a higher 
housing price, but is more than compensated by the infrastructure benefits. Existing 
homeowners, as mentioned before, also benefit from a capital gain since they no longer pay the 
property tax subsidy to new development. 

Yinger argues that the increase in house prices will be the same for both new and existing 
homes. Formally, the household problem yields the following equation from the first order 
conditions: 
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where dP is the change in house price, i is the real discount rate, t* is t/i where t is the property 
tax rate, MB is the marginal benefit of infrastructure C (in terms of a composite consumption 
good), and H is a unit of housing services.31 Improving or increasing infrastructure will increase 
house prices since their benefits get capitalized in the value of the home, and increasing the 
property tax will lower the price of a home for the same reason. For new homeowners under a 
property tax regime we can examine the price change associated with new infrastructure: 
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where pn is the fraction of new households in the jurisdiction, V is the value of new homes, and 

V is the average house value. (It is important to note that n

PTdP  > 0 since the fraction of new 

households is likely small and their value is likely roughly comparable to the value of the other 
homes in the jurisdiction.) Under the property tax, new homeowners receive the benefit of the 
infrastructure (the first term), but also must pay their share of the cost through the property tax 
(the second term). Under an impact fee regime (where the fee, X, meets a benefit-cost test: 

dXdC
i

MB
= ), 

                                                 
31 This equation differs from his equation (11) since he includes the effects of special assessments, which we do not 
consider here and set equal to zero (Yinger 1998b, pg. 25). 
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since property taxes are no longer financing the infrastructure (and, as it appears to new 
homebuyers, the developers are paying the impact fee). The effect on new house prices of 
switching to an impact fee regime is then 
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Under impact fees, new homeowners effectively keep what they would have paid in property 
taxes, or their share of the subsidy to new development infrastructure. 

For existing homeowners under a property tax regime, the price change associated with 
new infrastructure is 
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since they receive no benefit from infrastructure on new development but still have to subsidize 

it. Under an impact fee regime 0=e

IFdP since they no longer have to fund the public services. 

Thus, the effect on existing house prices of switching to impact fees ( e

PT

e

IF dPdP − ) is the same as 

(2.4). For both new and existing homes, the switch to an impact fee regime has the same 
infrastructure effect on house prices: the property tax subsidy that would have gone to fund 
infrastructure is now capitalized into the value of homes. 

Yinger finds that landowners, however, can bear anywhere from 16.4% to 41.8% of the 
burden of the impact fee when the benefit-cost condition is met. If costs do not equal benefits, he 
shows that the burden on landowners could rise to 61.2%. Under impact fees, since homeowners 
are only bearing a burden equal to what the property tax subsidy would have been and since the 
development industry is assumed competitive, the price of land must fall to make up the 
difference, and so landowners bear the remaining burden of the fee. The first-order condition 
from the developer’s problem yields 
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where dR is the change in land price and L is land (developer uses capital, K, and land, L, to 
produce H). Under a property tax regime the second term is zero and, as mentioned above, new 
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Switching from property taxes to impact fees (dRIF – dRPT) yields 0<− dC
iL

MB
. Thus, Yinger’s 

theoretical model unambiguously predicts negative land price effects. Consistently, the empirical 
models discussed in the next section find impact fee effects on house prices that are larger than 
the fee itself, implying that developers are successfully shifting the fee forward (more than) fully 
to the homeowner. The landowner, then, is not harmed; indeed, if the development industry is 
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competitive, the zero-profit condition would imply a higher bid price for land under impact fees. 
The result from Yinger, though, suggests that impact fees are associated with (equally) higher 
new and existing house prices and lower land prices. 

 
Previous Empirical Literature on the Incidence of Impact Fees 

 
One of the earlier empirical papers to address impact fees (under the old view) in 

response to Huffman et al. is Delaney and Smith (1989a and 1989b), who examine the effects on 
new and existing house prices, respectively, of a $1,150 impact fee that was adopted in June, 
1974 in the city of Dunedin, Florida. Their sample uses Pinellas County property appraiser data 
on new homes in Dunedin and three nearby cities (Clearwater, Largo, and St. Petersburg) from 
1971 to 1982. Pinellas County is a peninsula, and as such the authors argue it represents a single 
housing market. While Dunedin passed its impact fee in 1974, the three other cities had little to 
no impact fees over the time period studied. 

Delaney and Smith first run hedonic regressions for each city/year combination, 
regressing new home sale price on square footage, lot size, and land cost per square foot. They 
then use the estimated coefficients and mean values of the regressors to predict the price of a 
constant quality new house for each city/year combination. Lastly, they regress  the ratio of the 
price index for Dunedin to the price index for one of the other cities on a dummy variable that is 
equal to one in those years impact fees are expected to influence new house prices in Dunedin 
relative to the other three cities. The coefficient on the dummy variable would be the estimated 
price effect of impact fees. For all three cities, this coefficient is positive and about three times as 
large as the impact fee, indicating that the impact fee burden is being much more than fully 
passed forward onto new home buyers. 

In their second paper, Delaney and Smith use the same sample but only compare Dunedin 
with Clearwater. They use data on new and existing home sales in Dunedin and on existing home 
sales in Clearwater, and employ a similar methodology as in their first paper. After hedonic 
regressions, they predict prices of constant-quality new and existing homes for each city and 
year. They then construct ratios of new home price index to existing home price index in 
Dunedin and existing home price index in Dunedin to existing home price index in Clearwater. 
As before, they regress these ratios on a dummy variable indicating when fee effects are 
expected to influence house prices. The results show that after the fee was adopted prices for 
new homes in Dunedin were higher than prices for existing homes by an amount equal to about 
twice the impact fee. They also show that the prices for existing homes in Dunedin were a few 
hundred dollars higher than prices for existing homes in Clearwater after Dunedin adopted the 
fee. Their second paper also seems to indicate that the impact fee was shifted more than fully 
forward to buyers of new homes in Dunedin. 

Yinger (1998b) provides some criticism of the papers by Delaney and Smith. First, by 
including in their hedonic regression a variable measuring land cost they hold the price of land 
constant, so they are not able to capture any backward shifting of the fee to landowners. Second, 
in both of their estimations Delaney and Smith do not include variables measuring infrastructure 
quality or other housing, neighborhood, or locational characteristics. 

Another empirical paper adopting the old view interpretation of fee incidence is Singell 
and Lillydahl (1990). For their analysis, Singell and Lillydahl use data from Loveland, Colorado, 
which at the time was characterized by inelastic demand and elastic supply. The expectation, 
then, is that consumers will bear most of the impact fee. Their sample spanned a three-year 
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period (1983-1985), in the middle of which $1,182 of additional impact fees were instituted. 
They test separate models for new and existing homes that explain the selling price of old and 
new houses using the mortgage rate, square footage, number of bedrooms, number of bathrooms, 
lot size, house age, a time trend, and a dummy variable equal to 1 if the house was sold after the 
impact fee was instituted. No neighborhood or spatial variables are included. Their results show 
that the fee increased new housing prices by more than three times its amount ($3,800). Further, 
they show that the fees increased the price of existing housing by $7,000, an unusually large 
capital gain for a $1,182 fee levied on a small fraction of properties. They also find that impact 
fees were anticipated by three months. 

Generally, the Singell and Lillydahl results support the claim in Huffman, et al. that 
developers and landowners are escaping the incidence of impact fees, and that the ultimate 
burden is resting on homebuyers and renters. Their results may not be robust given that they 
examine only one community, itself characterized by relatively inelastic demand. Their results 
contrast with the new view predictions of an equal price increase for both new and existing 
homes associated with fee adoption. Yinger also criticizes the use of an impact fee dummy 
variable, noting that an omitted time-related factor, such as a new employment opportunity, may 
have occurred about the same time as the change in impact fees that also caused prices to rise. 

There are only two articles that have estimated the effects of impact fees on the price of 
undeveloped land, Nelson, et al. (1992) and Skaburskis and Qadeer (1992). Both articles adopt 
the old view of impact fee incidence and obtain results that are generally consistent with the 
results from articles estimating effects on house prices. The articles mentioned above tended to 
find evidence of over-shifting (since house price effects were larger than the amount of the 
impact fee), and the Nelson and Skaburskis papers discussed below also find evidence of over-
shifting since their estimated land price effects are positive. Contrary to other literature, Nelson, 
et al. argue that the imposition of impact fees will actually cause land prices to rise, for two main 
reasons. The first is that the fee acts as payment for a contract for development rights, which is 
valued more highly than uncertain development and no fees.32 The other reason is that they delay 
the timing of development until housing prices, and in turn land prices, rise enough to offset the 
interest charge on the impact fee. The rise in housing prices will result in a rise in land prices, 
and the combination of these will be enough to offset the fee. 

With this foundation, Nelson, et al. undertake empirical analysis using data from 
Loveland, Colorado again (from 1981 through 1986) and Sarasota County, Florida (July 1981 
through July 1987). Their explanatory variables for the Loveland sample include parcel size in 
acres, a measure of “desirable view opportunities,” a dummy variable for low-density 
neighborhoods, distance to nearest freeway interchange to proxy distance from a CBD, a 
measure of population to proxy demand, a time variable, and the amount of the impact fee per lot 
that would have been paid upon development had it occurred at the time of sale. The impact fees 
apply throughout all of Loveland, so variation in this variable is due simply to whether the sale 
occurred before or after the impact fees were implemented in 1983.33 They find the effect of the 
impact fee on vacant land prices to be positive but statistically insignificant. 

                                                 
32 Nelson, et al. argue this despite the fact that developers often oppose the adoption of impact fees. 
33 Though they do include a “continuous” impact fee variable (the total amount of fees paid), there apparently was 
no change in the amount of fees after they were implemented during the rest of the sample. Thus, their use of the 
total fee amount is still a dummy variable approach and does not address the possibility of a time-related event 
affecting house or land prices. There is also some confusion since Singell and Lillydahl (1990) note Loveland’s 
impact fees were effective July 1984 whereas this article (which includes Lillydahl as a coauthor) seems to indicate 
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For Sarasota, their data were again sales of vacant, buildable land zoned for residential 
development, located outside city limits, capable of being subdivided into four or more 
residential home sites, having full urban services within 300 feet, and sold between July 1981 
and July 1987. Of 80,000 sales during that period, their sample is reduced to only 40 cases. 
Further reducing degrees of freedom, their estimated model included 16 variables to explain 
sales price per potential home site, including area of site in acres, property tax rate, census tract 
income, number of residential units, distance to several employment centers, presence of a road 
adjacent to the parcel and of a sewer within 300 feet, a time variable, change in county 
population in the year previous to sale to proxy demand, and impact fee per potential home site. 
The impact fees in the county vary according to whether the property is located within three 
areas: two municipal service taxing units that had different total impact fees for each, and the 
remainder of the county that was exempt from fees.34 They run estimates on a subsample (n=29) 
of sites under the impact fee, i.e. sold after the fee’s 1983 implementation, as well as the full 
sample. They again find a positive (but occasionally insignificant) effect on land prices 
associated with impact fees. 

In Skaburskis and Qadeer (1992), the authors examine sales prices of vacant lots in three 
suburban municipalities of Toronto between 1977 and 1986. Their models attempt to describe lot 
prices as a function of development costs (including impact fees), distances from the lot to 
municipal centers and the regional center, and expected future growth in housing prices and 
construction costs. Consistent with earlier literature, they find that impact fees are associated 
with an increase in the price of land; their results show that lot prices increase by 1.2 times the 
amount of the impact fee, again indicating overshifting. They explain their results in a way 
similar to Nelson, et al. (1992), that the imposition of fees delays development of vacant land 
and increases current and expected future house prices which thus increases current land prices. 
If this increase in house prices was greater than the impact fee amount and then the rise in land 
prices was a result of competition in the construction industry, then their results might support 
the new view theory, but this issue is not addressed in their paper. 

As mentioned earlier, the new view theory of impact fee incidence was formalized by 
Yinger (1998b), which provided criticisms of past theoretical and empirical work as well as 
suggestions to address the shortcomings. Since then, two articles have analyzed impact fee 
incidence that are relevant to the present study: Dresch and Sheffrin (1997) and Baden and 
Coursey (2002). Dresch and Sheffrin use data on housing sales in Contra Costa County, 
California (near the San Francisco Bay area) from 1992 to April 1996. They split the sample into 
two parts, East County and West County, where homes in the former are generally smaller and 
further away from the Bay employment center than homes in the latter. They also estimate 
hedonic models for both new and existing homes for each area. Their models include variables 
on square footage, lot size, number of bedrooms, number of bathrooms, the existence of a pool or 
“view,” impact fees not based on square footage, bonds on the house, and community dummy 
variables. They, like earlier empirical papers, do not include locational or neighborhood 

                                                                                                                                                             
that the fees began in 1983. If the July 1984 date is correct, then the Nelson, et al. sample uses only 18 months of 
data where fees were applicable. 
 
34 Again it appears that, though fees differed in the county, there is only one change in fees that is being examined: 
before and after the 1983 implementation. 
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variables in their models.35 The amount of impact fees that were assessed over the sample were 
quite large, totaling over $16,000 and $24,000 in East and West County, respectively. 

Dresch and Sheffrin report results that show that impact fee effects in Eastern County 
were much smaller than in Western County. In Eastern County, an additional $1 increase in 
impact fees was associated with an increase in the price of new homes of $0.25, and an increase 
in the price of existing homes of $0.23. In Western County, an additional $1 increase in fees was 
associated with an increase in the price of new homes of $1.88, whereas the results on existing 
homes were not reported but said to show no relationship between fees and house price. 

The authors explain the difference between the two areas of the county as the result of 
depressed housing market conditions in Eastern County where prices fell over the entire sample 
period, relative to Western County where housing prices dipped but then rose back to prior 
levels. The authors argue that in Eastern County homebuyers could aggressively bargain and 
developers and landowners had no choice but to bear the burden of the fee, whereas in the 
relatively healthier real estate market in Western County homebuyers did not have this power. 
This explanation is unsatisfactory in light of the new view theory. Given that homebuyers 
compete with each other for available homes, the house price will reflect future tax savings that 
are expected because of the use of impact fees. A difference between Eastern and Western 
County should only reflect homebuyers’ beliefs that expected future tax savings would be 
different between the two areas. Further, while the similar results for new and existing homes in 
Eastern County appear to support the new view, the strong effect on new but insignificant effect 
on existing house prices in Western County is incompatible with new view predictions. 

A more recent paper measuring the effects of impact fees is Baden and Coursey (2002).36 
They use a pooled sample of new and existing home sales in the Chicago area from 1995 through 
1997, and regress sales price on a set of housing or structural characteristics and an impact fee 
variable. Separate models are run including and excluding lot size, since 11 percent of their data 
have missing values for this variable.37 They also run models that include and exclude 
municipality dummy variables, since the eight municipalities in their sample had differing 
impact fee amounts.38 The impact fee variable is the computed fee per new house, which varies 
within municipalities since each municipality has fees based on the number of bedrooms. The 
authors attempt to avoid multicollinearity between fees and the number of bedrooms by using 
sizes of the first through fifth bedrooms (as well as sizes of the kitchen, dining room, living 
room, and rest of house). The results yield an estimated elasticity of impact fees on the full 
sample of new and existing homes of about 0.013 in the general model and about 0.011 in the 
municipal indicator model. 

                                                 
35 Though the authors argue that the inclusion of community dummy variables accomplished this end. 
 
36 The article is a 1999 working paper of the University of Chicago Harris School, and the comments here reference 
an unpublished revised version of the paper received from the authors in January 2002. 
 
37 Interestingly, the authors note that the data have missing values for age of the home in 19 percent of the sample 
which, when combined with the missing values for lot size, reduced the sample size by 28 percent. 
 
38 The effects of omitted neighborhood or spatial variables in their models would then have to be captured in the 
municipal indicators. The authors, though, rely more generally on results from the model without municipal 
indicators since their inclusion leads to “reduction in fee variance.” Their omission, though, seems to raise more 
problems (omitted variables) than it solves. Indeed, the R-square jumps from about 0.68 to about 0.78 when 
municipal indicators are included. 
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They then take the single estimated fee coefficient from the sample of new and existing 
homes and estimate the effect on selling price for a new four-bedroom home in each 
municipality by multiplying the coefficient times the mean selling price in that municipality. 
Their results generally show, again, positive fee effects that are larger than the fee itself. One 
explanation they give is that the fee effects include additional uncertainty or delay costs 
associated with the permitting process, which is interesting given Nelson (1992)’s argument that 
fees reduce uncertainty. They also take the estimated fee coefficients from the full sample and 
measure the effect on selling price for an existing house. They note that this procedure requires 
the assumption that new and existing homes are viewed as substitutes by consumers. The results 
show positive but smaller fee effects on existing homes. 

Two major problems seem to present themselves in this analysis. First, the estimation of 
fee effects by using a pooled sample of new and existing homes assumes high substitutability, an 
assumption that is not necessary and is certainly testable by comparing results on subsamples of 
new and existing homes. Pooling unnecessarily restricts the fee effect to a single amount across 
all homes. Second, the different estimated fee effects for each of the municipalities is simply the 
result of multiplying the constant fee coefficient by the different mean sale prices in each town 
and for both types of houses. This seems a much less precise way to estimate the fee effect, 
especially since using separate subsamples rather than a pooled sample would allow one to 
estimate the fee effects directly. 

 
Related Literature 

 
The chapters that follow will describe another method for estimating the effects of 

developmental impact fees on housing and land markets. As will be seen, the approach taken is a 
two-stage method. The first stage constructs price indices for new and existing homes and 
undeveloped residential land from hedonic regressions, and the second stage uses a model of 
metropolitan area housing and land markets to predict the change in the indices using county and 
national data, including a continuous impact fee variable. While the literature reviewed above is 
instructive in designing the analysis to be used, this section will review literature that does not 
address impact fees but nevertheless is helpful in structuring the estimation procedure to be used 
later. 

As mentioned, the first stage involves the construction of price indices for new and 
existing homes and vacant land using hedonic models. Most of the past literature is consistent in 
the selection of structural variables that describe the home (number of bedrooms and bathrooms, 
square footage, lot size, etc.), but most articles do not attempt to account for possible nonlinear 
effects or interactions of these variables on selling price. One traditional way to account for 
nonlinearities is to include log, squared, or interaction terms. A formal defense of this approach 
is provided in Rasmussen and Zuehlke (1988, 1990). The authors suggest a hedonic model that 
corrects misspecification error in common estimations. Typically, a hedonic model is specified in 
a semi-log form such that selling price (P) depends on square footage (F), number of rooms (R), 
and other relevant variables (X3-Xk): 
ln(P) = B0 + B1F + B2R + B3X3 + … + BkXk + e (2.8) 
In this formulation, the marginal price or value of each attribute is proportional to its selling 
price: 

PB
dF

dP
1= and PB

dR

dP
2=  (2.9) 
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This specification assumes that there is no tradeoff between square footage and number of 
rooms, as it relates to the selling price. It assumes that homebuyers value floor space by an 
amount equal to B1 regardless of the value of R. 

Typically, though, the value placed on one of these attributes depends quite strongly on 
the value of the other. The marginal value placed on an additional room when floor space is 
small might be quite low, whereas it might be quite high when floor space is large. Further, the 
marginal value placed on additional floor space when floor space is small will be quite high, 
whereas it will be low when floor space is large. To account for these interdependencies, the 
authors suggest a quadratic semi-log specification: 
ln(P) = B0 + B1F + B2F

2 + B3FR + B4R + B5R
2 + B6X6 + … + BkXk + e (2.10) 

Now, the attribute marginal prices of square footage and number of rooms are functions of 
selling price and of each other: 
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This specification allows for variations in one of the attributes to affect the marginal valuation of 
the other. We expect the marginal value of square footage to be decreasing with increasing 
square footage and increasing with the number of rooms, and the marginal value of a room to be 
increasing with floor space and decreasing with increases in the number of rooms. Thus, we can 
expect B2 < 0, B3 > 0, and B5 < 0. A similar specification will be used in the first stage procedure 
discussed in the next chapter. 

The first stage also includes a number of specifications of the hedonic model with 
different ways of modeling the time trend. One method used is to adopt a flexible Fourier 
approach, outlined in McMillen and Dombrow (2001). This approach is appealing since it allows 
for smooth price changes over time and is not negatively affected by periods in which few sales 
occur, unlike hedonic models with time dummy variables that only allow price changes between 
discrete time periods. 

The flexible Fourier approach begins by defining a variable T that ranges from 0 to 
max(T), e.g., from 0 to 23 if the sample uses monthly time periods over a two-year range. Then, 
the following model is used: 
yi,t = βXi + g(Ti) + ui,t (2.12) 
where g(T) is a smooth continuous function representing the time trend in sale prices. It is 
defined as a quadratic function with trigonometric terms. Another variable is defined to 
transform the time variable T to lie between 0 and 2π: 
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The Fourier expansion is then defined as: 
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=
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The model can then be estimated using OLS once the Fourier expansion is included. The authors 
determine Q, or the number of sine-cosine expansion terms, by using the Schwarz information 
criterion. With 2Q+2 coefficients and n observations, the optimal number of terms in the Fourier 
expansion is the value of Q that minimizes the following expression: 

n

)nlog(
)2Q2()ˆlog()Q(SC 2 ++σ=  (2.15) 
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where 2σ̂ is the residual sum of squares divided by n. 

The flexible Fourier approach, though not the only approach used in the first stage 
estimation procedure, is appealing since it smoothes volatile price changes over time and is 
relatively unaffected by periods with few sales. More discussion of the specific application of the 
Fourier approach appears in the next chapter. 

One other point should be made regarding the first stage hedonic estimations. As 
mentioned above, most of the existing empirical literature fails to include locational 
characteristics of the properties sold, such as the distance from the property to major 
employment centers. It is important for the present study, then, to identify major employment 
centers in Dade County to correct for this oversight in the literature. To identify such areas, 
reference is made to Muller (1991). There, the author describes 6 areas in Dade County that are 
considered business districts: Miami International Airport, Dadeland, Cutler Ridge, International 
Mall, Westland Mall, and Aventura Mall. To these are added the Miami CBD identified by the 
1982 Census of Retail Trade (tract 37.01) and another area representing Homestead and Florida 
City. 

To verify Muller’s identification, an employment density variable was created using the 
1990 Census Transportation Planning Package, which includes information on the number of 
employees in a given geographic area (in this case, TAZs, or traffic analysis zones). The total 
number of employees in a TAZ was divided by the area of the TAZ to create a measure of 
employment density. The TAZs with the highest density employment matched up quite well with 
the CBDs identified by Muller. The exception is Homestead/Florida City, which does not appear 
in Muller’s article but which the employment density variable indicated was important.39 With 
employment areas thus identified, a major omission of the estimations in existing literature is 
corrected. 

As mentioned, the second stage estimation procedure involves regressing the county-
wide price indices on a set of metropolitan (including impact fees) and national variables. The 
urban economics literature has developed a metropolitan-area housing price model based on the 
stock-flow theory of durable goods.40 The stock-flow approach is desirable in this experiment for 
several reasons. The model is primarily used to model urban area real estate markets. Given that 
our sample is the single metropolitan area of Dade County, whose fees predominate over 
jurisdictional impact fees, it is reasonable to assume that homebuyers treat Dade County as a 
single housing market. Further, the stock-flow model represents urban area housing markets in 
both a short-run and long-run framework. While the estimation above and the other empirical 
papers basically examine the effects of a one-time shock in impact fees, the data available in this 
experiment will allow us to examine both short- and long-run adjustments to changes in impact 
fees over time. As mentioned, those few individual jurisdictions that had their own impact fees 
rarely instituted fees that were significantly different from county fees, so the entire county could 
be represented as a single housing market. However, county fees changed quite a bit from the 
first road fee examined above to the 1995 schedule that is in force today. Thus, the stock-flow 

                                                 
39 Specifically, I used GIS applications to locate the employment centers and calculate linear distances from them to 
the centroid of the individual parcels. The Miami CBD census tract was identified by tract number; the other 
employment centers were located as follows: Miami Airport: TAZ 516; Dadeland: TAZ 903; Cutler Ridge: TAZ 
1042; International Mall: TAZ 482; Westland Mall: TAZ 202; Aventura Mall: TAZ 66; Homestead/ Florida City: 
TAZ 1115. 
 
40 DiPasquale and Wheaton (1994, 1996). 
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model is amenable to the data for Dade County since it will allow us to model the number of fee 
changes from 1989 to 1995 instead of modeling a one-time event. 

The stock-flow model assumes that a short-run equilibrium is reached through house 
price adjustment, while quantity or housing stock adjustments are made only in the long run in 
response to the relevant short-run equilibrium prices. Every period, price adjustments occur to 
clear the housing market, i.e. Dt = St. Demand (Dt) is a function of the current number of 
households (Ht), the annual cost of buying $1 of housing services (Ut), the price of housing (Pt), 
the average income per household (Yt), and the cost of capital necessary for public services (Nt, 
e.g. cost of new school construction): 

)( 43210 tttttt NYPUHD α+α+α−α−α=  (2.16) 

Ut, also known as the owner or user cost of capital, is defined as 
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where i is the nominal mortgage interest rate, tp is the property tax rate, ty is the marginal income 
tax rate, and the last term is the expected rate of future nominal house price appreciation. (i + tp) 
can be thought of as the net interest rate paid on an additional dollar of housing, and (1 – ty) is 
included since mortgage and property tax payments are deductible from federal income tax 
liabilities. These terms thus represent a part of the opportunity cost of devoting an additional 
dollar of income to housing services; higher mortgage or property tax rates obviously increase 
the cost of purchasing housing, while a higher marginal income tax rate will decrease this cost 
since purchasing housing is a way to shelter taxable income through deductability. 

Expected house price appreciation is included since the capital gains on housing, as a 
future source of income, lower the cost of homeownership. In the empirical literature, 
expectations on future housing prices are generally modeled assuming adaptive expectations, 
where the expected change in price is equal to an average of recent (usually the previous two 
years’) past price changes for houses in the area. Other approaches can model expectations as 
blind expectations, where the household assumes future house prices to simply follow regional or 
national inflation and be unaffected by the local housing market, and as rational expectations, 
where the household correctly predicts that level of house price appreciation that actually occurs. 
These latter assumptions about expectations have less support in the empirical literature, and so 
adaptive expectations will be assumed here.41 

As mentioned, the primary omission in the existing empirical literature is control for 
infrastructure. This version of the stock-flow model attempts to integrate the theory in Yinger, 
and will allow for the effects of new infrastructure financed with impact fees. The price of 
housing is derived from consumer demand, and new (desirable) infrastructure affects housing 
demand in two ways: immigration of new homeowners into the jurisdiction and a switch from 
renting to homeownership within the jurisdiction. First, the provision of public services or an 
improvement in their quality in a single jurisdiction, which should by law occur with the 
implementation of impact fees, should cause an immigration of potential homeowners (Ht) into 
the jurisdiction, who are assumed to value the public services. 

The effects of infrastructure will also register in Nt. Under a property tax regime, the 
capital used for infrastructure is desirable to consumers since it provides a future flow of public 
services, but also is costly since it is financed through property taxes (NPT = benefits – costs = B-

                                                 
41 In particular, Case and Shiller (1989) and Gatzlaff (1994), in which both articles suggest the possibility that 
housing markets are somewhat inefficient and that expectations are often formed adaptively rather than rationally. 
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C). Under an impact fee regime (where N equals the impact fee), the capital used still provides B, 
but now no longer costs the consumers (since the developer pays the fees), C = 0, or NIF = B. 
This lower infrastructure capital cost to homeowners will make homeownership less costly, will 
increase the demand for homes, and thus increase the price of homes. The increased 
homeownership rate comes from renters whose property tax savings from switching regimes is 
less under renting than under homeownership, since the reduction in property taxes that the 
landlord pays gets spread over all tenants, if at all.42 

Solving equation (2.16) for the market-clearing price (and assuming Dt = St) yields 
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which implies that housing price will increase with a drop in the nominal mortgage interest rate 
or property tax rate, a rise in the marginal income tax rate or expected house price appreciation, 
an increase in household income, an increase in public capital services, or tightness in the 
housing market (as measured by the ratio of housing stock to number of households). 

In the present context where we wish to assess the effects of impact fees on both new and 
existing homes, two versions of equation (2.18) should be estimated. As mentioned in Yinger, 
both new and existing homes receive a capital gain since impact fee financing of public services 

allows the local government to lower the property tax rate ( IF

pt < tp). This change in the property 

tax rate associated with an impact fee regime lowers both new and existing homeowners’ user 
cost of capital equally compared to a property tax regime: 
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This drop in the user cost of capital will change house prices: t

IF

t PP > . 

The model of land prices is similar to that of house prices, with a few additional 
components. Residential lot prices are determined by long-term interest rates, housing profits, 
and the stock of lots. Since land earns no interest, an increase in long-term interest rates increases 
the opportunity cost of holding land, so the demand for land will fall. Housing profits rise with P, 
and thus are a function of all the determinants of P from before, and decrease with construction 
costs, which are a function of short-term interest rates charged on construction loans and costs of 
materials and labor. Thus, estimation of land prices will be similar to estimating (2.18) with 
additional controls for long and short-term interest rates, material and labor costs, and the stock 
of residential lots. Impact fees lower the profitability of developers, at least in the short run, and 
thus lead to a reduced demand for and price of lots. 

 

                                                 
42 Applying the model more fully to include the rental market is quite complex. Yinger’s model is a model of single-
family homes. Introducing a rental market, where landlords receive the same property tax savings that homeowners 
do, begs the question of whether landlords fully shift this saving into the rent or whether they keep the savings and 
enjoy excess economic profits. In the short run, the impact fee effectively acts as a market barrier to potential 
developers/landlords: even though existing landlords can enjoy excess profits by not shifting forward the tax 
savings, there will be no entry if new landlords cannot enter and receive high enough rent to be competitive with 
existing landlords and pay the impact fee. In this case, existing renters, whose rents have not fallen commensurate 
with the drop in property taxes, do not receive the same property tax benefit under the impact fee regime that 
homeowners do, and would rather own than rent, increasing the demand and price for homes. This suggests further 
work on the effects impact fees have on not only affordable housing but on affordable “renting.” 
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Conclusion 

 
The preceding discussion reviewed literature on several topics relevant to the present 

analysis of the incidence of impact fees on housing and land markets. Theoretically, most papers 
to date have adopted what is termed the old view of impact fee incidence, in contrast to Yinger’s 
new view that incorporates the effects of fee-financed infrastructure and property tax 
capitalization. Omissions in the existing empirical literature, especially the exclusion of 
neighborhood and locational variables, along with the insights provided by the new view, 
represent the motivation for the study discussed in the following chapters. When relevant, 
reference will be made in later chapters to the literature discussed here, though with more 
brevity. 
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CHAPTER 3 

CREATION OF HOUSE AND LAND PRICE INDICES USING HEDONIC AND REPEAT-

SALES ESTIMATION METHODS 

 
 
 
 

Introduction 

 

Demographic changes beginning in the 1970s and continuing on to the present left many 
Florida communities searching for new sources of revenue to fund the expansion of capital 
improvements necessitated by new development. As discussed in Chapter 1, new legislation and 
judicial decisions paved the way for local communities to begin using development impact fees. 
Miami-Dade County, an area whose population grew rapidly over this period, experimented 
early with impact fees and has continued to alter and adjust fee amounts in response to continued 
population growth and increasing capital construction costs. The impact fee program has become 
an important and visible component of the county’s administration and budget, and promises to 
remain an important factor in housing and land markets in the future. No empirical analysis, 
though, has been conducted to assess the effects of Miami-Dade’s impact fees on its housing and 
land markets. Performing such an analysis should be instructive given that the characteristics of 
the county differ from other areas that have been used to study the issue of impact fees. These 
differences suggest alternative estimation techniques be used in modeling the effects of impact 
fees on house and land prices. A comparison of these alternative estimation methods with those 
well established in both the empirical and theoretical literature will contribute to the growing 
debate on the incidence of impact fees. 

Dade County is unique among the samples used in previous empirical papers in that the 
county and the metropolitan area borders are coterminous. This situation is advantageous since it 
minimizes the spillover effects of overlapping markets or policies that might contaminate the 
effects of Dade’s policies. It also suggests the use of house and land price estimation models 
specifically designed for metropolitan areas like the stock-flow model developed by DiPasquale 
and Wheaton and discussed in Chapter 2. The stock-flow model attempts to estimate the effects 
of metropolitan-wide variables on aggregate house or land price indices. This suggests a two-
stage procedure for analyzing the effects of impact fees on a metropolitan market: the first stage 
will consist of constructing price indices over the sample period from estimations of models 
predicting individual sales prices, and the second stage will consist of estimating the effects of 
the county’s impact fees on these price indices. 

The present chapter describes the first stage procedure and presents results on the 
construction of house and land price indices using both a hedonic approach and a repeat sales 
approach. The following chapter describes the second stage procedure and presents results on the 
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effects of Dade County’s impact fees on various indices. The theoretical implications on the 
effects of impact fees on residential construction that follow from the results on house and land 
prices are tested in chapter five. For the remainder of this chapter, section II will review some of 
the literature addressing impact fees as well as estimation techniques that will be relevant to the 
first stage procedure. Section III will discuss the methodology used to construct the price indices 
that are the dependent variables in the second stage. Sections IV and V presents results on the 
estimations of hedonic and repeat sales models, respectively, that were used to construct the 
indices. An explanation is included that explains, from the various indices constructed, the 
choice of which to utilize in later examinations of the effect of impact fees on those indices. 
Section VI provides concluding comments. 

 
Hedonic Analysis 

 

The foundational paper in hedonic estimation is Rosen’s well-known 1974 article.43 Since 
then, scores of papers have been written that helped to solidify the approach as the appropriate 
method to estimate the contributing effects that individual components have on the value of the 
whole. Property valuation models have all benefited from Rosen’s contribution, and extensions 
on his original idea are ongoing. In his paper, Rosen describes products that are differentiated by 
various quantities of inherent attributes or characteristics. These characteristics are valued 
individually, and thus are associated with individual or implicit prices, and contribute to the 
overall valuation of the good itself. Rosen analyzes the consumer and producer decisions 
regarding goods with these varying characteristics. 

He begins by considering a good that is described by n valuable attributes, where each 
attribute exists in a quantity z; z = (z1, z2, …, zn). It is assumed that each good varies sufficiently 
in terms of its n characteristics such that z is continuous. There will exist a price for each good 
that reflects that good’s specific bundle of attributes; p(z) = p(z1, z2, …, zn). Consumers value the 
good in terms of its attributes: U(x, z1, z2, …, zn), where x is a composite good with price = 1. 
Maximizing the budget y = x + p(z) requires selecting x and the set of z attributes such that ∂p/∂zi 
= pi = Uzi/Ux, i =1, …, n. A set of bid functions can be constructed θ(z; u, y) that relates 
willingness to pay for different values of z given an amount of utility u and income y; these bid 
functions can be graphed as indifference curves relating the tradeoff of a specific attribute zi to 
forgone income. The optimum choice exists where utility is maximized or where the utility 
indifference curves are tangent to the price function, or where θ(z*; u*, y) = p(z*). 

Profit-maximizing competitive firms will choose a level of output and the levels of the 
good’s z characteristics such that the marginal revenue from additional attributes equals the 
marginal cost of their production. As with the consumer bid functions, there will be a set of 
producer offer functions that indicate prices the firm is willing to accept on goods with various 
attributes, given a level of profit π and a cost structure β: ф(z1, …, zn; π, β). Profit maximization 
and the optimal level of attribute provision occurs where the offer function indifference curves 
are tangent to the price function, or where ф(z*; π*, β) = p(z*). 

The price function represents an envelope of optimal choices for both consumers who 
differ in their valuation of the attributes, and for firms that differ in their production capabilities. 
The individual hedonic prices p(zi) are thus analogous to prices for goods themselves to the 
extent that they equate demand with supply and thus reflect preferences of consumers and 

                                                 
43 A summary of Rosen and a review of hedonic estimation literature and techniques is found in Follain and Jimenez 
(1985). 
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production of firms. Rosen thus provides a theoretical justification for the existence of implicit 
markets for the attributes of goods, and suggests the use of hedonic estimation of multi-attribute 
goods based on the valuation and production cost of those individual attributes. 

 
Methodology 

 

Hedonic Estimation 

The price indices constructed using hedonic estimation methods follow generally 
accepted techniques, while implementing a few novel ideas suggested by property valuation 
theorists. In designing the hedonic estimation approach, the attempt is made to account for all 
significant factors contributing to property value in order to construct accurate and representative 
indices that track the change in house values over time. Confidence in the veracity of the price 
indices will ensure that the estimated effects of impact fees on property values are sound. 

Common to both the land price and house price indices is a recognition of various factors 
influencing property value: each parcel can be identified by a vector of structural, demographic, 
and locational or geographic characteristics that all contribute to the value of the parcel. In 
constructing price indices for new and existing homes and vacant residential land, the following 
equation is used: 

t,it5i4i3t,i2i10t,i uTJLNSP ++++++= ββββββ  (3.1) 

where  Pi,t = sale price of parcel i in time period t, 
Si = structural characteristics describing parcel i, 
Ni,t = demographic characteristics of parcel i’s neighborhood in time period t, 
Li = the distance and distance squared between parcel i and important nearby 
employment centers, 
Ji = jurisdictional dummy variables in which the parcel is located, 
Tt = dummy variables for the time period (month and year) the parcel was sold, and 
ui,t = regression error term. 

As discussed in the previous chapter, the existing literature analyzing the effects of impact fees 
on house or land prices generally omit one or more of these vectors of regressors. The present 
study will account for all of these factors. 

Equation 3.1 will vary slightly depending on the subsample being estimated, since some 
variables influencing house prices will not be available for vacant land, and since the age of the 
structure will be available for existing home sales but not for new home sales. Regardless of 
property type, each parcel observation should include, along with selling price, the size of the 
parcel as the primary structural characteristic. To account for diminishing returns to lot size, the 
square of area should be included as well. For homes, remaining structural characteristics to 
include should be the size of the home and its square, the number of bedrooms and bathrooms 
and their square, and, for existing homes, their age and its square. An additional term is included 
to account for whether the parcel is zoned for single-family residential. 

Following Rasmussen and Zuehlke (1988 and 1990), interaction terms can be included to 
account for the interdependence of these regressors. An interaction between house square 
footage and number of rooms will account for varying valuation of additional rooms holding the 
size of the house constant. Without this term, the assumption is made that marginal additions to 
the number of rooms is valued at a constant rate, even though controlling for house size implies 
that these additional rooms must be smaller. In a similar fashion, an interaction term can be 
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included between house size and lot size, to account for the value homeowners place on the 
relative size of the yard. 

Each parcel, whether vacant land or with a home, will include the same set of 
neighborhood demographic descriptors. While not specific to the parcel itself, the demographic 
composition of the area surrounding the parcel has proven significant in affecting the value of 
property. Depending on availability, demographic statistics can generally be found down to the 
Census block group level. Typical demographic variables included are the percent of homes in 
the block group inhabited by black families, the median per capita income of the block group, 
and the percent of households in the block group who rent rather than own their homes.44 

Similar to neighborhood demographic effects are possible jurisdictional effects that a 
home experiences from being located within the legal boundaries of a certain municipality. To 
some degree, these effects might be fully captured in the demographic characteristics, if 
municipalities succeed in maintaining a certain homogeneity in the composition of their 
residents. There may be other unobservable characteristics associated with the municipality not 
captured by demographics, so jurisdictional dummy variables indicating the municipality in 
which the parcel is located should be included as well. 

Locational or geographic effects also affect property values, as parcels located closer 
spatially to employment centers command higher rents, ceteris paribus. Research has 
demonstrated that proximity to business districts or primary transportation nodes, such as train 
stations or highway interchanges, also have positive effects on property values. The urban 
monocentric model of Alonso (1964) and Muth (1969) provides the principal theoretical 
understanding, but most large market areas can be considered polycentric with multiple centers 
of business activity near which households prefer to locate. Therefore, estimation of selling price 
should attempt to account for the spatial location of the parcel in relation to most economically 
important points in the market area. The square of these distances should also be included to 
account for the possible nonlinearity of proximity valuation. 

Aside from these control factors, other time-related events may occur within the market 
area that are unaccounted for, and may include the implementation of or increase in impact fees, 
a significant change in population, economic activity, seasonal or cyclical fluctuations in demand 
or supply, or related events. Therefore, an attempt should be made to control for time in order to 
capture effects not accounted for in the other control variables. This is usually done by including 
a time trend or time-related dummy variables. A discussion will follow in the next section 
describing the Fourier transformation of time variables and how this transformation may be more 
appropriate for the estimations of the price indices. 

 
Repeat Sales Estimation 

The primary argument against using hedonic models to estimate the change in property 
values over time is the uncertainty whether the included hedonic variables are sufficient to 
provide significant explanatory power in describing the overall effects on selling price. There is 
always the possibility that omitted variables will improve the fit of the model, despite attempts at 
including dummy variables to capture these effects. An alternative estimation technique is to 
utilize data that include sale information on a parcel that was sold more than once during the 
sample period. Assuming that the structural properties of the parcel have not changed between 
sales (additions to homes, etc.), all relevant characteristics of the parcel will have been accounted 

                                                 
44 Given that the sample is Dade County, Florida, percent Hispanic in the block group is used as well. 
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for. Therefore, the argument that important omitted variables have not been included becomes 
moot. 

The standard approach (Goodman and Thibodeau, 1998; McMillen and Dombrow, 2001; 
Macpherson and Sirmans, 2001) to estimating repeat sales models is to assume the following 
form: 
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where  Pi,t = the most recent selling price of property i at time t, 
Pi,t-n = the previous selling price of property i at time t-n, 
βk = the logarithm of the cumulative price index in period t, 
Di,k = a dummy variable which equals –1 at the time of the initial sale, +1 at the time of 
the second sale, and 0 otherwise, and 
εi,t,t-n = the regression error term. 

As noted, the only information required to construct a price index is selling prices and sales dates 
from two sales of the parcel. The estimated coefficient on the time dummy variables becomes the 
price index that, for any date, relates the percent change of parcel price from the beginning of the 
index to the date in question. 

The primary argument against using repeat sales models to estimate the change in 
property values over time is that the use of parcels that sell repeatedly is not an unbiased sample 
of all parcels in the market. This argument can possibly manifest itself in two problems: first, if 
the time period between sales is quite long, the assumption that the underlying property 
characteristics are fixed becomes strained; and second, if the time period between sales is quite 
short, the question of why the property turns over so rapidly suggests the property is atypical for 
some unaccounted-for reason. Section V discusses how this problem was addressed. 

The repeat sales approach is used to construct price indices for existing homes and vacant 
residential land. Obviously, a repeat sales index cannot be constructed for sales of new homes. 
As with the hedonic models, several variants of the repeat sales model should be estimated as a 
check on robustness to identify indices that most accurately represent the trends in property 
values. 

The preceding discussion outlines the theoretical approach taken in estimating hedonic 
and repeat sales models to construct price indices for new and existing homes and vacant 
residential land. These indices represent several different measures of tracing the growth paths of 
property prices over time. Using these indices, which control for parcel and sub-market 
characteristics throughout the metropolitan area, an attempt can be made to explain the variation 
in these indices using metropolitan-wide variables, including county impact fees. Section IV 
describes how the theoretical approach to hedonic estimation is applied to the sample of sales 
from Dade County, Florida from 1985 through 2000, while Section V describes how the 
approach to repeat sales estimation is applied to the sample. 

 
Estimation of Price Index for Hedonic Models 

 

Construction of Samples 

To estimate the hedonic models for new and existing homes and vacant land, data are 
needed that includes detailed characteristics of each parcel, including geographic characteristics 
that will facilitate appending demographic and locational characteristics. For Dade County, I 
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obtained the GIS-map version of the County Property Appraiser 2001 tax roll. This data set 
includes, for each parcel in the county, a parcel identification number, the parcel owner’s name 
and address, a millage code identifying the jurisdiction in which the parcel resides, state and 
county land use codes, the year built of the home on the parcel if necessary, the lot size, property 
assessment and exemption information, the primary and secondary zone of the parcel, square 
footage, the number of bedrooms and bathrooms, x,y coordinates of the center of the parcel, and 
a digitized map of the county with each parcel geographically identified. Aside from these 
structural characteristics, each parcel observation has information on the three most recent sales, 
including the date of sale, the selling price, and the type of sale.45 In addition, each observation 
includes variables that allow the property appraiser to describe extra features not included in the 
other descriptors (irregular lot shape, driveway, fireplace, etc.). To create a sample of residential 
parcels, I included parcels where the state and county land use codes both indicated residential 
property. After recoding some data entry errors, eliminating unusual observations (e.g., lot size = 
0), and converting lot size into acres,46 the number of residential parcels in Dade County was 
256,900. 

After the residential parcels were identified from the full sample of Dade County 
properties, I affixed demographic information to each observation. GIS-compatible information 
was available for Dade County block groups only for the 1990 and 2000 Censuses; thus, parcels 
that sold prior to 1996 were attributed 1990 block group demographic information and parcels 
sold during or after 1996 were attributed 2000 block group demographic information. The 
Census information was appended using a spatial join in ArcView between the Property 
Appraiser GIS map of all parcels with the Census GIS map of block groups. 

Other geographic information that was included on each observation was linear distance 
to major employment centers and dummy variables indicating in which municipality the parcel 
was located. The major employment centers in Dade County were identified using Muller’s 
(1991) analysis of South Florida’s urban geography, as well as the CBD as identified by the 1982 
Census of Retail Trade.47 To verify Muller’s employment centers, I created an employment 
density variable using the 1990 Census Transportation Planning Package (CTPP) where I divided 
the number of employees per TAZ (traffic analysis zone) by the area of the TAZ. The TAZ’s 
with the highest employee density matched very well with Muller’s 6 identified employment 
centers and with the Census of Retail Trade CBD. These 6 centers are Miami International 
Airport, Dadeland, Cutler Ridge, International Mall, Westland Mall, and Aventura Mall. I added 
an eighth employment center representing Homestead and Florida City since the employment 
density was quite high even though Muller omitted it from his analysis. For each of these eight 
centers, an x,y coordinate value was assigned by locating the individual parcel that best 
approximated the center of the high-employment-density TAZ’s.48 The simple linear distances 
from each residential parcel to these centers was then calculated using the x,y coordinates for 
each parcel. 

                                                 
45 There are six sale types: warranty deed as a good sale, a good sale of two adjacent lots, a deed for Florida 
government purchase, a quit claim bad sale, a warranty deed without money, and an undetermined type necessitating 
an administrator’s review. The first two sale types were included as “arms-length” sales. 
 
46 Lot sizes are occasionally recorded in square feet rather than acres. 
 
47 Denoted as the centroid of 1980 Census tract 37.01. 
 
48 I was able to overlap the parcel GIS map with the TAZ map from the CTPP. 
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All of the sales amounts for the residential properties were adjusted for inflation using the 
CPI for all urban consumers, all items, for Miami-Ft. Lauderdale.49 Other time-related variables 
were created for use in the first and second stage estimations. A time trend variable from 0 to 
191 represents the months from January 1985 through December 2000. Monthly dummies were 
created to represent January through December, and month-year dummies were created to again 
represent January 1985 through December 2000. An alternative specification to account for time 
is the flexible Fourier expansion as outlined in McMillen and Dombrow (2001). The appeal is 
that the Fourier expansion creates a smoother sequence of price changes over time than using 
time dummy variables and is less sensitive to periods in which few sales occur. The specifics of 
the Fourier expansion are outlined in the previous chapter. To incorporate the Fourier expansion, 
variables were created for the z and z-squared terms, as well as for the sine and cosine terms. 

To filter out incomplete entries or data errors and include only “arms-length” sales, I 
eliminated observations according to criteria followed in Gatzlaff and Ling (1994). Observations 
with outlier selling prices were eliminated if the log of price per acre was more than three 
standard deviations from the yearly mean of the log of price per acre. This filter was enough to 
eliminate some vacant residential land parcels, and the total number of vacant land parcels used 
to construct the hedonic indices was 8,109. 

Gatzlaff and Ling included other filters to eliminate some single-family home parcels in 
their study of Dade County properties. Properties were eliminated where the building square 
footage was below 800 square feet or above 6000 square feet, where the selling price was below 
$8000, and where variables were apparently coded incorrectly (e.g. having a year built equal to 
zero, or a year built that was listed as later than a sales year, indicating a negative age of the 
structure at time of sale). This yielded 147,168 single-family home parcels. New homes were 
identified where the time between construction and first sale was one year or less, existing homes 
were identified where the time was longer than one year. This yielded 39,792 new homes and 
107,376 existing homes. 

 
First Stage Estimations 

For the three property types studied (vacant land, new homes, and existing homes), four 
models were estimated to account for time. Two models utilized the flexible Fourier expansions, 
while two utilized the monthly dummy variables. For the vacant land models, the hedonic 
equations to construct the indices were: 

Sales price = f(lot size, lot size2, dist, dist2, demo, muni, time) (3.3) 
where superscript 2 indicates a squared term, dist are the linear distances from the parcel to the 
eight employment centers, demo are the percent black, percent Hispanic, percent renter, and 
median income of the block group, muni are the municipality dummy variables, and time are the 
time variables. The first model used the z, z2, sine, and cosine terms from the Fourier expansion; 
the second model used the Fourier terms by themselves and interacted the Fourier terms with 
each of the other independent variables to allow the coefficients to vary over time; the third 
model used the month-year dummy variables; and the fourth model used month dummy 
variables but estimated equation (3.3) for each year. The coefficients from each model were 
used, along with the means of the independent variables and the relevant time variables, to 
predict the selling price of a parcel of vacant land with mean characteristics for each month from 
1985 through 2000. I thus constructed the four monthly hedonic indices for residential vacant 
land over the sample period. 

                                                 
49 CPI data from Bureau of Labor Statistics website. 
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The results from the hedonic estimations for vacant land were disappointing. There was 
not much consistency between the estimated indices over the four models, nor between the land 
models and the other single-family home models. The central problem, aside from small 
numbers of land sales in certain months, is that the 2000 Property Appraiser tax roll identifies the 
land use of parcels as they were used in 2000. Thus, the indices for land had to use parcels that 
were identified as vacant land in 2000 but that also had sales dating back to 1985 at the earliest. 
The assumption that these parcels are representative of all vacant land parcels is strained since a 
typical land parcel in a residential housing market should not remain undeveloped for fifteen 
years. The data were not detailed enough to, say, include the first listed sale from observations of 
2000-identified single-family homes and presume that that first sale was the sale of the parcel 
when it was undeveloped. Since the land use codes identified the property in 2000, the 
probability that identified vacant land sold years ago had unobserved characteristics that 
distinguished it and kept it unsold is arguably high enough to reject the assumption that the land 
sample was representative. This problem does not arise, fortunately, when repeat-sales methods 
were used with the Department of Revenue files. 

For the new and existing home sales, the same variables were used as in equation (3.3), 
along with the structural variables listed earlier in this chapter (bed, bath, square footage, those 
variables squared, and age and age squared for existing homes). The four models were run for 
new and existing as well, and 4 indices for both new and existing homes were thus created 
representing the selling price for a home with mean characteristics for each month from 1985 to 
2000. Since the impact fees to be used later were Dade County impact fees, and municipality 
impact fee data were incomplete, indices for unincorporated “mean homes” were constructed by 
including the coefficient and mean value for the unincorporated municipality code dummy 
variable. Thus, these indices represent the selling prices for homes in the unincorporated area of 
Dade County with mean characteristics. 

The new and existing home hedonic price indices were much more stable and consistent 
than the land price hedonic indices. The R2’s for the house hedonic models were generally 
greater than 0.70, and the coefficients behaved as expected. This is attributable in part to the 
greater number of observations for new and existing homes versus land sales, and in part to the 
fact that the home sale observations are not subject to the sample bias that afflicts the land 
sample. Figures 3.1 through 3.11 in the Appendix show graphs of the indices for the 4 models for 
both new and existing homes in Dade County and in unincorporated Dade County with mean 
characteristics. Tables A.1 through A.7 in the Appendix provide first-stage regression results for 
the Fourier expansion and month-year time dummy models from which the respective indices 
were constructed. This set of hedonic indices, when used in conjunction with the repeat-sales 
indices described below, allows us to analyze the effects that the implementation of impact fees 
had on the Dade County housing and land markets. 

 
Estimation of Price Index for Repeat Sales Models 

 

As mentioned, one of the primary assumptions of repeat sales models is that the parcel’s 
characteristics are generally fixed between sales, so estimation of equation (3.2) only requires 
data on the selling price and the date of sale for each parcel. The Florida Department of Revenue 
(DOR) collects property data in the form of an annual tax roll from the individual county 
property appraisers. The DOR file is less descriptive in terms of parcel-specific characteristics, 
so I was unable to use it in the hedonic models. I did, however, have access to all available DOR 
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rolls (1994 through 2000), which made the DOR tax rolls an appropriate dataset with which to 
estimate the repeat-sales models. The sample bias problem associated with land parcels was not 
an issue using the DOR data since parcels were identified each year from 1994 through 2000. I 
restricted the sample to include those parcels that had a first sale after 1989, so there was no 
worry about including vacant land parcels that stayed vacant over many years. 

Indices were constructed using the repeat-sales methodology for both existing homes and 
vacant residential land. The repeat-sales indices were constructed using data for 25,000 existing 
home sales and for 1,000 vacant land sales. The explanatory power of these models (R2 = 0.48 
and 0.36, respectively) was similar to other repeat-sales models estimated in the existing 
literature (Goodman and Thibodeau, 1998; McMillen and Dombrow, 2001; Macpherson and 
Sirmans, 2001). Figures 3.12 and 3.13 in the Appendix show graphs of the indices for existing 
homes and vacant residential land using the repeat-sales approach. 

 
Conclusion 

 

Dade County is a unique community in which to study the incidence of impact fees. Both 
the county and the metropolitan area share a common border, so the use of a metropolitan-area 
housing market model to analyze county impact fees is appealing. To proceed in this analysis, 
countywide movements in house and land prices need to be quantified, after which comparison 
of these movements with changes in impact fee amounts can reveal the effects of impact fees on 
housing and land markets. 

This chapter described how price indices were constructed to represent these countywide 
movements for new and existing homes and vacant residential land. Both hedonic and repeat-
sales methods were described, along with the inherent strengths and weaknesses of each 
approach. The constructed indices will be used in the following chapter to estimate the effects of 
impact fees on the prices of new and existing homes and vacant land, and in chapter five to 
estimate the effects of impact fees on the rate of residential home construction. 
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CHAPTER 4 

ESTIMATION OF STOCK FLOW MODEL TO ASSESS EFFECTS OF IMPACT FEES ON 

HOUSE AND LAND PRICE INDICES 

 
 
 
 

Introduction 

 
An increasing number of local communities in the United States have sought alternatives 

to the property tax as a means of financing capital improvements or other expenditures. 
Prominent among these are developmental impact fees, which are one-time levies assessed on 
property developers ostensibly for the provision by the local government of such infrastructure 
services as roads, schools, parks and other recreational areas, library services, and fire and police 
protection for the additional population that is caused by the development. States and their local 
governments have varied as to their use of impact fees, with certain states, such as Minnesota, 
California, Florida, and Colorado, taking the lead in their adoption. 

Impact fees are growing in popularity for at least two reasons. First and foremost, 
property tax financing of the public capital services (or infrastructure) required by new 
development increases the tax burdens of existing property owners. By switching to impact fees, 
these costs are shifted to property developers.50 Second, to the extent that impact fees 
approximate user fees, they are both more efficient (since investment decisions reflect marginal 
social cost) and more equitable (based upon the benefit principle of just taxation) than alternative 
financing mechanisms.51 

Despite the spread of impact fees, their effects on land and housing markets have 
received comparatively little empirical investigation. Most importantly, not much is known 
regarding the economic incidence of impact fees—i.e., who is it that actually bears the burden of 
the fees—developers, new homebuyers, or owners of undeveloped land? How the burden of the 
fees is distributed across these groups has a bearing on a number of issues currently receiving 
considerable attention in policy discussions, including the availability of affordable housing for 
lower-income households in job-rich suburban communities and the negative externalities that 
allegedly result from suburban sprawl. 

                                                 
50 Assuming that competition ensures normal profits in the housing construction industry, developers will recover 
these costs in the form of higher housing prices or lower land prices, as discussed more fully in the next section. 
 
51 State legislatures and state courts have typically applied the “rational nexus” test to impact fee ordinances, which 
requires 1) a clear connection between new growth and the need for new capital facilities, 2) fees that are 
proportional to the costs of providing the facility, and 3) the payer of the fee benefit from the new public facilities. 
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A few studies have investigated the effects of impact fees on the sales prices of new and 
existing single-family homes. However, the reliability of the evidence presented by these studies 
is questionable because it is generally not consistent with expectations derived from economic 
theory, and emanates from sparsely specified hedonic price models that omit variables that are 
likely correlated with impact fees. Perhaps an even more significant limitation of the extant 
literature is that there is little evidence on the impact that fees have on the value of vacant land, 
despite the fact that economic theory suggests that landowners may be heavily impacted by fees. 

This chapter presents the results from estimating the effects of impact fees on the prices 
of new and existing single-family homes and undeveloped residential land using unique sets of 
time-series data for Dade County, Florida.52 The first impact fee adopted by Dade County was in 
1989 and was earmarked for road construction. Since then the total amount of fees has grown as 
fees for parks, education, fire protection, and police protection were added and existing fees 
increased. I relate the growth in fees to changes in constant-quality new and existing house price 
indices and indices of the value of undeveloped residential land by estimating stock-flow models 
of the housing and land markets. 

The results show that an additional $1.00 of impact fees increases the price of both new 
and existing housing by about $1.60 and reduces the price of land by about $1.00. The uniform 
effects of impact fees found for new and existing housing and the finding that the magnitude of 
these effects are roughly in line with property tax savings experienced by homeowners are 
consistent with the new view theory of impact fee incidence. The finding that land values fall, 
despite the fact that the increase in new home prices exceeds the total value of the fees, is 
hypothesized to be due to developer uncertainty regarding future increases in fees. 

 

The Theory of the Incidence of Impact Fees 

 
The theoretical literature on the incidence of impact fees can be divided into an old view 

(Altshuler and Gómez-Ibáñez 1993; Delaney and Smith 1989a, 1989b; Downing and McCaleb 
1987; Snyder 1986; Huffman, et al. 1988; Singell and Lillydahl, 1990) and a new view (Yinger, 
1998a, 1998b).53 The old view treats impact fees as an excise tax on developers, ignoring the 
new public capital services (or infrastructure) that are financed by the fees. Hence, under the old 
view, the imposition of an impact fee in a competitive market results in the standard short-run 
excise tax effect: the supply of new housing shifts up by the amount of the fee, resulting in a 
higher price paid by new homebuyers, a lower net price received by developers, and a lower 
quantity of new homes built. An underlying assumption of the old view is that the demand for 
housing is not perfectly elastic. 

Based on the assumption that supply and demand are neither perfectly elastic nor 
perfectly inelastic, the old view predicts that the increase in the price of new homes and the 
decline in the net price received by developers will both be less than the amount of the fee. In the 
short-run, therefore, both the new homebuyer and the developer share the burden of the fee—the 
new homebuyer in the form of a higher price and the developer in the form of economic losses. 

                                                 
52 Dade County encompasses the entirety of the Miami, Florida Primary Metropolitan Statistical Area. Dade County 
along with Broward County form the Miami-Ft. Lauderdale Consolidated Metropolitan Statistical Area. 
 
53 This review of the theoretical literature provides a brief, intuitive account of the principal predictions of each 
theory. For diagrams and mathematical formalizations, see the articles referenced or Chapter 2. 
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Because new and existing housing are close but imperfect substitutes, the old view also predicts 
that impact fees will cause some homebuyers who otherwise would have purchased a new home 
to instead buy an existing home. This shift in demand in favor of existing homes will increase 
their price by something less than the increase in the price of new homes. 

In the long run, developers’ profits return to a normal level as their bids for land decline, 
resulting in reductions in the price of land. Thus, part of the burden of the impact fee is shifted 
backward to landowners. Huffman, et al., however, argue that backward shifting is highly 
unlikely because landowners have a reservation price below which they will not sell, and they 
will keep their land off the market until prices rise to that level. This argument is not persuasive. 
While the existence of a reservation price may make land prices sticky in a downward direction 
in the short run, it does not eliminate the possibility that impact fees will be shifted backward. In 
a depressed market with reduced housing construction, reservation prices eventually decline in 
the absence of buyers. 

The chief differences between the old and new view theories of impact fee incidence are 
that the new view 1) incorporates the public capital services that are financed by the fees, 2) 
recognizes the impact of property tax capitalization on the incidence of the fees, and 3) assumes 
that the housing demand curve facing construction firms in a single jurisdiction is horizontal. 
The latter assumption is equivalent to assuming that new homebuyers are mobile.54 Yinger 
(1998b) argues that the old view’s reliance on downward-sloping demand rests upon faulty 
reasoning: 

 
However, the motivation for downward-sloping demand in the literature is not 
clear. In particular, most of the articles in the literature argue that demand will 
slope downward in a community that has nonreproducable characteristics or no 
close substitutes. With mobile households, however, the value of nonreproducable 
characteristics will simply be capitalized into the price of housing—with no 
impact on the slope of the demand curve. (p. 31) 

 
While impact fees are not shifted forward to new homebuyers under the new view (i.e. the 
imposition of the fee has no direct effect on the price of housing), the benefits that accrue to new 
homebuyers from the infrastructure financed from the fee are capitalized into new home prices. 
If the increase in price that results from the capitalization of benefits equals the fee, then neither 
the developer nor the landowner bear any burden of the fee since developers’ profits remain at 
the normal level. The fee is borne by the homebuyer in the form of a higher housing price, but 
net of the benefits received from the fee-financed infrastructure there is no burden. However, if 
these benefits are less valued by the new homebuyer and therefore result in a house price 
increase that is less than the fee, restoration of developers’ profits to a normal level requires that 
the price of land declines.55,56 On the other hand, if the benefits from the new infrastructure are 

                                                 
54 The most convincing evidence on the rate of property tax capitalization is provided by Yinger, et al. (1988), who 
find that property taxes, holding services constant, are fully capitalized into house values. 
 
55 This assumes that there is perfect competition in the construction industry. In most markets, especially in large 
markets like Dade County, this assumption is likely satisfied, since the construction industry is characterized by 
numerous small and independent contractors. 
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highly valued by new homebuyers and as a result the increase in the price of housing exceeds the 
amount of the impact fee, then normal profits for developers requires an increase in the price of 
land. Land prices therefore remain unchanged, decrease, or increase depending upon whether the 
benefits of the new infrastructure are equal to, less than, or greater than its costs, assuming that 
these costs are fully covered by the impact fees.57 

The above effects assume no change in the property tax rate. However, the increase in 
house values due to the infrastructure improvements raises the property tax base in the 
jurisdiction and increases the revenue that can be raised at the old tax rate. Hence, assuming the 
maintenance of a balanced budget, the tax rate must fall. This fall in the tax rate has two 
implications. First, it will increase the price of new housing and therefore further compensate 
developers for the fee they must pay. This lessens the possibility that the fee will be shifted 
backward to landowners. Second, the fall in the tax rate extends to existing homeowners a capital 
gain from the imposition of the fee. 

Because almost all local jurisdictions have relied upon the property tax to finance new 
public capital services, the predictions of the new view regarding a shift from property tax 
finance to the use of impact fees is of particular interest. Assuming there is no change in 
infrastructure quality that accompanies the change in financing, the new view predicts that the 
price of new and existing housing should both go up by the same percentage. The increase in 
house prices should equal the capitalized value of the property tax savings that homeowners 
expect from the reduction in the tax rate. The tax rate declines because the imposition of the 
impact fee shifts the costs of new infrastructure from existing property owners to developers. If 
the increase in the price of housing from the expected property tax savings is less (more) than the 
fee, the price of land must decline (rise) to maintain developer profits at the normal level.58 

The prediction of the new view that land values will not fall if the property tax savings- 
induced increase in the price of new housing equals or exceeds the fee is based on the 
assumption that developers expect fees to remain unchanged in the future. However, an increase 
in fees may cause developers to expect that new types of fees will be added in the future (e.g., a 
road fee may signal that an education fee is forthcoming) or that existing fees will go up. 
Because there can be significant time delays between the purchase of land and the approval of 
building permits (the time at which fees must be paid in Florida), expectations of higher fees 
may lower developers’ land bids in the current time period even if during this time the rise in 
housing prices matches or exceeds the fee. Developers are more likely to form these expectations 
of future higher fees when the municipal decisions to implement or raise fees are unpredictable. 

In summary, the old and new view theories of impact fee incidence yield the following 
contrasting predictions regarding the price effects of impact fees: 

• The old view predicts that the price of new homes will increase by less than the fee. 
Assuming no change in infrastructure quality, the new view predicts that the price of new 

                                                                                                                                                             
56 Benefits from the new infrastructure financed by the fees may not be highly valued by new homebuyers if the 
infrastructure is deemed unnecessary (e.g., a new school by households without children) or if the infrastructure 
serves both new and existing residents and consumption is rivalrous. 
57 This is only approximately correct. As Yinger (1998b) notes, even if benefits equal costs, an impact fee is 
expected to reduce the price of land because developers cannot fully recover the fee in the form of a higher housing 
price: as price increases, property taxes also go up, which dampens the increase in price. 
 
58 The property tax savings will of course be larger within those jurisdictions that contain a higher percentage of new 
households. 
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homes will increase by less than or more than the fee, depending upon the property tax 
savings that homebuyers expect from the change in financing. 

• The old view predicts that the price of existing housing will increase by something less 
than the increase in the price of new homes. The new view predicts that the price of new 
and existing housing will increase by the same amount and this amount will equal the 
capitalized value of the property tax savings that homeowners expect. 

• The old view predicts that in the long-run land owners will bear part of the burden of the 
impact fee in the form of a reduction in the price of land. The new view predicts that the 
price of land will fall or rise depending on whether the property tax savings-induced 
increase in the price of new housing is less than or more than the amount of the fee. 

 
A Review of the Empirical Evidence on the Incidence of Impact Fees 

 

Early empirical analyses of the incidence of impact fees consist of papers by Delaney and 
Smith (1989a, 1989b), Singell and Lillydahl (1990), Nelson, et al. (1992), and Skaburskis and 
Qadeer (1992). Table 4.1 summarizes the resulting fee effects of these papers. Delaney and 
Smith study the effects of a $1,150 impact fee that was adopted by Dunedin, Florida in 1974. 
Their two papers look at the effects of the fee on the price of new housing and existing housing, 
respectively, by constructing constant-quality price indices for new and existing housing in 
Dunedin and existing housing in the nearby city of Clearwater. Their results show that the price 
of new housing rose much more than the impact fee amount, that the price of new housing rose 
relative to the price of existing housing in Dunedin, and that the price of existing housing in 
Dunedin rose relative to the price of existing housing in Clearwater after Dunedin’s impact fee 
was adopted. 

The papers of Delaney and Smith suggest that impact fees increase the price of both new 
and existing housing, but the effect is larger on new housing. Their finding that impact fees have 
a larger price effect on new than existing housing is more consistent with the old than the new 
view theory. However, overshifting is not predicted by the old view, but is possible under the 
new view. As discussed in the previous section, if the impact fee is an excise tax, the price of 
new homes should increase by less than the fee. Under the new view, if property tax savings are 
large enough, the price of new housing can increase by more than the fee. 

The conclusions of Delaney and Smith have been contested by Yinger (1998b), who 
expresses two criticisms of their methodology. First, in constructing their price indexes they held 
the price of land constant, which means that any backward shifting of the fee to landowners is 
not captured, thereby possibly overstating the amount of forward shifting.59 Second, the hedonic 
models they estimate to construct their prices indexes are subject to omitted variable bias since 
their data set did not allow them to control for infrastructure quality or for housing and 
neighborhood characteristics. 

Singell and Lillydahl use housing price data from Loveland, Colorado that spans a three-
year period (1983-1985), in the middle of which $1,182 of additional impact fees were 
implemented. They estimate separate hedonic models for new and existing housing using an 
impact fee dummy variable, and find that the $1,182 increase in fees increased the price of new 

                                                 
59 Yinger notes that the failure of Delaney and Smith to allow for the price increase for new housing to be 
accompanied by a decrease in the price of undeveloped land likely explains their result in their second article that 
the fee increases the price of new housing relative to the price of existing housing. As reviewed in the theoretical 
section, Yinger’s model indicates that the fee should have the same effect on new and existing house prices. 
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homes by $3,800 and the price of existing homes by $7,000. None of these results is consistent 
with either the old view or the new view theory. The new view indicates that impact fees should 
increase the prices of new and existing homes by the same amount; hence, Yinger (1998b) 
questions the divergent findings between new and existing housing found by Singell and 
Lillydahl. He also finds the magnitude of the effects implausibly large. He suggests that quality 
was probably declining for the new houses in Singell and Lillydahl’s sample, which would 
explain the small effect found for them, and that some time-related factor was left out of their 
models that pushed up the price of both new and existing homes at about the same time the 
increase in fees occurred. 

The only studies that have estimated the effect of impact fees on land values are Nelson, 
et al. (1992) and Skaburskis and Qadeer (1992). Nelson, et al. use data on developable land sales 
in Loveland, Colorado and Sarasota County, Florida. Their results differ between the two cities: 
for Loveland the fee variable is statistically insignificant, while for Sarasota the fee variable is 
positive and significant. For the latter result, which is inconsistent with the old view, the authors 
provide two possible explanations: 1) where fees exist the expectations of developers may be 
more certain that the necessary infrastructure improvements will actually be provided by the 
county, and 2) where fees exist building permits may be faster to obtain.60 

The models estimated by Nelson, et al. have been criticized by Yinger (1998b) as subject 
to endogeneity bias, because the unit of land measurement appears on both sides of their 
estimated equations. An equally important reason for questioning their results is that their sample 
sizes are exceedingly small, ranging between 29 and 40 observations.61 Finally, the explanations 
they provide for why the fees are found to increase land prices suggest that developers would 
favor fees, which is not consistent with the efforts that Florida home builders have made to 
eliminate them (Bousquet, 1999; Charles, 2000). 

Skaburskis and Qadeer use data on 1,021 single-family lot sales from three of Toronto’s 
suburban municipalities over the period 1977-1986.62 Like Nelson, et al., they find that fees 
increase lot prices; specifically, fees increase lot price by approximately 1.2 times the size of the 
fee. Their explanation for this finding is that impact fees delay development which increases 
housing prices, which in turn raise land prices. According to the new view theory of impact fee 
incidence, rising house prices can only raise land value if the increase in house price exceeds the 
amount of the fee, but no evidence is provided by the authors on whether this condition was 
satisfied for their sample. Without such evidence, it is unclear whether rising housing prices 
account for their results. 

In addition to the early studies, there are two recent studies that have had the benefit of 
Yinger’s new view theory and his critique of the early literature (Dresch and Sheffrin, 1997; 
Baden and Coursey, 2002).63 Dresch and Sheffrin use housing sales data for Contra Costa 
County (a county in the San Francisco Bay area) for the period 1992-1996. The results show that 

                                                 
60 No evidence is provided by Nelson, et al. that fees actually changed the expectations of developers or increased 
the speed of permitting. 
 
61 The small size of the Sarasota sample is even more problematic in light of the 16 independent variables entering 
the model. 
 
62 In his review of the empirical literature, Yinger overlooked Skaburskis and Qadeer’s study. 
 
63 Dresch and Sheffrin cite a 1996 mimeo by Yinger that is an early draft of his subsequent 1998 articles, and Baden 
and Coursey cite Yinger (1998b). 
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in the eastern area of the county an additional $1.00 of fees increase the price of new and 
existing housing by $0.25 and $0.23, respectively. In the western area of the county the same 
$1.00 fee increase causes the price of new housing to increase by $1.88. The results for existing 
homes in the western area are not reported but are said to show no relationship between fees in a 
jurisdiction and the sale price of existing homes. 

Dresch and Sheffrin’s eastern area results could possibly be explained by either the old or 
new view theories. But the inconsistency in their results between the eastern and western areas 
cannot be explained by either theory. The overshifting in the western area is inconsistent with the 
old view, while the large difference found in the increase in the price of new housing between 
the two areas could only be explained by an implausibly large difference in the elasticity of 
demand. Under the new view, there is no reason to expect differences between the eastern and 
western areas unless homebuyers expect different tax savings between the two areas, which is 
also implausible given they are located within the same political jurisdiction.64 The finding that 
impact fees affect the price of new housing but not the price of existing housing within the 
western area is also inconsistent with the new view. 

Baden and Coursey use 1995-1997 housing sales data from eight suburban municipalities 
located in the Chicago metropolitan area. They estimate a model that is similar to that of Dresch 
and Sheffrin, except that they choose to pool new and existing home sales and estimate a single 
model for the entire housing market. Using a double-log model they obtain elasticities that fall 
within a range of .011 and .014. These elasticities indicate that for the average priced home 
within each jurisdiction the increase in housing price tends to match the increase in fees. Because 
separate models are not estimated for new and existing houses, it is difficult to assess Baden and 
Coursey’s results in light of either the old or the new view theory, but the magnitudes of their 
estimates are more reasonable than those obtained in the early studies. 

In summary, many of the estimated price effects of impact fees reported in the extant 
literature are not consistent with theoretical expectations, regardless of whether these 
expectations are based on the old or new view theories of impact fee incidence. This is not 
surprising in light of the underspecified models that have been estimated. In the Methodology 
section I outline an empirical approach that attempts to overcome the limitations of prior work. 
 

Issues Relevant to Dade County as the Study Area 

 
Dade County encompasses the entirety of the Miami, Florida Primary Metropolitan 

Statistical Area. Dade County along with Broward County form the Miami-Ft. Lauderdale 
Consolidated Metropolitan Statistical Area. A distinguishing characteristic of the new view 
theory is that new homebuyers are assumed to be mobile across political jurisdictions, and 
therefore the housing demand curve facing construction firms in a single jurisdiction is 
horizontal. This assumption might be questioned in my application because the single 
jurisdiction represents the entire Miami PMSA. The issue is whether Dade County is its own 
housing market or part of a larger housing market. There has been considerable debate in the 
housing literature on the geographical extent of the housing market.65 Some studies have gone so 

                                                 
64 Due to Proposition 13 the expected savings are unlikely to be in property taxes but rather in the “special taxes” 
that are used in Mello-Roos districts to finance infrastructure. 
 
65 For review of this debate see Linneman (1982) or Palmquist (1991). 
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far as to conclude that there is a single national housing market (Linneman, 1980, 1981; Cobb, 
1984; Deyak and Smith, 1974; Smith and Deyak, 1975), based upon the argument that residential 
migration and housing capital funds are sufficiently mobile that arbitrage across geographical 
areas within the United States creates an efficient housing market. It is beyond the scope of this 
dissertation to investigate the size of the housing market that includes Dade County. However, 
there is evidence that suggests that Dade is part of a larger market. If there are at least some 
consumers who would consider the alternative areas, then those areas can be treated as a single 
market (Palmquist, 2000). The two counties that share a long common border with Dade are 
Broward to the north and Monroe to the west. According to the 2000 Census, 115,044 and 1,186 
of the people who work in Dade live in Broward and Monroe, respectively. While each of these 
counties also impose impact fees on new homes, the amounts of the fees are only about one-third 
as large as those in Dade County. 

Another issue that is relevant to the use of Dade County as the study area is that the 
quality of the public infrastructure provided to purchasers of new homes cannot be measured. If 
infrastructure quality changes over time and these changes are correlated with changes in impact 
fees, then estimates of the price effects of impact fees may be biased. However, it is clear from 
Dade County’s impact fee ordinances that the intent of the County is to use the fees to provide 
capital services to new residents commensurate with those provided to existing residents. Hence, 
while I cannot rule out an omitted variable bias in the results, it has not been Dade’s policy to 
accompany changes in fees with either increases or decreases in the quality of infrastructure 
provided to new homebuyers. Rather, the goal has been to find a revenue source that would take 
pressure off the property tax as a means of funding the infrastructure needs of a rapidly growing 
population.66,67 
 

Methodology 

 
The empirical approach to the estimation of the price effects of impact fees consists of 

two stages. In the first stage monthly indices of the price of constant-quality new and existing 
housing and undeveloped residential land are constructed. These indexes are regressed in the 
second stage on impact fees and a set of control variables suggested by DiPasquale and 
Wheaton’s (1994, 1996) stock-flow model of the housing market. 

 

First stage 

To construct constant-quality price indexes I first estimate both hedonic price and repeat-
sales models (see Chapter 3). The estimated coefficients obtained from the hedonic models are 
then used to predict the price that a property with mean values of the independent variables 

                                                 
66 It should also be noted that the results suggest that the omission of infrastructure quality has not biased the 
estimated impact fee effects. As discussed below, I find that the fees increase the price of new and existing housing 
by the same amount, which is consistent with the new view theory. If changes in the quality of infrastructure 
provided to new homes are correlated with changes in fees, one would expect that the price effects of the fees would 
differ between new and existing homes. 
 
67 Like most local jurisdictions Dade County relies on a wide variety of methods to finance its capital expenditures, 
but the dominant method is to issue long-term municipal bonds and pay the debt service on these bonds using 
property tax revenues. 
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would sell for in each month. These monthly predictions form one of the two types of price 
indexes I construct. The other type comes from the estimation of repeat-sales models. The 
estimated coefficients of these models directly provide a cumulative price index that measures 
the percentage change in price between period t and the initial time period. 

For new housing only a hedonic price model can be estimated, but for existing housing I 
estimate both hedonic and repeat-sales models. For reasons given below, only a repeat-sales 
model is estimated for vacant land. 

The hedonic model estimated for new single-family home sales can be expressed as: 

t,it5i4i3t,i2i10t,i uTJLNSP ++++++= ββββββ  (4.1) 

where  Pi,t = sale price of house i in time period t 
Si = structural characteristics describing house i 
Ni,t = characteristics of house i’s neighborhood in time period t 
Li = the distance and distance squared between house i and eight different employment 
centers 
Ji = dummy variables indicating which of 32 jurisdictions the house is located in 
Tt = dummy variables for the time period (month and year) the house was sold 
ui,t = regression error term 

To estimate (4.1) the primary data source is the Dade County Property Appraiser 2001 tax roll. 
Along with sales price information, the tax roll provides structural characteristics on all 
properties and a parcel identification number that allowed me to pinpoint each property’s 
location on a digitized map. GIS applications were used to assign each property to a census block 
group and to measure its linear distance to eight different employment centers within the Miami 
metropolitan area.68 

The S variables include the number of bedrooms and baths, interior living area in square 
feet and its square, and the size of the lot in acres and its square.69 The N variables included, for 
the block group, median income, percent black, percent Hispanic, and percent renter.70 The time 
period (t) in (4.1) is the month and year the house was sold. The first period is January 1985 and 
the last period is December 2000, thus resulting in a set of 191 T dummy variables representing 
192 months.71 

                                                 
68 Five of the employment centers were identified by Muller (1991), who is an urban geographer at the University of 
Miami. After consulting with him and checking secondary data sources I updated the list to include three additional 
centers. 
 
69 Interaction terms were also included to account for the possibility that the marginal value of living area depends 
on the number of rooms, and that the marginal value of lot size depends on the square footage of the house. See 
Rasmussen and Zuehlke (1988 and 1990). 
 
70 For sales occurring from 1985 through 1995, 1990 Census information is used, and for sales after 1995 
information from the 2000 Census is used. Because income data from the 2000 Census for block groups had not 
been released at the time I estimated the models, I used 1990 median income for all years. 
 
71 Equation (4.1) assumes that the implicit prices on the variables entering the hedonic model are stable over time. 
As an alternative to (4.1), I estimated separate regressions for each year that included monthly dummy variables in 
order to allow implicit prices to change from one year to the next. Because the price index obtained from these 
regressions is highly similar to the original index (correlation = .93) and both indexes yielded similar results in stage 
two, I only report the results obtained using the original index. Gatzlaff and Ling (1994) also find that it makes little 
difference in the construction of price indexes from hedonic models whether or not implicit prices are allowed to 
vary over time. 
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The hedonic model estimated for existing houses is identical to (4.1), except that the age 
of the house and age squared are included as explanatory variables. The new and existing 
housing models contained 39,792 and 107,376 individual sale price observations, respectively.72 
The results from estimating the hedonic models show that they have good explanatory power (R2 
= .79 for existing housing and .83 for new housing) and that the explanatory variables all behave 
in the expected fashion.73 

The actual indices used in this chapter are as follows: H_New is the index from hedonic 
regressions on new homes in unincorporated Dade County using month-year time dummy 
variables, and H_Ex is the index from hedonic regressions on existing homes in unincorporated 
Dade County using month-year time dummy variables. The Fourier approach discussed in 
chapter 3 suggested using the expansion terms in constructing house price indices, but ultimately 
I decided against including them in later estimations. The benefit of the Fourier method is that it 
creates a smoothly-changing index that is relatively unaffected by periods of small numbers of 
sales. However, in this application, I am interested in revealing any short-run changes in prices 
due to impact fees, and a smoothing mechanism such as the Fourier expansion tends to minimize 
this effect. Since the hedonic models for new and existing homes rarely have less than a hundred 
sales each month, and since I am more interested in seeing price spikes than in smoothing them, I 
opted to not use my earlier indices constructed with Fourier expansion terms.  

For existing housing and vacant residential land I estimate a standard repeat-sales model: 
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where Pi,t is the most recent selling price of property i at time t; Pi,t-n is the previous selling price 
of property i at time t-n; βk is the logarithm of the cumulative price index in period t; Di,k is a 
dummy variable which equals –1 at the time of the initial sale, +1 at the time of the second sale, 
and 0 otherwise; and εi,t,t-n is the regression error term. The data to estimate (4.2) come from the 
Florida Department of Revenue (DOR), who require that each county annually send to DOR an 
abbreviated version of its tax roll for auditing purposes. The file that DOR receives contains the 
two most recent sale prices of each property and the year and month of each of these sales. This 
is all the information required to estimate (4.2). 

A criticism of repeat-sales models is that improvements to existing homes and vacant 
land are not taken into account. This can cause repeat-sales indices to overstate the true amount 
of house or land price inflation. However, as long as possible overestimates in month-to-month 
inflation are not systematically related to changes in impact fees, they should have little effect on 
the results. 

Another criticism of repeat-sales models is that repeat sales may not be representative of 
the stock of housing or residential lots. To address this concern I obtained from DOR all of the 
tax files sent to them by Dade County that DOR still had available (1994-2000). All properties 
that experienced a second sale over these seven years are included in the samples as long as the 
first sale occurred after 1989. Two separate indexes are obtained from the estimation of repeat-

                                                 
72 Only “arms length” sales are used and a number of filters are used to delete incomplete and incompatible 
observations (e.g., homes selling for $1). These filters are based on Gatzlaff and Ling (1994), who also used county 
appraisers data for Dade County, Florida. These criteria were also used in the repeat-sales models. 
 
73 See Chapter 3 for additional information on these estimations. 
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sales models: one for existing housing (RS_Ex) and one for vacant residential land 
(RS_Land).74,75 The results from estimating the repeat-sales models show that RS_Ex and 
RS_Land are based on 25,000 and 1,000 repeat sales, respectively. The R2s for these two models 
are .48 and .36, which are comparable to those obtained for similar repeat-sales models estimated 
in the literature (Goodman and Thibodeau, 1998; McMillen and Dombrow, 2001; Macpherson 
and Sirmans, 2001). 

 
Second Stage 

Because the impact fees under study are imposed by Dade County and this county forms 
the boundaries of the Miami metropolitan area housing market, in stage two I estimate a model 
that is designed to explain changes in metropolitan housing prices over time. The standard model 
used for this purpose takes a stock-flow approach, which assumes that house prices in a 
particular period are determined by current values of the model’s other variables, while the stock 
of housing depends on the historical values of these variables. Following DiPasquale and 
Wheaton (1994; 1996, Chapter 10), I assume that the current demand for owner-occupied 
housing, Dt, is proportional to the number of current households, Ht.

76 This proportion, which 
determines the homeownership rate, is assumed to depend in a linear fashion on the price of 
housing, Pt; the annual cost of purchasing $1 of housing, Ut; the price of renting, Rt; and the 
average income per household, Yt. U is the owner cost of capital and is equal to: 
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where i is the mortgage rate, tp is the effective property tax rate, ty is the marginal income tax 
rate, and E(∆P/P) is the expected rate of future housing price appreciation.77 The variables tp and 
ty are more precisely defined as the average rates expected by the household over the expected 
duration of stay in the home. According to the new view theory of impact fee incidence, impact 
fees lower expected future property tax rates. Hence, tp is functionally related to impact fees. 

Based on the above, the demand for single-family housing units, Dt, can be expressed as: 

( )t4t3t2t10tt YRPUHD α+α+α−α−α= . (4.4) 

In equilibrium Dt = St, where St is the stock of housing. Solving for the price that clears the 

market ( )*
tP  results in this price depending on demand determinants and the ratio of stock to 

households: 

                                                 
74 The alternative to estimating (4.2) for vacant land would be to estimate a hedonic price model analogous to those 
estimated for new and existing housing using the 2001 tax roll. However, this would identify only those properties 
that are vacant as of January 1, 2001. The most recent sale of many of these properties occurred many years ago. 
The use of this sample would therefore over-represent vacant residential parcels that are being held and not 
developed, which may result in selection bias. 
 
75 In the RS models the first quarter of 1990 served as the benchmark period for which T=0. Hence, the index begins 
in April 1990 and runs through December 2000. 
 
76 It may appear that D being proportional to H violates the assumption of a horizontal housing demand curve, but 
changes in H will still cause vertical shifts in demand that will affect price. 
 
77 See footnote 41 in Chapter 2 on the assumption of adaptive expectations rather than rational expectations of future 
house price appreciation. 
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The dependent variables used to estimate (4.5) are the new house price and existing house price 
indexes constructed in Chapter 3. All independent variables are described below as well as in 
Table 4.2, which also provides the mean and standard deviation for each variable. 

To construct the housing stock series I begin with the 1980 Census count of the total 
number of detached single-family units as of April 1980. This number is updated monthly by 
adding to it the number of completions.78 For April 1990 I compared the calculated series with 
the new Census count and then repeated this process for 1990-2000. In order to correct for 
demolitions and abandonment, removal rates were applied so that the calculated stock series 
would meet the Census benchmarks each decade. To construct the slack variable (St/Ht), I also 
needed a monthly series of the number of households. Using census information on household 
size, I first fit a cubic spline to interpolate household size for each month between census years. 
Then, monthly population estimates were divided by these household size estimates to obtain an 
estimate of the number of households.79 

Because I have no data on the marginal income tax rates of Dade County residents and 
am interested in separately estimating the price effect of impact fees, in lieu of including U in the 
estimated models I separately include its component variables: the 30-year conventional 
mortgage rate from the Federal Home Loan Mortgage Corporation; the expected average 
property tax millage rate, and the expected rate of house price appreciation. The average millage 
rate expected by households over the expected duration of stay in the dwelling unit is measured 
by including both the current millage rate and the level of impact fees. 80 To measure expected 
appreciation I assume that price appreciation over the past year is used by consumers to 
determine future price growth.81 

Rt is measured as the housing rent component of the Miami CPI, which is available on a 
monthly basis. To construct a monthly per capita income variable, I first obtained annual per 
capita income for Dade County from the U.S. Bureau of Economic Analysis (BEA) for the years 
1984-2000. Monthly estimates were then interpolated using a cubic spline.82 

                                                 
78 The number of completions per month is based upon monthly project and permit data obtained from F.W. Dodge, 
Inc. Completions are estimated from these data by referring to Census estimates of the length of construction time 
based on the type of project and the dollar size of the project. 
 
79 To obtain monthly population estimates I fit a cubic spline to annual data from Florida Estimates of Population 
(published by the Population Studies Group in the Bureau of Economic and Business Research (BEBR) at the 
University of Florida), and subtracted group quarters (data from BEBR). BEBR produces its population estimates 
using the housing unit method. This method, which is the most commonly used method for making local population 
estimates in the United States, has a proven track record for producing reasonably accurate population estimates. It 
involves using a wide variety of data sources to calculate the number of occupied housing units which is then 
multiplied by the average number of persons per household. 
 
80 The property tax millage rate is a weighted jurisdictional ad valorem rate, where the weight is the percent of total 
county population residing within the jurisdiction. 
 
81 Using an average of price appreciation over the previous two years, as suggested by DiPasquale and Wheaton 
(1996), yielded similar results. 
 
82 Because BEA’s annual per capita income estimate for 2001 (reported for June) was not available at the time I 
estimated the models, per capita income was predicted for each of the last six months of 2000 based upon a 
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An important advantage of the second stage models is that impact fees are included as a 
continuous variable that displayed considerable variation over the years covered by the study. 
The first fee adopted by Dade County was a road fee that was introduced in June 1989. Fire and 
police fees were added in April 1990 and park fees in July 1990. Revisions were made to the 
impact fee ordinances in October 1994 in response to fee amounts deemed too small to fund 
infrastructure construction, and the road, police, fire, and park fees all increased. The school fee 
started in October 1995, and currently represents about half the total fees facing a typical home. 
For the new home with the mean amount of square feet of living area (2072), total fees grew in 
nominal value from $879 in June 1989 to $5,239 in December 2000 (see table 4.3 and Chapter 
1).83 

The advantage of using a continuous fee variable that varies over a long period of time is 
that the variable is less likely to be correlated with unmeasured time-related events that 
themselves may affect housing prices. As discussed in Section III, early studies of the incidence 
of impact fees by Delaney and Smith and Singell and Lillydahl relied upon a single discrete 
change in fees to estimate their price effects. Both studies estimated implausibly large fee effects 
which Yinger (1998b) suggested might be explained by a coincident shock to the housing market 
that was omitted from the models. 

In addition to estimating housing price models based on (4.5), I estimate reduced form 
models for the price of vacant residential land. The value of undeveloped residential land is 
derived from the profitability of new housing construction. The latter will depend on Pt and the 
costs of development. I therefore estimated land price models that include the price-determining 
variables included in (4.2) and, in addition to impact fees, two measures of development costs—
the short-term interest rate and Means Building Construction Cost Index.84 

In both the housing and land price models there are two final estimation issues. First, I 
need to account for changes in the overall price level. To accomplish this, rent, per capita 
income, the short-term interest rate, construction costs, impact fees, and the housing and land 
price indices are all adjusted for inflation using the monthly CPI for Miami.85 Second, the length 
of the time period associated with real estate transactions must be recognized. Sales are reported 
as of the time of closing while purchase agreements are signed generally between 45 and 60 days 
prior to that date. To account for this time interval, all variables are lagged 2 months, with the 
exception of impact fees and the millage rate. The reason for not lagging impact fees is that there 
is a lag between their announcement and their effective date. Hence, market participants should 
know what fees will apply at the time of closing. The millage rate is the previous year’s rate 
because in Florida the current year millage rate is announced toward the end of the year. 

 

                                                                                                                                                             
regression of monthly per capita income on monthly per capita sales tax collections for Dade County. Sales taxes 
explained about 90 percent of the variation in income. 
 
83 All of the fees are per unit fees except the school fee, which has a per unit component and square footage 
component. 
 
84 For the short-term rate, I use the prime loan rate. The construction cost index is the R.S. Means Building 
Construction Cost Index, adjusted for time and using the Miami city index. 
 
85 Following DiPasquale and Wheaton, the owner cost of capital variables (long-term interest rate, the property tax 
rate, and the expected house price appreciation rate) remain in nominal values, because the owner cost of capital 
measures the annual cost of purchasing one dollar of housing. 
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Results 

 
The results for all estimated models are reported in Table 4.4.86 Based upon Durbin-

Watson tests for AR(1) serial correlation, the null hypothesis (Ho: ρ = 0) is rejected in favor of 
the alternative hypothesis (H1: ρ > 0) for the models that use the existing home hedonic price 
index (H_Ex) and the existing home repeat-sales index (RS_Ex) as dependent variables. To 
account for serial correlation, Prais-Winsten models are estimated.87 For the models that use the 
new home hedonic price index (H_New) and the vacant residential land repeat-sales price index 
(RS_Land) as dependent variables the null hypothesis could not be rejected; thus, for these 
models OLS results are reported. Based upon the results obtained with Breusch-Pagan tests, 
heteroskedasticity-robust standard errors are reported for all models. 

The estimated coefficient on the impact fee variable in the H_New equation (column 1) is 
1.64 and it is statistically significant at the one percent level.88 In the H_Ex equation, the 
estimated coefficient on impact fees is 1.68, which is significant at the five-percent level. These 
estimated fee effects (1.64 versus 1.68) are not significantly different from one another and 
neither coefficient is significantly different from one (probability values equal to 0.18 and 0.49, 
respectively). 

Column 3 of Table 4.4 reports the results from estimating the RS_Ex model. The 
estimated coefficient on impact fees is .0000167, which is significant at the five percent level. 
Because the average real price of existing homes in the sample is roughly $100,000, this 
coefficient estimate implies that an additional dollar of real impact fees increases the real price of 
the average existing home by $1.67, which nearly matches the $1.68 result obtained from the 
H_Ex model. 

The estimated price effects of impact fees reported above are consistent with the new 
view but not the old view of impact fee incidence. The new view predicts that impact fees should 
have uniform effects on new and existing housing and allows for the fee-induced increase in the 
price of housing to exceed the amount of the fee. According to the old view, impact fees should 
increase the price of new housing by more than that of existing housing and the former increase 
should be less than the amount of the fee. 

Further support for the new view is provided by relating the estimated price effects to the 
property tax savings caused by the use of impact fees. The magnitudes of the estimated fee 

                                                 
86 The hedonic models have 178 observations (starting March 1, 1986) since the price appreciation variable is 
constructed using price index changes over the past year and is then lagged two months. The RS_Ex model has 115 
observations (starting June 1, 1991) since the index starts in April 1990 and the price appreciation variable is 
constructed using RS_Ex index changes over the past year and is lagged two months. The RS_Land model has more 
observations (128) than the RS_Ex model since the price appreciation variable is constructed using changes in the 
H_New index which begins in 1986, and thus a year’s worth of data is not lost in the construction of the price 
appreciation variable as it is in RS_Ex. 
 
87 Prais-Winsten models were chosen over a first-differences approach since the Prais-Winsten model provides an 
estimate of rho rather than assuming rho equal to one, which is the assumption in first-differencing. The rho values 
obtained in Table 4.4 are significantly less than one. I estimated first-difference versions of the Prais-Winsten 
models for comparison, and the results were quite similar for the RS_Ex model and slightly less similar for the 
H_Ex model. Given that the rho is closer to one in the RS_Ex model, the similarity is unsurprising. 
 
88 Because there is a clear sign hypothesis on impact fees in the housing models, one-tailed tests of significance are 
employed. For the land model the expected sign is ambiguous and therefore a two-tailed test of significance is 
employed. 
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effects indicate that housing prices rise by about $1.60 for each additional dollar of impact fees. 
This effect might seem large, but recall that Dade County experienced rapid in-migration during 
the study period, and thus the expected property tax savings were quite large as the proportion of 
new residents was relatively high. According to the new view, the effect that fees have on 
housing prices should reflect the property tax savings that homeowners expect to realize from 
shifting the costs of new infrastructure away from themselves to developers. To roughly gauge 
whether the estimated fee effects are consistent with expected tax savings I created a data set that 
contained for the years 1985-2000 the ad valorem millage rate (M) measured in dollars per 
$1,000 of assessed value, real impact fees (F, measured at the beginning of each year), and a 
linear time trend (T, 1 to 16). A regression of the millage rate on real fees lagged 1, 2, and 3 
years and on T produced the following results (standard errors in parentheses): 
Mt = 23.6 - .00005Ft-1 - .0003Ft-2 - .00108Ft-3 + .368T 
        (1.38)  (.0004)    (.0004)       (.0004)     (.252) R2 = .58 
These results show that impact fees do reduce the millage rate but the effect obtains statistical 
significance only after a three year lag.89 The above estimated reduction of .0011 in the millage 
rate from a $1.00 increase in fees results in a present value of property tax savings of about $1.20 
for the mean priced house in our sample.90 While the actual property tax savings expected by 
homeowners from the imposition of fees cannot be measured, the results from the above 
regression indicate that the estimated fee effects on housing prices are roughly in line with the 
tax savings that were experienced by homeowners. 

It might be questioned that homebuyers are capable of making the link between the 
imposition of impact fees and lower property tax payments in the future. It may also seem 
implausible that the expected savings in property taxes raise the bids of housing consumers, 
resulting in the capitalization of these savings into property values. However, it is important to 
remember that what matters for property value determination are not the capabilities of most 
people but only those of the marginal bidder. Also, the capitalization suggested by the results is 
consistent with an extensive empirical literature that finds that local public interventions and 
amenities are capitalized into land markets.91 

Among the control variables that enter the housing models, the slack variable (housing 
stock divided by the number of households) and real per capita income are statistically 
significant in all models with the correct signs. The effects of the remaining control variables 

                                                 
89 The lagged effect of F on M can be attributed to the fact that in the first year or so after the fee has been imposed 
or increased many of the new homes sold were permitted before the change in fees became effective. Fees in Dade 
County are paid at the time the permit is issued. 
 
90 These calculations assumed a discount rate of 5 percent and took into consideration Florida’s $25,000 homestead 
exemption, the fact that assessed value equals 85 percent of market value, and the finding that the tax savings are 
delayed. 
 
91 Recent examples of such capitalization can be found in many of the papers presented at the July 2002 Lincoln 
Institute of Land Policy Conference Analysis of Urban Land Markets and the Impact of Land Market Regulation. 
See, in particular, the papers by Gibbons (2002), Shoup (2002), Irwin and Bockstael (2002), and Cheshire and 
Sheppard (2002). 
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vary across models, but in general these variables add little to the explanatory power of the 
models.92 

The results from estimating the vacant land models are presented in the final column of 
Table 4.4. Impact fees are found to reduce land values and the effect is statistically significant at 
the five percent level. The Dade County Property Appraiser 2001 tax roll that I used to estimate 
the H_New and H_Ex price indexes reports both assessed total property value and assessed land 
value for each single-family home. The mean ratio of the latter to the former is .20. Hence, given 
a real home price of $100,000, the implied value of the land is $20,000. The estimated 
coefficient on impact fees in the RS_Land model (-.000047) when multiplied by the average real 
value of impact fees ($1675) implies a reduction in land value of roughly 8 percent, which equals 
$1600 if the lot price originally equaled $20,000. These calculations suggest that land values fall 
by roughly the value of impact fees. 

Based upon the housing model results, developers of new housing appear to be fully 
compensated for the impact fees that they pay by increases in the prices that they can charge for 
new homes. (Recall that the estimated effect of an additional dollar of real impact fees on the 
price of new housing is not significantly different from one.) Hence, there would seem to be no 
reason for fees to be shifted backward to landowners. However, developers’ bids for land are 
based upon the profits they expect to earn sometime in the future when their new homes are 
offered to the market. Considerable time may pass between the purchase of the land and the 
payment of impact fees. As is generally the case, in Florida impact fees are assessed at the time 
building permits are issued. Local land use regulations often add long delays to the development 
process. For example, before building permits can be issued, subdivision permits must be 
obtained, re-zoning of existing parcels from agricultural use may be necessary, and 
environmental impact statements must be filed. Given the steady increase in impact fees within 
Dade County since their inception, developers may expect that because of these regulatory 
delays, as well as the significant time involved in housing construction apart from any 
bureaucratic delays, the fees that will affect them will be higher than those currently in place. 
There may also be considerable uncertainty over the impact these higher fees may have on 
housing prices. My findings suggest that developers’ uncertainty over impact fees may cause 
them to lower the price they are willing to pay for land. 

Among the control variables that enter the RS_Land model, only the slack variable is 
statistically significant (at the five percent level). That this is the only house price determinant 
that matters to land value is not surprising, given the general insignificance of the other variables 
in the housing price models. 

 

Conclusion 

 
The three principal predictions of the new view theory of impact fee incidence are that 1) 

impact fees increase the prices of new and existing homes by the same amount, 2) the increase in 
the price of housing equals the present value of the property tax savings expected by 
homeowners from the shift from property tax finance to the use of impact fees to pay for new 

                                                 
92 The weak performance of the housing rent index and the millage rate as control variables is not surprising given 
the limited variation in these variables over the years covered by the data. The coefficient of variation of the rent 
index is 2 while that of the millage rate is 4. In contrast, the coefficient of variation of impact fees is 78. 
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public capital services, and 3) undeveloped land values decline if the increase in the price of 
housing is insufficient to guarantee developers of new housing a competitive rate of return. The 
results presented in this chapter for Dade County, Florida are consistent with these predictions. 
First, I find that the difference in the effect of an additional dollar of real impact fees between 
new and existing housing is small and statistically insignificant. Second, although I am unable to 
measure the property tax savings that are expected by homeowners from the imposition of fees, I 
do find that higher fees reduce millage rates and the present value of the associated property tax 
savings are in line with the estimated effects of fees on housing prices. Finally, impact fees are 
found to reduce land values. While the increase in housing prices is found to cover the current 
level of fees, developers purchasing land in the present have no assurance that rising housing 
prices will cover future fees, especially given the unpredictable upward trend in total fees over 
time. Hence, impact fees that are arbitrarily imposed or increased add additional uncertainty to 
the development process, which I conjecture cause developers to reduce the amount they are 
willing to pay for land. 

At the outset of this chapter I motivated the analysis of the incidence of impact fees by 
noting that they have been both criticized and praised in recent policy discussions. They have 
been criticized for reducing the affordability of homeownership. It is frequently argued that since 
most fees are flat amounts levied on a per unit basis, they cause larger percentage increases in the 
prices of starter homes than more expensive homes. However, this conclusion is based on the old 
view prediction that impact fees are partially borne by buyers of new homes. Under the new 
view, impact fees are not shifted forward to new homebuyers. Since my results are consistent 
with only the new view theory, they provide no support for the argument that impact fees reduce 
homeownership affordability. 

Impact fees have also been praised as an effective anti-sprawl policy. My results suggest 
that the rate at which agricultural land is converted to residential use is slowed by impact fees. 
By reducing the price of vacant residential land, impact fees lower the opportunity cost of 
continuing to use land for agricultural purposes, causing land to be held for a longer period in 
agricultural use. Some support can therefore be found in the results for the idea that at least the 
rate of suburban sprawl is slowed by impact fees. 

In other settings, impact fees may have quite different consequences than those reported 
here. Everything depends on the savings homeowners expect in property taxes, which will 
depend on the mix of new and original residents. In places that are not growing as fast as Miami, 
the savings in property taxes by the individual homeowner will be smaller, resulting in the 
possibility that fees will increase housing prices by less and reduce land values by more than I 
observed for Dade County, Florida. It is, therefore, important to empirically investigate the price 
effects of impact fees for other areas to verify the support found here for the new view theory of 
fee incidence. 
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Table 4.1: Previous Literature on Effects of Impact Fees on House and Land Prices 
Article Sample Impact Fee Effects 

Delaney & Smith (1989a) Dunedin, FL 
Fee3

Fee

PNew ×>
∂
∂

 

Delaney & Smith (1989b) Dunedin & Clearwater, FL 
Fee

P

P
2

PFee

P

Fee

ExsNew >
∂
∂

×>
∂
∂

 

Singell & Lillydahl (1990) Loveland, CO 
Fee6

Fee

P
,Fee3

Fee

P ExsNew ×>
∂
∂

×>
∂
∂

 

Nelson, et al. (1992) Loveland, CO 

 

Sarasota Co., FL 

insignif
Fee

PLand

∂
∂

 

0
Fee

PLand >
∂

∂
 

Skaburskis & Qadeer (1992) Toronto 
Fee2.1

Fee

PLand ×=
∂

∂
 

Dresch & Sheffrin (1997) W. Contra Costa Co., CA 

 

E. Contra Costa Co., CA 

insignif
Fee

P
,Fee88.1

Fee

P ExsNew

∂
∂

×=
∂
∂

 

Fee23.
Fee

P
,Fee25.

Fee

P ExsNew ×=
∂
∂

×=
∂
∂

Baden & Coursey (2002) Chicago 
Fee

Fee

P Exs&New ≈
∂

∂
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Table 4.2: Means, Standard Deviations, and Descriptions for Selected Variables 
Variablea Mean 

 (Stan. Dev.) 

Description Source 

construction cost indexb 0.6603598 
(0.0415263) 

(National index) x 
(City index /100) 

R.S. Means 

short-term interest rate 5.277133 
(1.37439) 

Prime loan rate Federal Reserve 

slack, S/H 
0.5409327 
(0.012593) 

Housing stock as a 
percentage of 
households 

BEBR, University of 
Florida 

rent 94.47952 
(1.967138) 

Rent of primary 
residence 

CPI, Miami-Ft. 
Lauderdale 

per capita income 
14,352.74 
(509.3557) 

Annual per capita 
personal income 

U. S. Bureau of 
Economic Analysis 

long-term interest rate 
8.933387 
(1.54706) 

30 year average 
mortgage contract 

rate 

Federal Home Loan 
Mortgage 

Corporation 

millage rate 0.0251466 
(0.0010776) 

Population-weighted 
county millage rate 

Dade County 
Property Appraiser 

expected house price appreciation: 
E(Exs Hedonic) 

0.0601302 
(0.0647184) 

expected house price appreciation: 
E(New Hedonic) 

0.0448383 
(0.062301) 

Percent change in 
price index over the 

previous year 

expected house price appreciation: 
E(RS90-Ex) 

0.0455038 
(0.0525498) 

Difference in the 
price index over the 

previous year 

1st stage models 

total impact fees-newc 1674.791 
(1305.272) 

total impact fees-exs 1643.944 
(1267.35) 

Sum of fees for road, 
fire, police, parks, 

and schools 

Dade County 
Planning and Zoning 

Dept. 

 

                                                 
a All variables are in real terms except the long-term interest rate, the millage rate, and the price appreciation 
variables, which are nominal. 
 
b All variables are lagged two months except for total impact fees, which is current, and the millage rate, which is 
lagged one year. 
 
c In calculating the total impact fees, two variables are created. Dade county school impact fees depend on square 
footage of the house, so I used mean square footage for new (2072) and existing (1908). I then applied the total fees 
using the average existing home to the existing models, and the total fees using the average new home to the new 
and land models. 
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Table 4.3: Nominal Impact Fee Totals for Dade County 

Dates Total Fees
a 

January 1985 – May 1989 $0 

June 1989 – March 1990 $879 

April 1990 – June 1990 $1141 

July 1990 – June 1991 $1657 

July 1991 – December 1992 $2174 

January 1993 – September 1994 $2690 

October 1994 – February 1995 $2330 

March 1995 – September 1995 $2725 

October 1995 – December 2000 $5239 

 

                                                 
a Fees are based on a new single-family home of average size (2072 square feet). 
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Table 4.4: Regression Results on House and Land Price Indicesa 

 Hedonic Models Repeat Sales Models 

 H_New H_Ex RS_Ex RS_Land 
slack, S/Hb -227445.7*** 

(39661.34)c 
 

-378891*** 
(92231.01) 

-2.779797*** 
(.9700136) 

-7.633373** 
(3.29907) 

rent index 3.045224 
(159.9745) 

 

-127.9393 
(252.111) 

-0.0012778 
(0.0084769) 

0.0108138 
(0.010054) 

per capita income 3.671029*** 
(0.7314755) 

 

4.938763*** 
(1.471168) 

0.0000148** 
(8.59e-06) 

0.0000228 
(0.0000325) 

long-term interest 
rate 

1173.712*** 
(355.5903) 

 

141.0492 
(764.0517) 

0.0058517 
(0.0080215) 

0.0111474 
(0.0185877) 

millage rate 559360.5 
(525459.3) 

 

1878455** 
(1011416) 

-39.90678** 
(21.40147) 

9.245199 
(43.05875) 

expected house price 
appreciation 

4004.218 
(5983.196) 

 

-6094.796 
(4626.109) 

0.0546225 
(0.1328163) 

0.0431968 
(0.1674872) 

construction cost 
index 

   2.634197 
(2.52837) 

 
short-term interest 
rate 

   -0.0230376 
(0.0165988) 

 
total impact fees 1.640752*** 

(0.4724002) 
 

1.680903** 
(0.981412) 

0.0000167** 
(8.23e-06) 

-0.0000466** 
(0.0000236) 

constant 138630.2*** 
(29529.56) 

 

177732.9*** 
(68427.75) 

2.351436*** 
(0.7016796) 

1.035336 
(1.493693) 

R2 0.6730 
 

0.5719 0.3422 0.1849 

N 178 
 

178 115 128 

* significant in one-tailed test at 10% (two-tailed test for RS_Land) 
** significant in one-tailed test at 5% (two-tailed test for RS_Land) 
*** significant in one-tailed test at 1% (two-tailed test for RS_Land) 
 

                                                 
a The H_New and RS_Land models are OLS regressions, and the H_Ex and RS_Ex models are Prais-Winsten (AR1) 
regressions (rho = .716 and .798, respectively). 
 
b All variables are lagged two months except for total impact fees, which is current, and the millage rate, which is 
lagged one year. 
 
c Robust standard errors in parentheses. 
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CHAPTER 5 

ESTIMATING THE EFFECTS OF DEVELOPMENT IMPACT FEES 

ON THE CONSTRUCTION OF SINGLE-FAMILY HOMES 

 
 
 
 

Introduction 

 

Many communities that have experienced rapid growth in population and economic 
development have experimented with various revenue mechanisms to fund public service 
infrastructure. The demand for road, park, and school construction as well as fire and police 
services in new residential and commercial developments have placed strains on local 
government budgets, and voter discontent with tax increases has left public finance officials 
searching for new sources of funds. One tool frequently used in such communities has been 
development impact fees: one-time levies paid for by developers as a condition of receiving 
building permits. Despite the general objections of developers, impact fees have been politically 
popular in many expanding jurisdictions and their use has spread over the past thirty years. 

A growing literature has examined the effects of impact fees on various economic 
variables, primarily on housing prices. The majority of articles theoretically predict and 
empirically demonstrate a direct relationship between house prices and impact fees. There is a 
significant disparity as to the magnitude of these house price effects, however. Underlying these 
differences, perhaps, is theoretical inconsistency whereby impact fee studies can be divided into 
an “old view” and “new view” theory of fee incidence. The old view generally treats impact fees 
as an excise tax on developers, while the new view recognizes effects from newly-constructed 
public services and property tax capitalization associated with impact fees.93 Essentially, the new 
view predicts that the primary impact fee effect should be an equal benefit to new and existing 
housing equal to the value of the future foregone property taxes, with a corresponding drop in the 
price of vacant land to compensate for any shortfall of the property tax capitalization below the 
impact fee amount. 

Assuming a competitive development industry, the set of papers with effects on house 
prices exceeding the impact fee amount indicates that land prices rise in jurisdictions utilizing 
impact fees. In those papers where the impact fee is larger than its effect on house prices, land 
prices are assumed to have fallen. After house and land price effects have been estimated, it 
remains to inquire as to the effects of impact fees on the rate of residential construction. This 
chapter will extend earlier “new view” analyses of the effects of impact fees on housing and land 
prices in Dade County, Florida from 1985 through 2000 by estimating the effect of impact fees 
on single-family home construction. Chapter 4 found that impact fees, consistent with the new 

                                                 
93 Much of the theoretical foundation of the new view theory is provided in Yinger (1998b). 
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view theory, were associated with an increase in the price of new and existing housing by 
slightly more than the fee, and with a decrease in the price of vacant land by the amount of the 
fee. This decrease was suggested to be caused by developer uncertainty over whether the future 
impact fees to be paid at the time of development would differ from the fees in effect at the time 
of the land sale. This chapter will analyze whether this developer uncertainty affects the rate of 
residential home construction.94 

The following section discusses earlier literature on the effects of impact fees on 
residential construction, vacant land, and house prices. Section three discusses articles outlining 
residential construction in the stock-flow metropolitan housing market model and price-change 
urban growth model, and adapts them to include impact fees. Section four describes the data 
used for this analysis, and section five presents results. Concluding remarks appear in section six. 

 

Previous Literature 

 
While there is a considerable literature on impact fees, there are only two that directly 

attempt to measure their effects on new housing development, Skidmore and Peddle (1998) and 
Mayer and Somerville (2000b). The study by Skidmore and Peddle (1998) attempts to assess the 
effects of impact fees on residential construction. They use annual data from municipalities 
within DuPage County, Illinois from 1977 to 1992, which was the fastest growing Illinois county 
at the time and in which ten of the twenty-nine municipalities used impact fees during the sample 
period. Though they do not provide complete information on each municipality’s impact fee 
amounts, the authors do note that the fee in the municipality of Carol Stream for a four-bedroom 
home in 1992 was $3,708, about $1,500 more than Dade County’s nominal fee at the time. 
However, due to data limitations and other issues, the authors were restricted to using a dummy 
variable to indicate whether a municipality used impact fees in a particular year instead of a 
broader, continuous measure of fee amounts. Residential development is estimated as a function 
of municipal characteristics (per household municipal revenues, property and sales tax revenues, 
and average assessed value of property), of whether the municipality used impact fees, and 
dummy variables for year and municipality-specific effects (to capture construction costs, 
income, and interest rates). 

Their results show that the presence of impact fees retard residential development by 
about 30 percent. The average growth rate in the county was about 4.3 percent, indicating that 
the growth rate in the “typical” impact-fee imposing county would only be about 3 percent. 
Noting that the use of impact fees as a revenue source could relieve pressure on the use of 
property taxes which would encourage construction, they find that impact fees somewhat reduce 
property taxes, yielding a net impact fee reduction in residential construction of about 25 percent. 
Their results tend to support the theoretical hypothesis of negative effects of impact fees on 
construction in Dade County. 

                                                 
94 As I hypothesize that impact fees reduce residential construction through reducing vacant land prices, the 
argument can be made that lower residential construction reduces housing supply which would increase house prices 
and, assuming a competitive construction industry, increase vacant land prices. However, with the assumption of a 
horizontal housing demand curve, a drop in residential construction will leave house prices, and thus land prices, 
unchanged. Households would be unwilling to accept a rise in house prices due to reduced supply because of 
available substitutes in other jurisdictions. Therefore, a change in land price that occurs with changes in impact fees 
is not going to reflect supply-induced house price changes. 
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A few problems present themselves in Skidmore and Peddle’s analysis. Primarily, in 
estimating the effects of impact fees on time-series real estate data, it is preferable to use a 
continuous measure of fee amounts over a simple dummy variable. The deficiency is pronounced 
in Skidmore and Peddle’s data since, although ten of the twenty-nine municipalities used impact 
fees, Darien and Westmont both adopted them in 1988, leaving only three years’ worth of 
observations for those communities. Further, Winfield is listed as adopting fees in 1987 and 
Wayne in 1989, but the authors note that data is unavailable for those municipalities. Thus, they 
are left with six municipalities of the twenty-nine that had impact fee history beyond 3 years. 
The municipality of Naperville, which adopted fees in 1972, is quite significant in their data, 
averaging 1396 new homes built yearly while the other municipalities averaged around 170 new 
homes per year. Further, a more fully specified model would have included direct measures of 
construction costs, interest and mortgage rates, and locational, demographic, and geographic 
characteristics instead of the year and municipality dummy variables that were used. 

Mayer and Somerville (2000b) address a number of different land use controls and their 
effect on new housing construction using a price-change model described in their earlier paper 
(2000a), and that will be adapted for the empirical analysis of Dade County to follow. The price-
change model recognizes that new construction represents changes to the housing stock, and that 
the determinants affecting it should be changes in relevant variables rather than the levels of 
those variables. Further details of the price change model are presented in the Methodology 
section. 

The land use regulations analyzed consist of two types: those that impose explicit costs 
on developers, such as impact fees, and those that lengthen the development process. In a city 
with depreciation, the authors argue that impact fees will lead to fewer steady-state housing 
starts, and will also lead to households living in existing units longer or renovating existing units 
rather than building new units. To test the hypotheses, they use national quarterly data from 1985 
to 1996 for 44 MSAs. They regress housing starts or number of new single-family building 
permits on changes in the real prime rate, the Office of Federal Housing Enterprise Oversight 
repeat-sales price index (which measures price changes holding location constant), and a number 
of land use regulation variables, including a dummy variable indicating whether the MSA uses 
impact fees. As discussed previously, a continuous impact fee variable is preferable in 
determining the effect of impact fees on construction, but this data was likely unavailable to the 
authors who relied on a survey sent to local planners in the MSAs for the regulatory 
information.95 

Their results generally show that regulatory controls reduce construction by as much as 
45%, and reduce price elasticity as well since the delays impede developers’ responsiveness to 
price shocks. They use a GLS model that allows for AR1 serial correlation and city-specific 
variance to determine the effect of impact fees on construction, and find a negative but 
insignificant coefficient. They note that the effect attributable to fees is smaller than a 2-month 
construction delay despite the fact that the time cost of the 2 months is usually smaller than the 
fee amount in most cities. But they explain the finding by suggesting that regulatory delays 
create more uncertainty than do impact fees. Results from the empirical models in Dade County 
will suggest, however, that impact fee systems can create problems of uncertainty for developers 
as well. 

                                                 
95 In footnote 20, the authors suggest against using a continuous fee amount variable since the fee amounts in the 
Wharton dataset appear low, less than $1500 in MSAs thought to have high fees. They attribute the low fee amounts 
to the inclusion of communities within MSAs that assess no fees. 



 58

While not addressing impact fee effects on new housing construction, two papers have 
estimated their effects on land values: Nelson, et al. (1992) and Skaburskis and Qadeer (1992). 
Both studies generally find that impact fees are associated with a rise in land prices. The 
implication is that impact fees, through lowering the cost of development, would be associated 
with more residential construction. Both studies, though, are subject to methodological criticism 
and are somewhat inconsistent with the new view theory of impact fee incidence. 

While there is a larger body of literature estimating impact fee effects on new and 
existing house prices,96 the articles discussed above represent the most relevant empirical work 
on the effects of impact fees on residential construction. The studies generally support the notion 
that impact fees delay or increase the costs of development, though each study has drawbacks 
and none test a full theoretical model of impact fee effects on new and existing house prices, land 
prices, and rates of residential construction to determine empirical consistency in all three 
markets for a single housing market. The aim of this and earlier chapters is to complete this 
exercise using data from Dade County, Florida. Chapter 4 lent empirical support to the new view 
theory of impact fee incidence by demonstrating an increase in house prices proportional to 
expected future property tax savings, and by associating a drop in land prices with developer 
uncertainty over future impact fee amounts. The developer uncertainty which arguably led to 
lower land price bids should also be closely connected with decisions on residential construction, 
so the Chapter 4 results motivate this chapter’s empirical attempt to estimate the response of 
housing construction to changing impact fee amounts. 

 

Methodology 

 
The estimation of impact fee effects on residential construction follows empirical 

analysis of the effects of fees on both new and existing house prices and land prices. Chapter 4, 
using the 1985-2000 sample for Dade County, Florida, utilized variants of the stock-flow model, 
a model of metropolitan-area housing markets described in detail in DiPasquale and Wheaton 
(1994, 1996). The analysis, which yielded similar positive impact fee effects on new and existing 
house prices, and negative and proportional fee effects on land prices, progressed in two stages. 
In the first stage, a set of constant-quality price indices were constructed for new and existing 
single-family homes and vacant residential land using hedonic and repeat-sales regressions from 
data on Dade County property sales from the Property Appraiser 2001 tax roll and Florida 
Department of Revenue. 

The hedonic model expressed the price of the home as a function of structural 
characteristics of the home and property, neighborhood and demographic characteristics, 
locational characteristics including distances of the property to eight different employment 
centers in the county, municipal dummy variables, and a time trend. The hedonic model provided 
one set of indices for new and existing house prices. The repeat-sales model expressed the ratio 
of the most recent to the second most recent sale price of the property to a dummy variable 
indicating time of sale, the estimated coefficient of which establishes the price index.97 The 

                                                 
96 Yinger (1998a,b), Huffman, et al. (1988), Singell and Lillydahl (1990), Delaney and Smith (1989a, b), Dresch and 
Sheffrin (1997), and Baden and Coursey (2002). 
 
97 The observations used were those parcels whose most recent sale occurred between 1994 and 2000, the years for 
which Department of Revenue tax files were available, and whose prior sale occurred after 1989. Thus, the sample 
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repeat-sales model provided a set of indices for existing house prices and vacant residential land 
prices. 

Utilizing the results from the first stage, the second stage follows the stock-flow model to 
examine determinants of the different price indices. Given that Dade County consists of the 
Miami metropolitan area and arguably fully represents the Miami housing market, the stock-flow 
model is appropriate. The model generally assumes that house prices in a particular period are 
determined by current values of the model’s other variables, while the stock of housing depends 
on the historical values of these variables. Demand for housing is proportional to the number of 
households, which itself depends on the price of housing, the owner or user cost of capital, the 
price of renting, and the average income per household. In equilibrium, housing demand equals 
supply, and the price of housing can be expressed as a function of the tightness of the housing 
market (expressed as the ratio of housing stock to number of households), the user cost of 
capital, the rental price, and per household income. Using the constructed price indices, the 
stock-flow model was estimated using data from the Census, F.W. Dodge Inc., R.S. Means 
Building Construction Cost Index, the Bureau of Economic and Business Research at the 
University of Florida, and the Bureau of Economic Analysis. 

The new view theory of impact fee incidence suggests that, given that the use of fees 
signals a reduced reliance on property tax revenues in the future, the primary effect should be an 
equal capitalization of the impact fee on both new and existing house prices. The results from the 
second stage stock-flow estimation roughly corroborated this prediction: in the hedonic models, 
the estimated effects of an additional dollar of impact fees for new and existing houses was $1.64 
and $1.68, respectively, which were not significantly different from each other and not 
significantly different from one. The result for existing houses using the repeat-sales approach 
yielded an estimated fee effect of $1.67, similar to the $1.68 hedonic result. Estimation of impact 
fee effects on the ad valorem millage rate indicate that an additional dollar of impact fees lowers 
property taxes by $1.20, indicating that the estimated fee effects on housing prices are roughly in 
line with the tax savings that were experienced by homeowners. 

The results from the estimation of the repeat-sales land index in Chapter 4 yielded a 
reduction in land prices roughly proportional with the value of the impact fee. If developers were 
fully compensated for paying the impact fee by receiving a proportionally higher sale price of 
homes, the rationale for why land prices should fall is not immediately clear. However, land 
price bids are contingent on developers’ expectations of profits after the (perhaps much later) 
sale of the developed property and home. Since impact fees must be paid to receive building 
permits, developers assume a degree of risk in making a land bid without a guarantee that the 
future fee paid will stay the same, and in initially bearing the burden of the impact fee without a 
guarantee of a favorable home price in the future. Aside from this, developers also are subject to 
long delays from local governments in preparing the property or area for development.98 At the 
time, Dade County was a forerunner in the use of impact fees, and during the sample period the 
fee amount to be paid by developers of single-family homes changed relatively frequently. It 
comes as no surprise, then, that developers during this period were concerned that, due to 

                                                                                                                                                             
period for the stock-flow model contains data for the period 1990-2000. The price change regressions use the full 
sample less the time periods required for lag construction. 
 
98 Including conducting and preparing environmental impact statements, rezoning parcels from agricultural to 
residential use, and approving and permitting subdivision plans. Developments in Florida counties are subject to 
significant state and municipal scrutiny as a result of comprehensive plans and the Florida Growth Management Act. 
See chapter 1. 
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regulatory delays, the impact fees assessed might likely be higher than those in existence at the 
time of the land sale, and I conjecture accordingly lowered their bid price for land as insurance 
against this uncertainty. 

This latter result from the previous chapter on the negative effects of impact fees on the 
price of undeveloped residential land in Dade County, Florida from 1985 through 2000 motivate 
this chapter as to the effects of impact fees on residential construction. Two approaches are taken 
in estimating the relevant predictors of the number of single-family homes constructed: first, the 
stock-flow model described in DiPasquale and Wheaton and that underlies the second-stage 
estimation also suggests an approach to estimating construction that will be adapted to 
incorporate impact fees. The second approach uses a model from urban growth theory to 
estimate housing supply as a function of changes in house prices and changes in other relevant 
variables. This price-change model is described in detail in Mayer and Somerville (2000a). 

 

Empirical Model 

 
In the stock-flow model of DiPasquale and Wheaton (1994), single-family housing starts 

(Ct) are explained as a function of current house prices (Pt), the existing stock of housing (St-1), 
the real cost of short-term construction financing (TREALt), cost indices for construction 
(COSTt) and land (FARMt), the current change in employment (DEMPt), and the number of 
months on the market for new homes recently sold (SALEt-1). For the present study, starts in 
period t (sfh_starts) are explained as a function of the current period’s new housing price index 
constructed from the hedonic model (H_New), the stock of housing existing at time t (S_lag), the 
prime loan rate as a short-term interest rate (short_i), a city- and time-specific index for Dade 
County from the R.S. Means Construction Cost Index (city_const), the current period’s land 
price index constructed from the repeat-sales model (RS_Land), and the real value of impact fees 
assessed on new homes in time t (realfees).99 A separate model includes the above and a change 
in employment variable (chng_employ), which improved the fit in DiPasquale and Wheaton 
(1994) significantly. 

The price change model presents a different theoretical approach to estimating residential 
construction. As described in Mayer and Somerville (2000a,b), urban growth theory identifies 
housing starts as a flow variable defined in proportion to a stock variable, the existing quantity of 
available housing. At an initial housing market equilibrium, house prices are constant and prices 
at the urban fringe are equal to the value of agricultural land plus the construction and 
development cost of converting the land to residential use. In this scenario, housing starts are 
zero. A one-time shock to housing demand, e.g. a population influx, increases land and house 
prices, new construction occurs, and the urban fringe/city boundary expands outward until, 
again, the price of housing at the fringe equals the earlier conversion price. The fringe price has 
not changed, but the fringe is geographically further away from the city center to accommodate 
the new population. In this situation, new housing construction occurred only as the city 
transitioned from one equilibrium to another, which was signaled by the price increase. Knowing 
that house prices are at high or low levels does not necessarily indicate that construction will 

                                                 
99 Regressions that use the repeat-sales index for vacant residential land are run on a restricted sample that begins in 
1990 instead of 1985. Including parcels where the time between the most recent and last prior sale is quite large 
possibly indicates an important but unmeasurable characteristic about the parcel that makes it undesirable. 
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commence; indeed, if in equilibrium, we expect no new starts. Starts will arise only in 
conjunction with changes in the levels of house prices and other variables. 

Mayer and Somerville (2000a) begin by describing starts as a function of current and 
lagged changes in house prices, real interest rates, and construction costs. In empirically 
estimating their model, they explain starts as a function of current and lagged house prices, 
current and lagged change in the real prime rate, the existing housing stock, median number of 
months a new home is on the market until sold, the change in real building material cost index, 
and a time trend. They instrument current changes in real house prices and changes in building 
costs using current and lagged values of changes in nonconstruction employment, real energy 
prices, mortgage rates, and the number of married couples for house prices and lagged changes 
in building costs. 

For the present study, housing starts is described as a function of current and lagged 
house price changes, current construction cost change, current and lagged change in the prime 
rate, the stock of existing housing, quarterly dummies, a time trend, and the real value of impact 
fees assessed on new homes. Instruments for house price change are current and lagged change 
in employment, the energy component of the consumer price index, the 30 year mortgage rate, 
the number of households, and the city- and time-adjusted construction cost index. 

 
Data 

 
Table 5.1 provides the means and standard deviations for selected variables from the 

monthly data. H_New and RS_Land are the hedonic new house price index and repeat-sales 
vacant land price index, respectively, that were constructed in Chapter 3 from individual parcel 
sales data from the Dade County Property Appraiser and State of Florida Department of 
Revenue. Housing data, including starts and the existing stock, were provided by F. W. Dodge, 
Inc., while data on changes in the number of households were provided by the Bureau of 
Economic and Business Research at the University of Florida. Changes in total nonagricultural 
employment for Miami-Hialeah and the CPI-energy component were provided by the Bureau of 
Labor Statistics. The relevant variables were corrected for inflation using the Miami-Ft. 
Lauderdale Consumer Price Index. 

Impact fee data were provided by the Miami-Dade Impact Fee Section of the Department 
of Planning and Zoning. The sample starts in 1985 before the first impact fee, an $879 road fee, 
was instituted in December 1988 and became effective in June 1989. There were eight changes 
in effective impact fee amounts over the sample period as more fees were added or increased for 
roads, fire, police, parks, and schools. The road, police, fire, and park fees are all per-unit fees 
that vary somewhat according to the location of the property within the county. The school fee 
has a flat fee component and a square footage component that is consistent throughout the 
county.100 The impact fee amount for a given month is therefore the sum of the effective per-unit 
fees and the square footage fee using the mean square footage for new homes. In real terms, the 
December 2000 impact fee amount for the mean single-family new home was $3503. 

 

Results 

 

                                                 
100 In Florida, school districts and counties share the same geographic boundaries. 
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Table 5.2 presents results on explaining housing starts using the stock-flow model.101 
Cook-Weisberg tests suggested reporting heteroskedasticity-robust standard errors for models 1 
and 2, while Durbin-Watson tests failed to reveal serial correlation, so OLS results are 
reported.102 Model 1 is the basic stock-flow model, while model 2 includes the change in total 
employment, an addition that increased the explanatory power in DiPasquale and Wheaton’s 
(1994) estimation quite significantly. It does so here to a lesser extent, though the coefficient has 
an unexpected negative sign.103 Model 3 includes quarterly dummies and a time trend, which 
increases the explanatory power over model 2. 

The new house price coefficient has the correct sign in models 1 and 2 but is insignificant 
at 10% in a one-tailed test, while the land price coefficient has an unexpected positive 
coefficient. The coefficient on the short-term interest rate is insignificant but with expected sign 
in model 3. The coefficients for the construction cost index and the existing housing stock have 
expected negative signs and are generally significant. The quarterly dummies appear to confirm 
seasonality in housing construction, with lower starts expected in the last quarter of the year, 
while the time trend reflects the growth of the county. Of interest here are the expected negative 
and significant coefficients for the impact fee variable across all three stock-flow models. An 
additional $100 of impact fees reduces the number of starts by about 8 per month. The 
imposition of the mean real impact fee amount for the sample ($1,674.79) results in about 130 
fewer homes built per month, or about 348 starts rather than the mean 477 number of starts per 
month. In terms of elasticities, a one percent increase in impact fees results in a 0.44 percent 
reduction in new housing starts each month. 

A problem with estimating an OLS model as in Table 5.2 is the simultaneity between 
both the new house price index and vacant land index and the real amount of impact fees, since a 
relationship was determined to exist in Chapter 4. Therefore, a two-stage least squares model 
was run instrumenting H_New and RS_Land using as instruments the explanatory variables 
(except impact fees) from Table 4.4. These were, for H_New, the two month-lagged values of 
slack (S/H), the rent CPI, per capita income in Dade County, the long-term interest rate (30-year 
average mortgage contract rate), and expected house price appreciation, as well as the one year-
lagged millage rate. Instruments for RS_Land include those variables above as well as the two 
month-lagged values of the construction cost index and the short-term interest rate (prime loan 
rate). The instruments chosen for both H_New and RS_Land were deemed appropriate after 
passing a joint F-test. The results for the two-stage least squares version of the stock-flow model 
are in Table 5.3. 

While more theoretically sound, the results are less convincing than in Table 5.2. Most of 
the variables maintain expected signs, though only the construction cost index retains statistical 
significance. The models have less explanatory power than their counterparts in Table 5.2. In 
models 4 and 5, the coefficient on impact fees increases slightly, implying that an additional 
$100 of impact fees reduces the number of starts by almost 10 per month. The imposition of the 
mean real impact fee amount for the sample results in about 160 fewer homes built per month, or 
about 317 starts rather than the mean 477 number of starts per month. In model 6, the coefficient 

                                                 
101 The stock-flow models use a smaller, more recent sample given that the repeat-sales land index was constructed 
beginning in 1990. See note 97. 
 
102 As in Chapter 4, there is the possibility that using a first-differences model is preferred to using levels. A Dickey-
Fuller test on sfh_starts, however, rejected the null hypothesis of a unit root, and so OLS models were used. 
 
103 One-tailed tests of significance are used since there are clear theoretical sign expectations. 
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on impact fees is about half the value of its counterpart in model 3, implying that an additional 
$100 of impact fees reduces the number of starts by about 3 per month. This results in about 57 
fewer homes built per month, or about 420 starts rather than the mean 477 per month. 

Table 5.4 presents results on explaining housing starts using the price change model.104 
Because of the possible endogeneity between housing starts and current house prices and 
construction costs, results are reported using two-stage least squares. Model 7 uses the level of 
real impact fees as an explanatory variable, while model 8 includes the change in real impact 
fees. Experiments on lag lengths for the new house price index, the short-term interest rate, the 
change in impact fees, and the instruments that compared Schwarz information criteria suggested 
optimal lag lengths as reported in the table. Again, joint F-tests on chng_H_New and on 
chng_city_const support the use of the instruments described. Durbin-Watson tests fail to reveal 
serial correlation in either model. The explanatory power of the price change models is 
somewhat improved over the stock-flow models in Tables 5.2 and 5.3. 

The coefficients for current change in new housing prices have unexpected signs, though 
the coefficients for the one-month lag maintains the expected positive signs. The coefficients for 
changes in the short-term interest rate generally display the expected negative sign in both 
models. The negative coefficients for the existing housing stock are again significant in a one-
tailed test, and the negative coefficients for the instrumented change in construction costs are 
again negative and significant. The quarterly dummies and time trend yield similar results as in 
the stock-flow models. The coefficients for the real impact fees are negative as expected, except 
for the current change in fees in model 8. The long-run propensity (LRP) of real impact fees for 
model 8 is -0.44718, implying that a hundred dollar positive change in impact fees eventually 
results in about 45 fewer housing starts after six months. Using the less-theoretically consistent 
level of real impact fees yields a highly significant negative coefficient, and a model with better 
explanatory power. In terms of elasticities, the effect is somewhat larger than in the stock-flow 
models; a one percent increase in real impact fees results in a 0.55 percent reduction in housing 
starts each month. Using current and lagged changes in real impact fees as explanatory variables 
results in generally expected negative coefficients and significant for fees in effect three and four 
months prior to the current period. The elasticities for impact fees in these months are about 
0.005. 

 
Conclusion 

 
Expanding on earlier research in Miami-Dade County that demonstrated positive effects 

on housing prices and negative effects on the price of vacant residential land from impact fees, 
this chapter investigated the effects of impact fees on the rate of new housing construction. The 
hypothesis was that the negative effect on vacant land should depress housing starts. Two 
primary theoretical models of predicting housing construction were used: the stock-flow model 
advanced in DiPasquale and Wheaton (1994, 1996) and the price-change model suggested in 
Mayer and Somerville (2000a). Variations on these primary models were also estimated. 

The results across all estimated models generally confirm the hypothesis that the 
imposition of development impact fees, through depressing the price of vacant residential land, 
reduces the rate of new housing construction. These results generally are consistent with the 
earlier empirical chapter estimating impact fee effects on housing and land prices, and with the 

                                                 
104 The price-change models use the larger sample since they do not incorporate the post-1989 repeat-sales land 
index. 
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theoretical “new view” theory of impact fee incidence. As suggested in the earlier chapters, Dade 
County is perhaps somewhat unique compared to other housing markets in the country given its 
rapid growth in recent decades. However, the County’s dependence upon development impact 
fees in reaction to its growth is arguably a model that will be repeated in other communities that 
struggle with appropriate and politically viable public finance mechanisms. Support for the 
present results showing a negative effect on new housing construction from impact fees would be 
bolstered by examining the experiences of other communities. 
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Table 5.1: Means, Standard Deviations, and Descriptions for Selected Variables 
Variable Mean Stan. Dev Description Source 

sfh_starts 477.74 197.77 
Single-family housing 

permits 
F. W. Dodge, Inc. 

 H_New    

Level 95633.05 6018.72  

Change 105.26 5078.85 

New house price index 

 

short_i   

Level 5.277 1.374 

Change 0.0038 0.3705 

Prime loan rate Federal Reserve 

 RS_Land 0.20102 0.15839 Land price index  

city_const   

Level 0.66036 0.04153 

Change -0.00054 0.00219 

construction cost index, 
(National index) x (City 

index /100) 
R.S. Means 

S_lag 384382.5 15130.53 Existing housing stock F.W. Dodge, Inc. 

chng_employ 1358.639 9909.088 Change in employment 
Bureau of Labor 

Statistics 

chng_cpi_energy 0.00103 0.01724 
Change in energy 
component of CPI 

Bureau of Labor 
Statistics 

chng_household 667.298 433.527 
Change in number of 

households 
BEBR, Univ. of FL 

mortgage   

Level 8.9334 1.5471 

Change -0.0298 0.2462 

30 year average mortgage 
contract rate 

Federal Home Loan 
Mortgage Corporation 

realfees   

Level 1674.79 1305.27 

Change 16.26 143.54 

Sum of impact fees for 
road, fire, police, parks, 

and schools 

Dade County Planning 
and Zoning Dept. 
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Table 5.2: OLS Results for Stock-Flow Model Predicting Housing Starts 

 1 2 3 

Constant 16530.19* 
(10175.98) 

16776.12* 
(10522.4) 

25632.92*** 
(9096.89) 

H_New 0.00476 
(0.00478) 

0.00391 
(0.00485) 

-0.00026 
(0.00478) 

short_i 15.65 
(19.91) 

17.16 
(19.67) 

-9.40 
(23.93) 

RS_Land 334.02** 
(150.82) 

346.57** 
(150.63) 

208.05 
(162.24) 

city_const -7995.35* 
(4938.38) 

-8479.35* 
(5145.58) 

-3641.1 
(4721.01) 

S_lag -0.02911* 
(0.02041) 

-0.02875* 
(0.02095) 

-0.05962*** 
(0.02215) 

chng_employ  -0.00255 
(0.00203) 

-0.00137 
(0.00176) 

quarter2   44.41 
(49.37) 

quarter3   40.08 
(51.26) 

quarter4   -79.02* 
(50.84) 

time trend   6.23** 
(2.82) 

realfees -0.07422* 
(0.05604) 

-0.07637* 
(0.05542) 

-0.07742* 
(0.04406) 

    
R2 0.1072 0.1232 0.1479 
N 128 128 128 

Note: Standard errors in parentheses for model 3, robust standard errors for models 1 and 2. 
Adjusted R2 reported for model 3. 
* significant in one-tailed test at 10% 
** significant in one-tailed test at 5% 
*** significant in one-tailed test at 1% 
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Table 5.3: 2SLS Results for Stock-Flow Model Predicting Housing Starts 

 4 5 6 

Constant 12330.23 
(12981.23) 

13483.27 
(13144.4) 

23113.93** 
(12131.54) 

H_New 0.00799 
(0.0167) 

0.00693 
(0.01746) 

-0.0027365 
(0.0162084) 

short_i 18.85 
(22.86) 

19.53 
(22.59) 

12.09394 
(23.41608) 

RS_Land -34.91 
(1041.81) 

43.41 
(1083.09) 

935.6183 
(1010.103) 

city_const -8174.91** 
(4372.09) 

-8628.02** 
(4302.4) 

-8353.876** 
(4779.219) 

S_lag -0.01865 
(0.02964) 

-0.02064 
(0.0299) 

-0.0439236 
(0.0279495) 

chng_employ  -0.00237 
(0.00196) 

-0.0016324 
(0.0020797) 

quarter2   37.9594 
(63.6824) 

quarter3   39.06807 
(75.99323) 

quarter4   -64.23418 
(57.38827) 

realfees -0.09964 
(0.08502) 

-0.09705 
(0.08637) 

-0.034287 
(0.0853482) 

    
R2 0.0701 0.0982 0.0705 
N 128 128 128 

Note: Standard errors in parentheses. Instruments used for H_New and RS_Land. Instruments for 
H_New are two month-lagged values of slack (S/H, see Chapter 4), rent CPI, per capita income, 
long-term interest rate (30-year average mortgage contract rate), and expected house price 
appreciation, as well as the one year-lagged millage rate. Instruments for RS_Land include those 
above as well as the two month-lagged values of the construction cost index and the short-term 
interest rate (prime loan rate). 
* significant in one-tailed test at 10% 
** significant in one-tailed test at 5% 
*** significant in one-tailed test at 1% 
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Table 5.4: 2SLS Results for Price Change Model Predicting Housing Starts 

 7 8 

Constant 1902.27** 
(1011.004) 

2624.29*** 
(1065.307) 

chng_city_const -21538.25** 
(10801.09) 

-19267.21** 
(11547.79) 

chng_H_New -0.00066 
(0.00351) 

-0.00107 
(0.00376) 

chng_H_New(1) 0.00073 
(0.00353) 

0.0004 
(0.00376) 

LRP (H_New) 
 

0.00007 
(0.00008) 

-0.00067 
(0.0007) 

chng_short_i 20.08 
(50.41) 

47.98 
(53.4) 

chng_short_i(1) -58.3 
(50.00) 

-75.32* 
(54.42) 

chng_short_i(2) -23.48 
(51.89) 

-0.73 
(57.92) 

chng_short_i(3) -23.97 
(49.9) 

-30.68 
(57.10) 

chng_short_i(4) -11.31 
(42.76) 

-26.89 
(53.46) 

chng_short_i(5)  26.74 
(46.00) 

LRP (chng_short_i) 
 

-96.98 
(137.25) 

-58.9 
(70.22) 

S_lag -0.00396* 
(0.00275) 

-0.00564** 
(0.00292) 

quarter2 89.06497** 
(41.17735) 

80.81807** 
(43.7144) 

quarter3 75.82057** 
(38.19556) 

71.42818** 
(40.39487) 

quarter4 -74.74251** 
(38.15353) 

-76.31046** 
(40.25866) 

time trend 3.20164*** 
(0.92111) 

0.11435 
(0.6893) 

realfees -0.14331*** 
(0.03513) 

 

chng_realfees  0.07556 
(0.09915) 

chng_realfees(1)  -0.11194 
(0.09768) 

chng_realfees(2)  -0.04344 
(0.10022) 
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Table 5.4: Continued 

 7 8 

chng_realfees(3)  -0.1316* 
(0.09777) 

chng_realfees(4)  -0.13826* 
(0.09749) 

chng_realfees(5)  -0.0975 
(0.09734) 

LRP (chng_realfees) 
 

 -0.4472 
(0.733) 

   
adj. R2 0.2265 0.1554 
Schwarz criterion 10.19194 10.24062 
D-W 1.888672 1.773271 
N 175 174 

Note: Standard errors in parentheses. Instruments used for current changes in H_New and 
city_const. Instruments for current changes in H_New are current and lagged values of total 
nonagricultural employment, the energy component of the CPI, the 30 year average mortgage 
contract rate, and the number of households. Instruments for current changes in city_const are 
lagged changes in city_const. 
* significant in one-tailed test at 10% 
** significant in one-tailed test at 5% 

*** significant in one-tailed test at 1% 
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CHAPTER 6 

CONCLUSION 

 
 
 
 

Introduction 

 

This dissertation examines the use and incidence of development impact fees for Dade 
County, Florida over the time period of 1985 through 2000. During this period, Dade County, 
like a growing number of communities throughout the U.S., turned to the use of impact fees to 
fund new capital infrastructure construction in response to both a burgeoning population and an 
unwillingness of existing homeowners to continue subsidizing this growth through increases in 
traditional public finance levies. Impact fees and their effects have been studied extensively by 
planners, legal professionals, and some economists for the past few decades as the use of impact 
fees has increased. However, to date there has been no theoretically and empirically consistent 
study on a single sample of the effects of impact fees on the most relevant and important 
markets: those for new and existing homes and for vacant residential land. Dade County’s 
experience with impact fees lent itself to such a systematic study, of which the preceding 
dissertation undertook. 

The background of Dade County’s use of impact fees was provided in chapter one. Since 
impact fees are recommended in rapidly developing communities, data were provided detailing 
Dade County’s growth from the 1970s through 2000. During that period, the county experienced 
very fast growth in its population, while spending on public service infrastructure construction, 
funded mostly with traditional finance tools, lagged behind to the extent that maintaining current 
levels of infrastructure quality became problematic. This failure of public funding to meet the 
needs of new development led Dade County to implement impact fees. 

The use of impact fees was suggested in and supported by Florida’s Growth Management 
Act. The Act attempts to both control urban sprawl and provide for public service infrastructure 
for new residents. It, along with the Comprehensive Planning Act, gave communities permission 
to experiment with novel forms of public finance, of which impact fees became quite popular. 
Through a series of county ordinances, Dade County implemented an impact fee system that 
would eventually comprise fees for the construction of roads, fire and police services, parks, and 
schools. The goal of these ordinances was to maintain adequate public service infrastructure of a 
quality comparable to existing infrastructure. During the sample period, the fees became 
effective and all but the school fee were raised as county planners eventually recognized that the 
fee amounts specified in earlier ordinances were not sufficient to maintain adequate levels of 
public service quality. 

Eventually, the objections of developers to the impact fee systems developed in Dade 
County and elsewhere in Florida became manifest in court cases against fee-imposing 
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communities. For the most part, state courts sided with the communities, as long as the impact 
fees used adhered to a set of standards that eventually became known as the “rational nexus” test. 
With the legal framework of acceptable impact fees outlined by the state courts, a growing 
number of Florida communities began to implement fees. 

To structure the analysis of the effects of impact fees, chapter two described literature 
relevant to the theoretical and empirical approaches taken in later chapters. On the theoretical 
side, the existing literature was divided into those that recognize impact fees as either strict 
excise taxes (the “old view” of impact fee incidence), and those that recognize impact fees as 
both a direct cost for developers but also a potential benefit for new and existing homeowners 
(the “new view”). This theoretical distinction implies different empirical hypotheses that can be 
tested. The large majority of existing empirical studies of impact fees adopt an “old view” 
perspective but obtain results that do not lend credence to the “old view” theory; further, there 
have been no studies that have adopted the “new view” perspective and rigorously applied its 
assumptions to an empirical analysis. This dissertation attempts this exercise. Aside from 
discussing literature on impact fees, the second chapter also discusses articles that, while not 
specifically addressing the issue of impact fees, suggest appropriate methodological tools that 
prove useful in the present study. 

 
Construction of Price Indices 

 

The third chapter begins the empirical analysis of impact fees in Dade County by 
constructing price indices for new and existing homes and vacant residential land. Since Dade 
County represents the Miami Metropolitan Area and thus the Miami real estate market, a model 
appropriate for metropolitan-area housing markets is utilized in chapter four. The metropolitan-
area model requires some representation of the metropolitan-wide movements in prices for the 
different property types, so chapter three is devoted to constructing these indices. 

For robustness, the price index construction utilized the two most popular approaches in 
explaining real estate prices: hedonic models and repeat-sales models. Chapter three describes 
the theoretical approaches taken for each model, as well as the specific variables and data 
sources used for Dade County over the sample period. The hedonic approach explains house 
prices as a function of structural, demographic, locational, and time-specific characteristics. 
Previous hedonic studies of impact fees omit one or more of these sets of characteristics, so their 
inclusion here arguably produces a more accurate price series. Since the repeat-sales approach 
does not depend on a parcel’s characteristics but only on two distinct sales dates and prices, the 
data requirements differ from the hedonic approach. The third chapter ends by displaying the 
various constructed price indices for each land type over the sample period. 

 
Impact Fee Effects on House and Land Prices 

 

With the price indices thus constructed, chapter four explains their movements using the 
metropolitan-area housing market model or stock-flow model. Different county- and nationwide 
variables were used to assess the determinants of prices of new and existing homes and vacant 
residential land. Of interest here, the amount of impact fees to be paid were included as a control 
variable. In contrast to many of the previous papers on impact fees which use a simple dummy 
variable indicating an impact fee in place, the impact fee variable used in this dissertation was 
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continuous, as it changed eight times over the sample period. This minimizes the chances that 
effects here attributed to impact fees are actually caused by unaccounted-for events. 

Several important results emerge from chapter four that bolster the “new view” theory of 
impact fee incidence and cast doubt on the “old view.” The fee effects on homes are positive but 
not very large, compared to earlier studies. Further supporting the “new view” hypothesis that 
both new and existing residents benefit from the use of impact fees since expected future 
property tax payments fall, the estimated impact fee effects for new homes and existing homes 
were not significantly different from one another. There appeared to be no negligible difference 
in the estimated fee effects between using hedonic and repeat-sales approaches, which lends 
credence to the results overall. It was also shown that the estimated fee effect was “new view” 
consistent with the changes in the property tax rate in Dade County at the time, further lending 
support to the hypothesis that implementation of impact fees lessens reliance on property 
taxation. 

The results in chapter four of the effects of impact fees on vacant land show that fees tend 
to reduce land prices by roughly the amount of the fee itself. This result of a reduction in land 
values along with the result of a rise in home prices suggests that developers earned above-
normal profits during the sample period which is inconsistent with the new view. These results 
can be explained after recognition of the relatively random progression of impact fee amounts in 
Dade County over the sample period. Given that impact fees are paid at the time of receipt of the 
building permit, developers are uncertain whether their home sales will compensate them fully 
for the impact fee. During the period, the county increased its fees sporadically, with 
discontinuous jumps in total fee amounts at unpredictable times. Faced with this uncertainty 
whether the house price would fully compensate for a future uncertain impact fee, developers 
may have attempted to insure themselves against this risk by lowering bids for land such that the 
total savings for the developer turned out to be at least as large, and frequently larger, than the 
effective fee amount. 

 
Impact Fee Effects on Housing Construction 

 

Chapter five examines more closely how impact fees affected housing construction in 
Dade County, given the results obtained in chapter four and the conjecture that developers faced 
a certain amount of uncertainty. The stock-flow model was utilized to explain changes in 
housing starts, as was a price-change approach based on urban growth theory. Using the same 
price indices and impact fee data developed in previous chapters, the empirical results are 
consistent with expectations in showing that impact fees are associated with a reduction in 
housing starts. This result is consistent across both the stock-flow and price-change models, and 
further supports the contention that impact fees, through reducing the price of land and perhaps 
introducing uncertainty into the development process, slow housing construction. 

 
Conclusion 

 

The analysis conducted in chapter three through five provide theoretical and empirical 
insights into the incidence of impact fees. Generally, impact fees behave as more than simple 
excise taxes, as has been the standard assumptions in earlier papers. Impact fees, as 
constitutionally required, are used to fund public service infrastructure and thus their presence in 
a jurisdiction formerly relying on property tax revenue for this purpose will affect all those who 
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pay property taxes. Since the county ordinances specify that the infrastructure to be constructed 
with fee revenues is to be of comparable quality to existing infrastructure, and since both new 
and existing homeowners expect to experience the same future property tax savings from future 
infrastructure construction, fee effects are the same for the prices of both new and existing 
homes. The empirical results that are consistent with this theoretical interpretation of impact fees 
is unique among the existing empirical literature. 

The results of this dissertation also provide practical suggestions for communities 
interested in adopting development impact fees as a revenue mechanism. Developers appear to 
be insuring themselves against the risk of future higher impact fees because Dade County did not 
follow any identifiable, predictable course in determining its impact fee amounts. To the 
developers, then, changes in total impact fees were seen as a series of short-run shocks that could 
not be foreseen and protected against. This hypothesized uncertainty led to the superficially 
counterintuitive result of above-normal profits for the development industry. Had Dade County 
made its impact fee increases predictable and well-known to developers, the hypothesis of an 
increase in home prices equal to the expected future property tax savings and a decrease in land 
prices sufficient to cover the remainder of the impact fee would be expected. 

Though there is binding legal precedent on the construction of impact fee systems, 
communities wishing to promote real estate markets with low volatility would be advised to 
structure their fees such that necessary increases to account for rising construction costs or 
population are relatively predictable. While Dade County was an early user of impact fees, it is 
expected that a growing number of other communities will begin to experiment with their use. 
The experience of Dade County provides important insights into this process. 
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APPENDIX 
 

Graph of Indices 

 
Hedonic Indices 

Fig. 3.1 Existing Homes - Fourier Expansion
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Fig. 3.2 Existing Homes - Fourier Expansion & Fourier Interaction Terms
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Fig. 3.3 Existing Homes - Month/Year Time Dummy Terms
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Fig. 3.4 Existing Homes - Yearly Regression with Month Dummy Terms
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Fig. 3.5 New Homes - Fourier Expansion
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Fig. 3.6 New Homes - Month/Year Time Dummy Terms
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Fig. 3.7 New Homes - Yearly Regression with Month Dummy Terms
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Fig. 3.8 Existing Homes in Unincorporated Dade - Month/Year Time Dummy Terms
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Fig. 3.9 Existing Homes in Unincorporated Dade - Yearly Regression with Month 

Dummy Terms
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Fig. 3.10 New Homes in Unincorporated Dade - Month/Year Time Dummy Terms
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Fig. 3.11 New Homes in Unincorporated Dade - Yearly Regression with Month 

Dummy Terms
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Repeat-Sales Indices 

 

Fig. 3.12 Existing Homes
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Fig. 3.13 Vacant Residential Land
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OLS Results from First Stage Price Index Construction 

 
Table A.1: Definition of Variables Used in 1

st
 Stage Hedonic Regressions 

Variable Name Description 

saleamt Selling price of the lot/house 

lot_acres Size of the lot/parcel 

lot_acres2 Lot size squared 

distA, distA2 Distance to Miami CBD and distance squared 

distB, distB2 Distance to Miami International Airport (TAZ 516) and distance squared 

distC, distC2 Distance to Dadeland Mall (TAZ 903) and distance squared 

distD, distD2 Distance to Cutler Ridge (TAZ 1042) and distance squared 

distE, distE2 Distance to International Mall (TAZ 482) and distance squared 

distF, distF2 Distance to Westland Mall (TAZ 202) and distance squared 

distG, distG2 Distance to Aventura Mall (TAZ 66) and distance squared 

distH, distH2 Distance to Homestead/FL City (TAZ 1115) and distance squared 

pctblk Percent black in the Census block group 

pcthsp Percent Hispanic in the Census block group 

pctrnt Percent renter in the Census block group 

medinc90 Median income in the 1990 Census block group 

mc100-mc3200 Municipality dummy variables 

z, z2, sin1, cos1 Fourier expansion terms 

Feb-85—Dec-00 Month/Year dummy variables 

 
 

Table A.2: Land Hedonic Index Using Fourier Expansion Terms 
Source SS df MS Number of obs = 8109

Model 2.24E+15 51 4.39E+13 F( 51,  8057) =  24.86

Residual 1.42E+16 8057 1.77E+12 Prob > F      =  0.0000

Total 1.65E+16 8108 2.03E+12 R-squared     =  0.1360

    Adj R-squared =  0.1305

    Root MSE      = 1.30E+06

       

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

lot_acres 144316.8 8146.497 17.72 0.000 128347.6 160286.1

lot_acres2 -465.31 34.33489 -13.55 0.000 -532.615 -398.004

distA -23.6143 6.852949 -3.45 0.001 -37.0478 -10.1807

distA2 0.004746 0.00127 3.74 0.000 0.002257 0.007235

distB 36.26248 8.634856 4.20 0.000 19.33593 53.18903

distC 9.097233 4.5655 1.99 0.046 0.147673 18.04679

distD 6.049529 4.758308 1.27 0.204 -3.27799 15.37704

distE 14.30879 5.443936 2.63 0.009 3.637266 24.98031

distF -11.4693 6.525685 -1.76 0.079 -24.2613 1.322737

distG 1.620084 8.170198 0.20 0.843 -14.3956 17.63578

distH 15.88312 5.638365 2.82 0.005 4.83047 26.93577

distB2 (dropped)      

distC2 (dropped)      

distD2 (dropped)      



 80

Table A.2: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

distE2 (dropped)      

distF2 0.003375 0.000946 3.57 0.000 0.001521 0.00523

distG2 -0.00574 0.001538 -3.73 0.000 -0.00876 -0.00273

distH2 -0.00268 0.000678 -3.96 0.000 -0.00401 -0.00135

pctblk -1226.83 891.0904 -1.38 0.169 -2973.59 519.9408

pcthsp 308137.8 63273.84 4.87 0.000 184104.7 432170.8

pctrnt -5477.83 866.2847 -6.32 0.000 -7175.97 -3779.68

medinc90 -1.51674 3.139072 -0.48 0.629 -7.67013 4.636651

mc100 -178464 91961.95 -1.94 0.052 -358733 1805.023

mc200 -82421.3 178143.1 -0.46 0.644 -431628 266785.3

mc300 133065.1 100805 1.32 0.187 -64538.8 330669.1

mc400 157928.3 136914.5 1.15 0.249 -110459 426316.1

mc500 178283.5 222449.2 0.80 0.423 -257774 614341.5

mc600 50772.66 187297.8 0.27 0.786 -316380 417924.8

mc700 439253.6 167656.2 2.62 0.009 110604.1 767903.2

mc800 -138634 202946.2 -0.68 0.495 -536461 259192.8

mc900 29061.99 222828.7 0.13 0.896 -407740 465863.8

mc1000 144298.3 113450.7 1.27 0.203 -78094.4 366690.9

mc1100 -397083 274563.6 -1.45 0.148 -935299 141132.8

mc1200 305666.2 314669.1 0.97 0.331 -311167 922498.9

mc1300 47445.36 341639.8 0.14 0.890 -622257 717147.6

mc1400 667382.7 276583.4 2.41 0.016 125207.8 1209558

mc1500 447101.5 669597.5 0.67 0.504 -865483 1759686

mc1600 4742.289 140093.2 0.03 0.973 -269877 279361.3

mc1700 -412193 475574.6 -0.87 0.386 -1344442 520056.6

mc1800 -777569 364013.7 -2.14 0.033 -1491130 -64008.1

mc1900 1186622 228633.6 5.19 0.000 738440.6 1634802

mc2000 39109.57 126641.2 0.31 0.757 -209140 287359

mc2100 3584477 605127.8 5.92 0.000 2398270 4770684

mc2200 (dropped)      

mc2300 -415951 360563.3 -1.15 0.249 -1122748 290846.7

mc2400 136542.1 266185.3 0.51 0.608 -385250 658334

mc2500 19643.96 667688.9 0.03 0.977 -1289199 1328487

mc2600 238228.2 514037.3 0.46 0.643 -769418 1245874

mc2700 -759177 187121.1 -4.06 0.000 -1125983 -392371

mc2800 2892725 230918.6 12.53 0.000 2440064 3345385

mc2900 (dropped)      

mc3100 1059275 251148 4.22 0.000 566960 1551590

mc3200 -473226 128077.9 -3.69 0.000 -724291 -222160

z -209412 114170 -1.83 0.067 -433214 14391.22

z2 33658.83 17307.27 1.94 0.052 -267.891 67585.54

sin1 -81280.3 35815.95 -2.27 0.023 -151489 -11071.8

cos1 -120779 74489.75 -1.62 0.105 -266798 25240.55

cons 6.80E+07 1.81E+07 3.75 0.000 3.24E+07 1.03E+08
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Table A.3: Land Hedonic Index Using Month-Year Dummy Variables 
Source SS df MS Number of obs = 8109

Model 3.54E+15 2.38E+02 1.49E+13 F(238, 7870) = 9.06

Residual 1.29E+16 7.87E+03 1.64E+12 Prob > F = 0.0000

Total 1.65E+16 8108 2.03E+12 R-squared = 0.2151

    Adj R-squared = 0.1914

    Root MSE = 1.30E+06

       

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

lot_acres 141364.8 8009.92 17.65 0.000 125663.2 157066.3

lot_acres2 -455.8241 33.73 -13.52 0.000 -521.9352 -389.713

distA -25.83716 6.84 -3.78 0.000 -39.23566 -12.4387

distA2 0.0038023 0.00 3.05 0.002 0.001357 0.006248

distB 39.6903 8.53 4.65 0.000 22.97073 56.40988

distC 5.765347 4.55 1.27 0.205 -3.157391 14.68808

distD 1.833836 4.84 0.38 0.705 -7.662354 11.33003

distE 8.574204 5.38 1.60 0.111 -1.963057 19.11147

distF -18.37831 6.52 -2.82 0.005 -31.15587 -5.60075

distG 0.9895481 8.15 0.12 0.903 -14.98424 16.96334

distH 15.38009 5.66 2.72 0.007 4.293304 26.46687

distB2 (dropped)      

distC2 (dropped)      

distD2 (dropped)      

distE2 (dropped)      

distF2 0.0026962 0.00 2.90 0.004 0.0008733 0.004519

distG2 -0.004556 0.00 -3.01 0.003 -0.007519 -0.00159

distH2 -0.002131 0.00 -3.20 0.001 -0.003436 -0.00083

pctblk -690.8497 882.92 -0.78 0.434 -2421.61 1039.911

pcthsp 322059 62999.63 5.11 0.000 198563 445555

pctrnt -4827.072 869.12 -5.55 0.000 -6530.787 -3123.36

medinc90 0.3400733 3.12 0.11 0.913 -5.778999 6.459146

mc100 -81040.32 91095.02 -0.89 0.374 -259610.7 97530.1

mc200 129875.5 177606.40 0.73 0.465 -218280.3 478031.3

mc300 214903.7 99861.87 2.15 0.031 19147.92 410659.5

mc400 88915.4 135287.80 0.66 0.511 -176284.6 354115.4

mc500 148947 218741.80 0.68 0.496 -279844.9 577738.9

mc600 90196.69 185644.70 0.49 0.627 -273716.1 454109.5

mc700 455765 165499.70 2.75 0.006 131341.7 780188.3

mc800 -102368.3 199495.00 -0.51 0.608 -493431.5 288694.9

mc900 50655.98 219812.50 0.23 0.818 -380234.9 481546.8

mc1000 167989 114344.10 1.47 0.142 -56155.74 392133.8

mc1100 -300341.5 268579.40 -1.12 0.263 -826828.4 226145.3

mc1200 415119.1 308690.10 1.34 0.179 -189995.5 1020234

mc1300 202653.5 334548.10 0.61 0.545 -453149.7 858456.6

mc1400 832467.6 273380.00 3.05 0.002 296570.2 1368365

mc1500 621420.9 654263.00 0.95 0.342 -661108.1 1903950

mc1600 -48560.79 138486.50 -0.35 0.726 -320031.1 222909.5

mc1700 -262670 468324.90 -0.56 0.575 -1180711 655371.1

mc1800 -599430.2 359887.10 -1.67 0.096 -1304904 106044.1

mc1900 1145021 226163.70 5.06 0.000 701680 1588362
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Table A.3: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

mc2000 37224.74 124149.20 0.30 0.764 -206140.7 280590.2

mc2100 3780836 589295.60 6.42 0.000 2625661 4936012

mc2200 (dropped)      

mc2300 -341912.3 355870.50 -0.96 0.337 -1039513 355688.4

mc2400 390392.5 266399.10 1.47 0.143 -131820.4 912605.4

mc2500 -81383.27 653534.60 -0.12 0.901 -1362484 1199718

mc2600 437997.2 502252.00 0.87 0.383 -546550.1 1422544

mc2700 -924787.1 183983.80 -5.03 0.000 -1285444 -564130

mc2800 2949689 232458.10 12.69 0.000 2494009 3405368

mc2900 (dropped)      

mc3100 629689.7 248303.20 2.54 0.011 142949.5 1116430

mc3200 -621706 127238.80 -4.89 0.000 -871127.9 -372284

Feb-85 -91294.55 428733.70 -0.21 0.831 -931726.3 749137.2

Mar-85 -61219.72 393681.90 -0.16 0.876 -832940.6 710501.2

Apr-85 -2.50E+04 381080.80 -0.07 0.948 -7.72E+05 722016.2

May-85 61386.84 367203.4 0.17 0.867 -658429.3 781203

Jun-85 1063016 335691.9 3.17 0.002 404971.3 1721062

Jul-85 -31673.57 429095.2 -0.07 0.941 -872814.1 809466.9

Aug-85 72904.35 423933.3 0.17 0.863 -758117.4 903926.1

Sep-85 -58669.82 441402.1 -0.13 0.894 -923935.1 806595.4

Oct-85 -129985.6 478619.9 -0.27 0.786 -1068208 808236.6

Nov-85 -57496.08 443704.5 -0.13 0.897 -927274.6 812282.5

Dec-85 -166206.5 435531.3 -0.38 0.703 -1019963 687550.5

Jan-86 353702 507018 0.70 0.485 -640187.9 1347592

Feb-86 -32584.32 419041.9 -0.08 0.938 -854017.6 788849

Mar-86 -31430.82 405077.2 -0.08 0.938 -825489.6 762627.9

Apr-86 -97300.46 384005.2 -0.25 0.800 -850052.7 655451.7

May-86 11339.31 441255.6 0.03 0.979 -853638.8 876317.4

Jun-86 355322 387030.7 0.92 0.359 -403361 1114005

Jul-86 64722.68 449531.8 0.14 0.886 -816479 945924.4

Aug-86 222861.9 458065.1 0.49 0.627 -675067.2 1120791

Sep-86 200491.1 402361.1 0.50 0.618 -588243.5 989225.6

Oct-86 -222844.3 377085 -0.59 0.555 -962031 516342.4

Nov-86 35870.74 413068 0.09 0.931 -773852.2 845593.7

Dec-86 60783.79 344452 0.18 0.860 -614433.6 736001.2

Jan-87 -28826.76 428696.8 -0.07 0.946 -869186.3 811532.8

Feb-87 -613187.4 443932.4 -1.38 0.167 -1483413 257037.9

Mar-87 -145756.6 409004.5 -0.36 0.722 -947513.9 656000.7

Apr-87 -47283.53 371599.5 -0.13 0.899 -775717.2 681150.2

May-87 131729.3 388623.5 0.34 0.735 -630075.8 893534.4

Jun-87 -93764.09 394420.4 -0.24 0.812 -866932.7 679404.5

Jul-87 -65140.7 376649.8 -0.17 0.863 -803474.2 673192.8

Aug-87 -2106.401 386208.5 -0.01 0.996 -759177.7 754964.9

Sep-87 -192521.6 380978.5 -0.51 0.613 -939340.5 554297.2

Oct-87 -60525.44 404372.7 -0.15 0.881 -853203.2 732152.4

Nov-87 -111087.2 383767.2 -0.29 0.772 -863372.8 641198.3

Dec-87 -83802.86 369950.9 -0.23 0.821 -809004.8 641399.1

Jan-88 60955.96 397930.3 0.15 0.878 -719093 841005
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Table A.3: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

Feb-88 -122443.9 441661.6 -0.28 0.782 -988217.9 743330

Mar-88 6391.798 417631.3 0.02 0.988 -812276.5 825060.1

Apr-88 166399.8 350468.2 0.47 0.635 -520610.8 853410.4

May-88 303617.6 384388.7 0.79 0.430 -449886.4 1057121

Jun-88 -25099.15 368853.3 -0.07 0.946 -748149.5 697951.2

Jul-88 -210457.5 374170.9 -0.56 0.574 -943931.8 523016.9

Aug-88 577292.6 343621.9 1.68 0.093 -96297.51 1250883

Sep-88 -109869.7 381691.5 -0.29 0.773 -858086.4 638347.1

Oct-88 16279.92 383583 0.04 0.966 -735644.5 768204.4

Nov-88 10125.41 370138 0.03 0.978 -715443.4 735694.2

Dec-88 -69359.74 408742.5 -0.17 0.865 -870603.5 731884

Jan-89 533249 365487.8 1.46 0.145 -183204 1249702

Feb-89 -35436.65 401221.2 -0.09 0.930 -821936.7 751063.4

Mar-89 -95307.84 395326.1 -0.24 0.809 -870251.8 679636.1

Apr-89 893560 360658.6 2.48 0.013 186573.4 1600547

May-89 -83448.08 367218.7 -0.23 0.820 -803294.2 636398

Jun-89 -83125.34 366626.8 -0.23 0.821 -801811.1 635560.4

Jul-89 111131.5 391761.1 0.28 0.777 -656824.3 879087.2

Aug-89 288272.5 389685.2 0.74 0.459 -475613.9 1052159

Sep-89 -3624.654 371242.3 -0.01 0.992 -731358.1 724108.7

Oct-89 -21748.1 424171.2 -0.05 0.959 -853236.2 809740

Nov-89 164901.2 429074.3 0.38 0.701 -676198.3 1006001

Dec-89 -35515.81 423879.6 -0.08 0.933 -866432.4 795400.7

Jan-90 65270.54 364095.7 0.18 0.858 -648453.6 778994.7

Feb-90 8854.979 391174.9 0.02 0.982 -757951.6 775661.6

Mar-90 -55552.68 397590.7 -0.14 0.889 -834936 723830.7

Apr-90 -392875.2 429610 -0.91 0.360 -1235025 449274.3

May-90 -610740.8 395453.6 -1.54 0.123 -1385935 164453.2

Jun-90 132006.7 383675.2 0.34 0.731 -620098.5 884111.8

Jul-90 -95018.13 409107.5 -0.23 0.816 -896977.4 706941.1

Aug-90 8483.677 394497.4 0.02 0.983 -764835.9 781803.2

Sep-90 64695.59 479530.7 0.13 0.893 -875311.9 1004703

Oct-90 130757.8 448757.3 0.29 0.771 -748925.6 1010441

Nov-90 60659.76 492788.2 0.12 0.902 -905336 1026656

Dec-90 91526.29 436856.5 0.21 0.834 -764828.3 947880.9

Jan-91 172901.1 412920.7 0.42 0.675 -636533 982335.2

Feb-91 -100729.2 397556.8 -0.25 0.800 -880046.1 678587.7

Mar-91 285426.8 401476.3 0.71 0.477 -501573.3 1072427

Apr-91 -164035.4 375771.2 -0.44 0.662 -900646.8 572575.9

May-91 -20495.68 384059.6 -0.05 0.957 -773354.4 732363

Jun-91 189597.3 458649.4 0.41 0.679 -709477.4 1088672

Jul-91 682468.6 352472 1.94 0.053 -8470.114 1373407

Aug-91 971280.8 379987.1 2.56 0.011 226405.1 1716156

Sep-91 194526.9 381165.8 0.51 0.610 -552659.1 941713

Oct-91 -177406.4 414028.7 -0.43 0.668 -989012.4 634199.7

Nov-91 -130693.7 391355.1 -0.33 0.738 -897853.6 636466.2

Dec-91 -88644.28 449429.7 -0.20 0.844 -969645.8 792357.3

Jan-92 372855.5 388973.7 0.96 0.338 -389636.3 1135347
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Table A.3: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

Feb-92 856264.2 414514.4 2.07 0.039 43705.91 1668823

Mar-92 72736.47 387016.7 0.19 0.851 -685919.1 831392

Apr-92 198995.4 379192.4 0.52 0.600 -544322.4 942313.2

May-92 -2326.979 375705.5 -0.01 0.995 -738809.4 734155.5

Jun-92 -127083.3 394702.7 -0.32 0.747 -900805.5 646638.8

Jul-92 -106092.9 388524.9 -0.27 0.785 -867704.8 655518.9

Aug-92 -102076.2 546972.1 -0.19 0.852 -1174287 970134.3

Sep-92 -191339.5 449830.9 -0.43 0.671 -1073127 690448.4

Oct-92 -11015.19 404968.8 -0.03 0.978 -804861.5 782831.1

Nov-92 -52217.63 398903.2 -0.13 0.896 -834173.9 729738.6

Dec-92 15984.16 357943.7 0.04 0.964 -685680.4 717648.7

Jan-93 -67276.38 379130.1 -0.18 0.859 -810472 675919.2

Feb-93 666768.6 348137.8 1.92 0.055 -15673.82 1349211

Mar-93 -53151.28 352010.5 -0.15 0.880 -743185.4 636882.8

Apr-93 -70049.65 374988.6 -0.19 0.852 -805126.8 665027.5

May-93 -120825.3 361949.1 -0.33 0.739 -830341.6 588691

Jun-93 219455.2 346056.7 0.63 0.526 -458907.8 897818.2

Jul-93 260646.6 359813.4 0.72 0.469 -444683.1 965976.2

Aug-93 105366.8 383743.7 0.27 0.784 -646872.8 857606.4

Sep-93 177119.8 372855.5 0.48 0.635 -553776 908015.5

Oct-93 -45237.55 423291.2 -0.11 0.915 -875000.6 784525.6

Nov-93 -49987.98 413336.9 -0.12 0.904 -860238 760262.1

Dec-93 237208.1 356921.6 0.66 0.506 -462453 936869.1

Jan-94 -57121.49 398334 -0.14 0.886 -837961.9 723719

Feb-94 -10076.86 408416.5 -0.02 0.980 -810681.6 790527.8

Mar-94 798398.4 367018.7 2.18 0.030 78944.21 1517853

Apr-94 396947.9 359931.5 1.10 0.270 -308613.4 1102509

May-94 47399.32 355326.2 0.13 0.894 -649134.3 743933

Jun-94 142632 354020.6 0.40 0.687 -551342.4 836606.3

Jul-94 -127364.3 401545.9 -0.32 0.751 -914500.8 659772.3

Aug-94 486697 338947.6 1.44 0.151 -177730.3 1151124

Sep-94 134204.9 359067 0.37 0.709 -569661.7 838071.6

Oct-94 13871.68 381333.8 0.04 0.971 -733643.8 761387.2

Nov-94 -203673.5 365550.9 -0.56 0.577 -920250.4 512903.4

Dec-94 -59580.95 360718.2 -0.17 0.869 -766684.3 647522.4

Jan-95 758372.7 370560.5 2.05 0.041 31975.72 1484770

Feb-95 25508 375655.8 0.07 0.946 -710877.1 761893.1

Mar-95 -106827.6 417769.7 -0.26 0.798 -925767 712111.8

Apr-95 410249.9 349733.2 1.17 0.241 -275320.1 1095820

May-95 308593.2 352366.6 0.88 0.381 -382138.8 999325.2

Jun-95 103326.6 392468.4 0.26 0.792 -666015.6 872668.7

Jul-95 -8100.845 417611.7 -0.02 0.985 -826730.5 810528.8

Aug-95 648340.1 349766 1.85 0.064 -37294.09 1333974

Sep-95 50979.31 409011.2 0.12 0.901 -750791.2 852749.9

Oct-95 21768.75 410836 0.05 0.958 -783578.8 827116.3

Nov-95 -20013.67 402080.5 -0.05 0.960 -808198.2 768170.9

Dec-95 -24418.85 375671.1 -0.07 0.948 -760833.9 711996.2

Jan-96 -196227.3 376153.5 -0.52 0.602 -933588 541133.5
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Table A.3: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

Feb-96 473929.1 355281.6 1.33 0.182 -222517.2 1170375

Mar-96 -34034.12 382161 -0.09 0.929 -783171.1 715102.9

Apr-96 446680.6 409699.3 1.09 0.276 -356438.7 1249800

May-96 -50615.18 370402.9 -0.14 0.891 -776703.1 675472.8

Jun-96 -7189.217 365715.1 -0.02 0.984 -724087.8 709709.4

Jul-96 -154671.1 355984.8 -0.43 0.664 -852495.7 543153.5

Aug-96 -259359.6 392084.7 -0.66 0.508 -1027950 509230.5

Sep-96 -23869.35 370168.9 -0.06 0.949 -749498.7 701760

Oct-96 -100736.2 369273 -0.27 0.785 -824609.3 623136.9

Nov-96 -192521.6 375750.4 -0.51 0.608 -929092.2 544049

Dec-96 -56354.44 359633.6 -0.16 0.875 -761331.8 648623

Jan-97 4264151 363894.6 11.72 0.000 3550821 4977481

Feb-97 -121030.6 364754 -0.33 0.740 -836045.3 593984

Mar-97 -176759.8 382016.7 -0.46 0.644 -925613.9 572094.2

Apr-97 28485.43 380212.5 0.07 0.940 -716832.1 773802.9

May-97 501505.2 355701.4 1.41 0.159 -195763.8 1198774

Jun-97 311907.2 343905.6 0.91 0.364 -362239.1 986053.4

Jul-97 261750.9 364691.2 0.72 0.473 -453140.7 976642.5

Aug-97 25504.21 366298.9 0.07 0.944 -692538.8 743547.2

Sep-97 43125.88 352918.7 0.12 0.903 -648688.4 734940.2

Oct-97 1053342 350346.9 3.01 0.003 366569 1740115

Nov-97 -42820.73 360758.2 -0.12 0.906 -750002.5 664361.1

Dec-97 193625 353099.3 0.55 0.583 -498543.3 885793.3

Jan-98 239115.2 349513.6 0.68 0.494 -446024.1 924254.6

Feb-98 99129.01 370961.7 0.27 0.789 -628054.4 826312.4

Mar-98 -16682.97 337865.2 -0.05 0.961 -678988.3 645622.4

Apr-98 -50943.23 347066.3 -0.15 0.883 -731285.2 629398.8

May-98 7977.159 339627.5 0.02 0.981 -657783 673737.3

Jun-98 358051.7 336040.6 1.07 0.287 -300677 1016780

Jul-98 -159061.3 344329.1 -0.46 0.644 -834037.7 515915.2

Aug-98 -150951.5 370180.8 -0.41 0.683 -876604.2 574701.2

Sep-98 65493.68 359668.4 0.18 0.856 -639551.9 770539.3

Oct-98 45885.28 354497 0.13 0.897 -649023 740793.6

Nov-98 118998.5 371186 0.32 0.749 -608624.7 846621.6

Dec-98 281066 338159.4 0.83 0.406 -381816.2 943948.1

Jan-99 233538.7 363709.3 0.64 0.521 -479428.2 946505.5

Feb-99 504238.5 337006 1.50 0.135 -156382.7 1164860

Mar-99 80801.97 330949.6 0.24 0.807 -567947.2 729551.1

Apr-99 541470.5 331357.8 1.63 0.102 -108078.7 1191020

May-99 287678.5 342704.8 0.84 0.401 -384113.9 959470.9

Jun-99 281286.7 335802.5 0.84 0.402 -376975.3 939548.6

Jul-99 386744.4 330183.4 1.17 0.242 -260502.7 1033991

Aug-99 590136.7 339021.8 1.74 0.082 -74436.06 1254709

Sep-99 -43419.41 358559.8 -0.12 0.904 -746291.8 659453

Oct-99 131238 339039.5 0.39 0.699 -533369.3 795845.3

Nov-99 660232.1 332436 1.99 0.047 8569.296 1311895

Dec-99 277428.3 319691.2 0.87 0.386 -349251.3 904107.9

Jan-00 -12359.6 331673.8 -0.04 0.970 -662528.3 637809.1
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Table A.3: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

Feb-00 162360.5 329024.2 0.49 0.622 -482614.2 807335.3

Mar-00 -24293.48 333532.2 -0.07 0.942 -678105.1 629518.1

Apr-00 93646.42 321334.7 0.29 0.771 -536254.8 723547.6

May-00 346840.2 320960.7 1.08 0.280 -282328 976008.3

Jun-00 229734 332690.7 0.69 0.490 -422428.1 881896.1

Jul-00 123422.1 327066.5 0.38 0.706 -517715 764559.1

Aug-00 286672.3 334578.7 0.86 0.392 -369190.7 942535.2

Sep-00 11944.53 337855.4 0.04 0.972 -650341.7 674230.8

Oct-00 -84290.4 332560.8 -0.25 0.800 -736197.9 567617.1

Nov-00 143423.9 321801.5 0.45 0.656 -487392.4 774240.2

Dec-00 928198.5 324152.4 2.86 0.004 292773.8 1563623

_cons 5.41E+07 1.78E+07 3.04 0.002 1.92E+07 8.90E+07

 
 
 

Table A.4: New Hedonic Index Using Fourier Expansion Terms 
Source SS df MS Number of obs = 39792

Model 2.90E+14 5.90E+01 4.91E+12 F(59, 39732) = 3156.48

Residual 6.18E+13 3.97E+04 1.56E+09 Prob > F = 0

Total 3.51E+14 39791 8.83E+09 R-squared = 0.8242

    Adj R-squared = 0.8239

    Root MSE = 39433

       

saleamt Coef. Std. Err. t P> t [95% Conf. Interval] 

bed 1294.38 1443.04 0.90 0.370 -1534.01 4122.761

bath -40124.74 2206.09 -18.19 0.000 -44448.7 -35800.8

lot_acres 19753.22 5775.20 3.42 0.001 8433.697 31072.75

lot_acres2 -4208.94 1360.93 -3.09 0.002 -6876.4 -1541.48

bldg_sqf -5.63 1.91 -2.95 0.003 -9.36769 -1.89012

sqft2 0.02 0.00 39.75 0.000 0.015837 0.01748

bed2 -31.79 53.21 -0.60 0.550 -136.081 72.49632

bath2 10774.05 383.56 28.09 0.000 10022.26 11525.84

lotfeet 0.00 0.00 1.33 0.185 -1.8E-05 9.36E-05

feetbed -2.09 0.54 -3.88 0.000 -3.13751 -1.03257

distA 2.05 0.23 9.02 0.000 1.60195 2.491397

distA2 0.00 0.00 -2.18 0.029 -0.00047 -2.6E-05

distB 1.34 0.24 5.63 0.000 0.870539 1.79952

distC -1.65 0.09 -17.59 0.000 -1.83877 -1.47004

distD 2.57 0.10 25.51 0.000 2.371401 2.766146

distE -0.06 0.11 -0.58 0.564 -0.27919 0.152091

distF 0.18 0.13 1.45 0.148 -0.06442 0.427115

distG 1.84 0.14 13.10 0.000 1.560879 2.110363

distH 0.06 0.12 0.52 0.601 -0.17257 0.297967

distB2 (dropped)      

distC2 (dropped)      

distD2 (dropped)      

distE2 (dropped)      

distF2 0.00 0.00 -1.74 0.082 -0.00031 1.89E-05
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Table A.4: Continued 

saleamt Coef. Std. Err. t P> t [95% Conf. Interval] 

distG2 0.00 0.00 1.87 0.062 -1.3E-05 0.000528

distH2 0.00 0.00 1.88 0.060 -4.71E-06 0.000232

pctblk 208.73 35.18 5.93 0.000 139.7819 277.6855

pcthsp 5883.96 1827.01 3.22 0.001 2302.98 9464.936

pctrnt -525.42 31.41 -16.73 0.000 -586.993 -463.846

medinc90 -0.13 0.07 -1.85 0.065 -0.27194 0.008186

sfzone 2448.05 695.68 3.52 0.000 1084.502 3811.602

mc100 54764.08 3322.97 16.48 0.000 48250.98 61277.17

mc200 38933.69 11328.08 3.44 0.001 16730.4 61136.99

mc300 130621.20 3644.68 35.84 0.000 123477.6 137764.9

mc400 14470.28 2232.24 6.48 0.000 10095.04 18845.53

mc500 53151.02 7014.83 7.58 0.000 39401.79 66900.25

mc600 -8185.17 9837.42 -0.83 0.405 -27466.7 11096.41

mc700 75912.76 12254.41 6.19 0.000 51893.82 99931.7

mc800 -5645.12 5948.80 -0.95 0.343 -17304.9 6014.667

mc900 -9420.79 4236.94 -2.22 0.026 -17725.3 -1116.28

mc1000 409.76 3053.28 0.13 0.893 -5574.74 6394.257

mc1100 6186.24 17768.99 0.35 0.728 -28641.4 41013.88

mc1200 288766.30 20094.70 14.37 0.000 249380.3 328152.4

mc1300 (dropped)      

mc1400 7611.92 8096.90 0.94 0.347 -8258.2 23482.03

mc1500 89.38 19854.69 0.00 0.996 -38826.3 39005.03

mc1600 6992.46 4151.49 1.68 0.092 -1144.56 15129.48

mc1700 (dropped)      

mc1800 -23500.53 22875.19 -1.03 0.304 -68336.4 21335.38

mc1900 71586.63 12669.79 5.65 0.000 46753.53 96419.72

mc2000 84757.67 3106.84 27.28 0.000 78668.19 90847.15

mc2100 (dropped)      

mc2200 -37060.13 28017.25 -1.32 0.186 -91974.6 17854.34

mc2300 37959.64 39664.14 0.96 0.339 -39783 115702.3

mc2400 309701.80 8321.16 37.22 0.000 293392.1 326011.5

mc2500 -25061.03 17661.65 -1.42 0.156 -59678.3 9556.223

mc2600 (dropped)      

mc2700 9802.842 2273.77 4.31 0.000 5346.209 14259.47

mc2800 201644.9 5806.91 34.73 0.000 190263.3 213026.6

mc2900 (dropped)      

mc3100 173305 5762.90 30.07 0.000 162009.6 184600.4

mc3200 12928.93 1814.94 7.12 0.000 9371.603 16486.26

z -11299.03 3584.88 -3.15 0.002 -18325.5 -4272.58

z2 3972.434 558.73 7.11 0.000 2877.307 5067.561

sin1 1040.499 622.04 1.67 0.094 -178.72 2259.719

sin2 -503.4399 387.94 -1.30 0.194 -1263.8 256.9233

cos1 -11854.68 2228.92 -5.32 0.000 -16223.4 -7485.95

cos2 -5169.138 591.49 -8.74 0.000 -6328.47 -4009.81

_cons -3330857 1623049.00 -2.05 0.040 -6512071 -149643
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Table A.5: New Hedonic Index Using Month-Year Dummy Variables 
Source SS df MS Number of obs = 39792

Model 2.9035E+14 244 1.1899E+12 F(244, 39547) = 771.24

Residual 6.1017E+13 39547 1.5429E+09 Prob > F = 0.0000

Total 3.5136E+14 39791 8.8302E+09 R-squared = 0.8263

    Adj R-squared = 0.8253

    Root MSE = 39280

       

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

bed 1340.29 1443.24 0.93 0.353 -1488.487 4169.062

bath -40087.95 2204.99 -18.18 0.000 -44409.78 -35766.12

lot_acres 19417.14 5776.57 3.36 0.001 8094.926 30739.35

lot_acres2 -4225.58 1361.51 -3.10 0.002 -6894.179 -1556.982

bldg_sqf -5.39 1.91 -2.82 0.005 -9.128237 -1.642072

sqft2 0.02 0.00 39.75 0.000 0.0158354 0.0174779

bed2 -30.53 53.11 -0.57 0.565 -134.6263 73.57535

bath2 10745.62 383.38 28.03 0.000 9994.192 11497.05

lotfeet 0.00 0.00 1.42 0.156 -0.0000154 0.0000961

feetbed -2.12 0.54 -3.94 0.000 -3.16903 -1.064076

distA 2.11 0.23 9.26 0.000 1.659637 2.550989

distA2 0.00 0.00 -2.22 0.026 -0.0004767 -0.0000298

distB 1.21 0.24 5.08 0.000 0.7445103 1.679178

distC -1.62 0.09 -17.12 0.000 -1.802402 -1.432082

distD 2.55 0.10 25.25 0.000 2.349397 2.744898

distE -0.04 0.11 -0.35 0.727 -0.2546978 0.177706

distF 0.18 0.13 1.46 0.144 -0.0628556 0.4301448

distG 1.79 0.14 12.73 0.000 1.512318 2.062945

distH 0.07 0.12 0.58 0.561 -0.1657664 0.3053786

distB2 (dropped)      

distC2 (dropped)      

distD2 (dropped)      

distE2 (dropped)      

distF2 0.00 0.00 -1.77 0.076 -0.0003162 0.0000157

distG2 0.00 0.00 1.91 0.057 -7.40E-06 0.000534

distH2 0.00 0.00 1.92 0.055 -2.50E-06 0.0002345

pctblk 214.94 35.17 6.11 0.000 146.0137 283.8654

pcthsp 4262.17 1924.24 2.21 0.027 490.6121 8033.719

pctrnt -536.96 31.65 -16.96 0.000 -598.9996 -474.9151

medinc90 -0.13 0.07 -1.76 0.078 -0.2667843 0.014253

sfzone 2512.05 697.85 3.60 0.000 1144.244 3879.86

mc100 54662.35 3319.79 16.47 0.000 48155.48 61169.21

mc200 37007.97 11318.05 3.27 0.001 14824.33 59191.62

mc300 130332.20 3644.45 35.76 0.000 123189 137475.4

mc400 13361.46 2238.90 5.97 0.000 8973.168 17749.75

mc500 52563.98 7011.64 7.50 0.000 38820.99 66306.96

mc600 -8673.87 9830.04 -0.88 0.378 -27940.97 10593.24

mc700 74702.38 12234.81 6.11 0.000 50721.86 98682.91

mc800 -5625.95 5966.92 -0.94 0.346 -17321.25 6069.35

mc900 -9119.04 4234.37 -2.15 0.031 -17418.5 -819.5815

mc1000 -438.48 3064.12 -0.14 0.886 -6444.226 5567.267
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Table A.5: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

mc1100 2825.72 17744.09 0.16 0.873 -31953.13 37604.57

mc1200 290770.30 20067.74 14.49 0.000 251437 330103.6

mc1300 (dropped)      

mc1400 7856.71 8094.54 0.97 0.332 -8008.776 23722.19

mc1500 -2451.68 19818.26 -0.12 0.902 -41295.94 36392.57

mc1600 7538.82 4152.54 1.82 0.069 -600.2674 15677.9

mc1700 (dropped)      

mc1800 -23602.18 22830.80 -1.03 0.301 -68351.09 21146.73

mc1900 72535.62 12665.42 5.73 0.000 47711.1 97360.15

mc2000 84745.41 3102.94 27.31 0.000 78663.59 90827.24

mc2100 (dropped)      

mc2200 -37272.64 27985.85 -1.33 0.183 -92125.58 17580.29

mc2300 37740.28 39596.40 0.95 0.341 -39869.61 115350.2

mc2400 312683.80 8329.82 37.54 0.000 296357.2 329010.5

mc2500 -24262.89 17641.49 -1.38 0.169 -58840.63 10314.84

mc2600 (dropped)      

mc2700 8726.16 2283.27 3.82 0.000 4250.899 13201.43

mc2800 200727.50 5804.25 34.58 0.000 189351 212104

mc2900 (dropped)      

mc3100 173365.80 5771.92 30.04 0.000 162052.7 184678.9

mc3200 12260.10 1819.31 6.74 0.000 8694.214 15825.99

Feb-85 -71.65 7118.42 -0.01 0.992 -14023.92 13880.62

Mar-85 -89.52 6868.49 -0.01 0.990 -13551.93 13372.88

Apr-85 9175.50 6525.97 1.41 0.160 -3615.553 21966.56

May-85 3952.18 7047.58 0.56 0.575 -9861.235 17765.6

Jun-85 9178.51 6435.96 1.43 0.154 -3436.113 21793.14

Jul-85 -5126.09 6609.110 -0.78 0.438 -18080.11 7827.919

Aug-85 11412.22 6661.278 1.71 0.087 -1644.046 24468.48

Sep-85 4476.56 7094.530 0.63 0.528 -9428.889 18382.01

Oct-85 11548.44 6494.357 1.78 0.075 -1180.655 24277.54

Nov-85 5616.43 6562.656 0.86 0.392 -7246.537 18479.39

Dec-85 12083.04 6307.115 1.92 0.055 -279.0524 24445.14

Jan-86 16323.28 6672.963 2.45 0.014 3244.109 29402.44

Feb-86 517.02 6589.304 0.08 0.937 -12398.17 13432.21

Mar-86 5234.07 6575.736 0.80 0.426 -7654.532 18122.67

Apr-86 1962.76 6380.455 0.31 0.758 -10543.08 14468.61

May-86 7187.22 6426.461 1.12 0.263 -5408.8 19783.24

Jun-86 10914.19 6323.608 1.73 0.084 -1480.237 23308.61

Jul-86 14359.83 6528.251 2.20 0.028 1564.3 27155.36

Aug-86 10693.85 6202.390 1.72 0.085 -1462.988 22850.68

Sep-86 9047.57 6176.156 1.46 0.143 -3057.839 21152.99

Oct-86 7792.38 6116.853 1.27 0.203 -4196.794 19781.56

Nov-86 9381.25 6294.526 1.49 0.136 -2956.173 21718.67

Dec-86 11300.69 5885.397 1.92 0.055 -234.8331 22836.2

Jan-87 8236.54 6311.871 1.30 0.192 -4134.883 20607.95

Feb-87 10078.38 6445.770 1.56 0.118 -2555.485 22712.24

Mar-87 16702.94 6194.267 2.70 0.007 4562.028 28843.85

Apr-87 13093.67 6149.162 2.13 0.033 1041.167 25146.18
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Table A.5: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

May-87 10259.39 6112.492 1.68 0.093 -1721.239 22240.02

Jun-87 13766.21 6214.687 2.22 0.027 1585.278 25947.15

Jul-87 16809.68 6208.378 2.71 0.007 4641.108 28978.25

Aug-87 16467.80 6237.990 2.64 0.008 4241.186 28694.41

Sep-87 19966.90 6061.182 3.29 0.001 8086.834 31846.96

Oct-87 16077.17 6096.758 2.64 0.008 4127.381 28026.96

Nov-87 17174.10 6061.171 2.83 0.005 5294.064 29054.14

Dec-87 15954.92 5882.021 2.71 0.007 4426.017 27483.82

Jan-88 12141.13 6273.704 1.94 0.053 -155.476 24437.74

Feb-88 6345.77 6224.258 1.02 0.308 -5853.921 18545.47

Mar-88 11081.26 6112.968 1.81 0.070 -900.2987 23062.83

Apr-88 10163.16 6075.763 1.67 0.094 -1745.478 22071.8

May-88 20418.02 6149.891 3.32 0.001 8364.091 32471.96

Jun-88 9793.33 6093.564 1.61 0.108 -2150.198 21736.86

Jul-88 23244.36 6067.179 3.83 0.000 11352.54 35136.17

Aug-88 15833.22 5910.945 2.68 0.007 4247.628 27418.81

Sep-88 24892.08 5940.142 4.19 0.000 13249.26 36534.9

Oct-88 22344.64 6134.310 3.64 0.000 10321.25 34368.04

Nov-88 16273.73 6048.125 2.69 0.007 4419.26 28128.2

Dec-88 20118.89 5781.590 3.48 0.001 8786.834 31450.94

Jan-89 30738.91 6130.098 5.01 0.000 18723.77 42754.05

Feb-89 20501.65 5953.267 3.44 0.001 8833.106 32170.2

Mar-89 28716.21 5754.258 4.99 0.000 17437.72 39994.69

Apr-89 14259.23 5904.160 2.42 0.016 2686.937 25831.53

May-89 26621.21 5903.683 4.51 0.000 15049.86 38192.57

Jun-89 26858.48 5873.882 4.57 0.000 15345.53 38371.43

Jul-89 27454.72 5897.967 4.65 0.000 15894.57 39014.88

Aug-89 26674.93 5776.376 4.62 0.000 15353.1 37996.77

Sep-89 22999.58 5948.514 3.87 0.000 11340.35 34658.81

Oct-89 29636.45 5808.183 5.10 0.000 18252.28 41020.63

Nov-89 27296.95 5888.795 4.64 0.000 15754.77 38839.13

Dec-89 25333.76 5672.123 4.47 0.000 14216.27 36451.26

Jan-90 24051.93 5932.311 4.05 0.000 12424.46 35679.4

Feb-90 24111.34 5812.861 4.15 0.000 12717.99 35504.69

Mar-90 25387.38 5800.965 4.38 0.000 14017.35 36757.41

Apr-90 31545.40 5814.215 5.43 0.000 20149.4 42941.4

May-90 35388.40 5728.780 6.18 0.000 24159.85 46616.94

Jun-90 30297.59 5787.298 5.24 0.000 18954.35 41640.84

Jul-90 26422.77 5900.784 4.48 0.000 14857.09 37988.45

Aug-90 29779.34 5768.535 5.16 0.000 18472.87 41085.81

Sep-90 24075.65 5921.366 4.07 0.000 12469.63 35681.67

Oct-90 29956.60 5875.144 5.10 0.000 18441.17 41472.02

Nov-90 35025.77 5921.135 5.92 0.000 23420.2 46631.33

Dec-90 32805.20 5870.537 5.59 0.000 21298.8 44311.59

Jan-91 29560.42 6168.917 4.79 0.000 17469.2 41651.64

Feb-91 26836.99 5990.583 4.48 0.000 15095.31 38578.68

Mar-91 28935.13 5908.159 4.90 0.000 17355 40515.27

Apr-91 33531.28 5905.022 5.68 0.000 21957.29 45105.26
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Table A.5: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

May-91 35882.85 5858.249 6.13 0.000 24400.54 47365.16

Jun-91 38474.82 5875.173 6.55 0.000 26959.34 49990.29

Jul-91 33636.60 6004.909 5.60 0.000 21866.83 45406.36

Aug-91 36041.24 5906.406 6.10 0.000 24464.54 47617.93

Sep-91 28837.41 6034.301 4.78 0.000 17010.03 40664.78

Oct-91 33231.29 5877.111 5.65 0.000 21712.01 44750.57

Nov-91 30407.63 6028.434 5.04 0.000 18591.76 42223.51

Dec-91 30284.14 5743.856 5.27 0.000 19026.04 41542.23

Jan-92 17924.78 6181.011 2.90 0.004 5809.85 30039.71

Feb-92 36376.15 6105.577 5.96 0.000 24409.07 48343.23

Mar-92 26612.27 5955.544 4.47 0.000 14939.27 38285.28

Apr-92 37794.96 6003.260 6.30 0.000 26028.43 49561.49

May-92 32836.05 6088.160 5.39 0.000 20903.11 44768.99

Jun-92 32667.77 5908.362 5.53 0.000 21087.24 44248.3

Jul-92 30455.94 5998.915 5.08 0.000 18697.93 42213.96

Aug-92 27713.07 6377.699 4.35 0.000 15212.63 40213.51

Sep-92 26549.86 6600.919 4.02 0.000 13611.9 39487.82

Oct-92 27511.00 6392.819 4.30 0.000 14980.92 40041.08

Nov-92 20800.81 6025.029 3.45 0.001 8991.606 32610.01

Dec-92 29583.30 5869.673 5.04 0.000 18078.6 41088

Jan-93 58737.96 6344.075 9.26 0.000 46303.42 71172.5

Feb-93 27527.95 6058.108 4.54 0.000 15653.91 39401.98

Mar-93 46152.47 5890.621 7.83 0.000 34606.72 57698.23

Apr-93 36214.27 5873.499 6.17 0.000 24702.07 47726.46

May-93 32376.39 6029.661 5.37 0.000 20558.11 44194.67

Jun-93 32396.37 5785.228 5.60 0.000 21057.18 43735.55

Jul-93 36811.61 5845.061 6.30 0.000 25355.15 48268.07

Aug-93 39664.41 5782.729 6.86 0.000 28330.12 50998.7

Sep-93 40820.11 5748.306 7.10 0.000 29553.29 52086.93

Oct-93 37653.13 5761.071 6.54 0.000 26361.29 48944.96

Nov-93 39148.57 5758.073 6.80 0.000 27862.61 50434.53

Dec-93 41111.76 5653.852 7.27 0.000 30030.07 52193.44

Jan-94 46265.81 5791.559 7.99 0.000 34914.22 57617.41

Feb-94 41142.37 5856.665 7.02 0.000 29663.17 52621.57

Mar-94 40135.47 5686.177 7.06 0.000 28990.43 51280.52

Apr-94 42646.38 5712.919 7.46 0.000 31448.92 53843.84

May-94 44101.54 5778.243 7.63 0.000 32776.04 55427.03

Jun-94 43139.84 5779.216 7.46 0.000 31812.43 54467.24

Jul-94 46109.35 5817.598 7.93 0.000 34706.72 57511.98

Aug-94 46765.77 5742.060 8.14 0.000 35511.2 58020.35

Sep-94 48933.30 5770.652 8.48 0.000 37622.69 60243.92

Oct-94 47573.22 5873.064 8.10 0.000 36061.87 59084.57

Nov-94 48913.86 5797.554 8.44 0.000 37550.52 60277.21

Dec-94 49789.39 5722.795 8.70 0.000 38572.57 61006.2

Jan-95 59272.57 6033.481 9.82 0.000 47446.8 71098.34

Feb-95 50096.41 6019.534 8.32 0.000 38297.98 61894.84

Mar-95 51667.84 5870.615 8.80 0.000 40161.29 63174.38

Apr-95 48195.17 5957.928 8.09 0.000 36517.48 59872.85
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Table A.5: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

May-95 48647.35 5843.842 8.32 0.000 37193.28 60101.42

Jun-95 51504.41 5847.635 8.81 0.000 40042.91 62965.92

Jul-95 51647.56 5991.856 8.62 0.000 39903.38 63391.74

Aug-95 53107.52 5815.787 9.13 0.000 41708.44 64506.6

Sep-95 52399.98 5802.850 9.03 0.000 41026.26 63773.71

Oct-95 52007.56 5758.185 9.03 0.000 40721.38 63293.74

Nov-95 54768.17 5764.394 9.50 0.000 43469.82 66066.52

Dec-95 53001.70 5699.114 9.30 0.000 41831.3 64172.1

Jan-96 59066.76 6013.544 9.82 0.000 47280.07 70853.45

Feb-96 63482.61 5914.309 10.73 0.000 51890.43 75074.8

Mar-96 57796.39 5795.633 9.97 0.000 46436.81 69155.97

Apr-96 63792.94 5770.392 11.06 0.000 52482.84 75103.05

May-96 61428.44 5743.006 10.70 0.000 50172.01 72684.87

Jun-96 64070.81 5795.899 11.05 0.000 52710.71 75430.91

Jul-96 64402.60 5781.880 11.14 0.000 53069.98 75735.23

Aug-96 63046.61 5726.599 11.01 0.000 51822.34 74270.88

Sep-96 65224.15 5806.177 11.23 0.000 53843.9 76604.4

Oct-96 64406.57 5768.578 11.17 0.000 53100.02 75713.12

Nov-96 62191.30 5840.330 10.65 0.000 50744.12 73638.49

Dec-96 65291.40 5695.146 11.46 0.000 54128.78 76454.02

Jan-97 63220.47 5884.988 10.74 0.000 51685.75 74755.19

Feb-97 63870.07 5807.070 11.00 0.000 52488.08 75252.07

Mar-97 67798.71 5798.659 11.69 0.000 56433.2 79164.22

Apr-97 61695.80 5769.877 10.69 0.000 50386.71 73004.9

May-97 63071.06 5855.918 10.77 0.000 51593.32 74548.8

Jun-97 67114.29 5781.515 11.61 0.000 55782.38 78446.2

Jul-97 68600.83 5865.386 11.70 0.000 57104.53 80097.12

Aug-97 72059.72 5785.358 12.46 0.000 60720.28 83399.16

Sep-97 67938.25 5904.236 11.51 0.000 56365.81 79510.7

Oct-97 68748.89 5893.430 11.67 0.000 57197.63 80300.16

Nov-97 70965.30 5975.597 11.88 0.000 59252.98 82677.61

Dec-97 69099.88 5789.478 11.94 0.000 57752.37 80447.4

Jan-98 70095.13 6175.089 11.35 0.000 57991.81 82198.45

Feb-98 69698.87 6067.578 11.49 0.000 57806.28 81591.47

Mar-98 73924.76 5791.614 12.76 0.000 62573.06 85276.46

Apr-98 81013.68 5775.244 14.03 0.000 69694.06 92333.3

May-98 71278.72 5852.108 12.18 0.000 59808.45 82748.99

Jun-98 71072.03 5837.904 12.17 0.000 59629.6 82514.46

Jul-98 66017.68 5827.262 11.33 0.000 54596.1 77439.25

Aug-98 70170.66 5811.086 12.08 0.000 58780.79 81560.53

Sep-98 67904.39 5920.219 11.47 0.000 56300.62 79508.16

Oct-98 70749.49 5969.918 11.85 0.000 59048.31 82450.67

Nov-98 73065.71 5777.098 12.65 0.000 61742.45 84388.96

Dec-98 69775.56 5828.540 11.97 0.000 58351.48 81199.64

Jan-99 73170.19 6131.776 11.93 0.000 61151.77 85188.62

Feb-99 81541.92 6016.545 13.55 0.000 69749.35 93334.49

Mar-99 73831.71 5951.366 12.41 0.000 62166.89 85496.53

Apr-99 72621.19 5873.774 12.36 0.000 61108.45 84133.92
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Table A.5: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

May-99 88148.64 6092.872 14.47 0.000 76206.46 100090.8

Jun-99 80168.58 5962.066 13.45 0.000 68482.79 91854.37

Jul-99 77781.26 5894.384 13.20 0.000 66228.13 89334.39

Aug-99 76283.87 5882.228 12.97 0.000 64754.56 87813.18

Sep-99 75012.30 5942.277 12.62 0.000 63365.3 86659.31

Oct-99 77217.53 5944.760 12.99 0.000 65565.66 88869.4

Nov-99 76285.81 5945.849 12.83 0.000 64631.8 87939.81

Dec-99 81354.73 5780.032 14.08 0.000 70025.73 92683.73

Jan-00 80078.11 6353.084 12.60 0.000 67625.91 92530.3

Feb-00 89250.95 6039.081 14.78 0.000 77414.2 101087.7

Mar-00 80155.14 6064.938 13.22 0.000 68267.72 92042.57

Apr-00 104008.5 6151.542 16.91 0.000 91951.34 116065.7

May-00 91711.5 5881.584 15.59 0.000 80183.45 103239.5

Jun-00 93130.34 5942.332 15.67 0.000 81483.22 104777.4

Jul-00 86240.52 6130.753 14.07 0.000 74224.1 98256.95

Aug-00 91043.12 6009.382 15.15 0.000 79264.59 102821.7

Sep-00 94558.2 6022.908 15.70 0.000 82753.16 106363.2

Oct-00 88475.44 6124.521 14.45 0.000 76471.23 100479.6

Nov-00 86280 6028.783 14.31 0.000 74463.44 98096.56

Dec-00 90144.24 5962.798 15.12 0.000 78457.02 101831.5

_cons -3397254 1624026 -2.09 0.036 -6580383 -214124.5

 
 

Table A.6: Existing Hedonic Index using Fourier Expansion Terms 
Source SS df MS Number of obs = 107376

Model 1.0497E+15 68 1.5437E+13 F(68,107307) = 6.01E+03

Residual 2.7584E+14 107307 2.5706E+09 Prob > F = 0.0000

Total 1.3255E+15 107375 1.2345E+10 R-squared = 0.7919

    Adj R-squared = 0.7918

    Root MSE = 50701

       

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

bed 23615.87 1053.309 22.42 0.000 21551.4 25680.34 

bath -20088.38 940.7694 -21.35 0.000 -21932.28 -18244.5 

lot_acres 109772.9 2572.107 42.68 0.000 104731.6 114814.2 

lot_acres2 -15352.84 513.4923 -29.90 0.000 -16359.28 -14346.4 

age -1396.254 41.31351 -33.80 0.000 -1477.228 -1315.28 

bldg_sqf -13.57095 1.15886 -11.71 0.000 -15.8423 -11.2996 

sqft2 0.0154781 0.0002335 66.30 0.000 0.0150206 0.015936 

bed2 -3906.12 188.0958 -20.77 0.000 -4274.785 -3537.45 

bath2 7198.174 195.2338 36.87 0.000 6815.518 7580.829 

age2 12.13069 0.5766031 21.04 0.000 11.00056 13.26083 

lotfeet 0.00000403 0.0000121 0.33 0.738 -0.0000196 2.77E-05 

feetbed -0.0222366 0.3500133 -0.06 0.949 -0.7082578 0.663785 

distA 0.9555539 0.0899418 10.62 0.000 0.7792693 1.131838 

distA2 0.0015222 0.0000814 18.70 0.000 0.0013627 0.001682 

distB 1.28058 0.0871682 14.69 0.000 1.109731 1.451428 

distC -1.92657 0.0556049 -34.65 0.000 -2.035555 -1.81759 
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Table A.6: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

distD 2.598866 0.0619416 41.96 0.000 2.477462 2.720271 

distE -0.3889303 0.0713739 -5.45 0.000 -0.5288222 -0.24904 

distF 0.1521683 0.0633864 2.40 0.016 0.0279319 0.276405 

distG 3.081142 0.0855576 36.01 0.000 2.91345 3.248833 

distH 0.0524366 0.1010111 0.52 0.604 -0.1455437 0.250417 

distB2 (dropped)      

distC2 (dropped)      

distD2 (dropped)      

distE2 (dropped)      

distF2 0.0011689 0.0000604 19.35 0.000 0.0010505 0.001287 

distG2 -0.0018849 0.0000985 -19.14 0.000 -0.002078 -0.00169 

distH2 -0.0008195 0.0000432 -18.98 0.000 -0.0009042 -0.00073 

pctblk 275.5941 10.45809 26.35 0.000 255.0964 296.0918 

pcthsp 17744.7 691.4107 25.66 0.000 16389.55 19099.86 

pctrnt -377.6699 10.82725 -34.88 0.000 -398.8912 -356.449 

medinc90 0.1121768 0.0301874 3.72 0.000 0.0530099 0.171344 

sfzone 16530.07 608.8811 27.15 0.000 15336.67 17723.47 

mc100 19483.31 1014.485 19.21 0.000 17494.93 21471.69 

mc200 59947.29 1962.615 30.54 0.000 56100.59 63793.98 

mc300 108539.3 1038.871 104.48 0.000 106503.1 110575.5 

mc400 33415.98 1081.268 30.90 0.000 31296.71 35535.25 

mc500 67943.26 1652.882 41.11 0.000 64703.64 71182.89 

mc600 6460.144 1007.949 6.41 0.000 4484.577 8435.711 

mc700 12394.11 1171.435 10.58 0.000 10098.11 14690.1 

mc800 5124.708 2343.256 2.19 0.029 531.9593 9717.458 

mc900 -16026.78 1704.492 -9.40 0.000 -19367.56 -12686 

mc1000 9557.026 2001.66 4.77 0.000 5633.801 13480.25 

mc1100 12391.19 1472.612 8.41 0.000 9504.888 15277.49 

mc1200 167659 6180.776 27.13 0.000 155544.7 179773.2 

mc1300 98218.87 4546.609 21.60 0.000 89307.58 107130.2 

mc1400 29126.51 2711.46 10.74 0.000 23812.08 34440.93 

mc1500 19283.04 2355.254 8.19 0.000 14666.77 23899.3 

mc1600 -10405.53 4064.043 -2.56 0.010 -18371 -2440.07 

mc1700 -3681.24 2591.544 -1.42 0.155 -8760.629 1398.149 

mc1800 -15275.15 2850.2 -5.36 0.000 -20861.5 -9688.8 

mc1900 131249.7 5066.397 25.91 0.000 121319.6 141179.7 

mc2000 17938.52 1271.189 14.11 0.000 15447.01 20430.04 

mc2100 (dropped)      

mc2200 11771.91 19199.11 0.61 0.540 -25858.07 49401.89 

mc2300 48079.39 3835.798 12.53 0.000 40561.27 55597.5 

mc2400 141438.4 3693.35 38.30 0.000 134199.5 148677.3 

mc2500 1684.959 2672.15 0.63 0.528 -3552.418 6922.335 

mc2600 62363.75 3960.534 15.75 0.000 54601.16 70126.35 

mc2700 10961.56 2347.801 4.67 0.000 6359.902 15563.22 

mc2800 170766.9 9216.18 18.53 0.000 152703.3 188830.4 

mc2900 (dropped)      

mc3100 58987.67 4639.655 12.71 0.000 49894.01 68081.33 

mc3200 31848.98 1907.486 16.70 0.000 28110.33 35587.62 
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Table A.6: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

z -7637.625 5888.076 -1.30 0.195 -19178.17 3902.921 

z2 3855.107 918.6622 4.20 0.000 2054.542 5655.673 

sin1 5249.39 577.2277 9.09 0.000 4118.032 6380.748 

sin2 1969.129 351.7558 5.60 0.000 1279.693 2658.566 

sin3 -1130.089 296.6619 -3.81 0.000 -1711.542 -548.636 

sin4 1132.259 273.0971 4.15 0.000 596.9927 1667.526 

cos1 -11402.2 3688.83 -3.09 0.002 -18632.25 -4172.14 

cos2 -3726.884 940.8302 -3.96 0.000 -5570.898 -1882.87 

cos3 2499.685 469.0243 5.33 0.000 1580.404 3418.966 

cos4 -1125.352 318.9705 -3.53 0.000 -1750.529 -500.174 

_cons 21600000 1158703 18.68 0.000 1.94E+07 2.39E+07 

 
 
 

Table A.7: Existing Hedonic Index Using Month-Year Dummy Variables 
Source SS df MS Number of obs = 107376

Model 1.0509E+15 249 4.2205E+12 F(249,107126) = 1646.29

Residual 2.7463E+14 107126 2.5636E+09 Prob > F = 0

Total 1.3255E+15 107375 1.2345E+10 R-squared = 0.7928

    Adj R-squared = 0.7923

    Root MSE = 50632

       

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

bed 23558.42 1052.82 22.38 0.000 21494.9 25621.93 

bath -19986.38 940.43 -21.25 0.000 -21829.6 -18143.15 

lot_acres 110288.4 2571.32 42.89 0.000 105248.7 115328.2 

lot_acres2 -15440.5 513.29 -30.08 0.000 -16446.55 -14434.45 

age -1404.233 41.30 -34.00 0.000 -1485.18 -1323.286 

bldg_sqf -13.43902 1.16 -11.60 0.000 -15.70952 -11.16852 

sqft2 0.0154697 0.00 66.28 0.000 0.0150123 0.0159272 

bed2 -3893.386 188.02 -20.71 0.000 -4261.895 -3524.878 

bath2 7170.59 195.17 36.74 0.000 6788.064 7553.117 

age2 12.22246 0.58 21.21 0.000 11.09281 13.35211 

lotfeet 2.30E-06 0.00 0.19 0.849 -0.0000213 0.0000259 

feetbed -0.0352489 0.35 -0.10 0.920 -0.7209951 0.6504972 

distA 0.9667513 0.09 10.75 0.000 0.79053 1.142973 

distA2 0.0015297 0.00 18.81 0.000 0.0013703 0.0016891 

distB 1.274826 0.09 14.63 0.000 1.104065 1.445587 

distC -1.91009 0.06 -34.36 0.000 -2.019049 -1.801131 

distD 2.601418 0.06 42.02 0.000 2.480073 2.722763 

distE -0.3899663 0.07 -5.47 0.000 -0.5297889 -0.250144 

distF 0.1487049 0.06 2.35 0.019 0.0245301 0.2728797 

distG 3.087816 0.09 36.11 0.000 2.920195 3.255438 

distH 0.0593263 0.10 0.59 0.557 -0.1385395 0.2571922 

distB2 (dropped)      

distC2 (dropped)      

distD2 (dropped)      

distE2 (dropped)      
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Table A.7: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

distF2 0.0011749 0.00 19.46 0.000 0.0010565 0.0012932 

distG2 -0.0018944 0.00 -19.24 0.000 -0.0020873 -0.001701 

distH2 -0.0008237 0.00 -19.09 0.000 -0.0009083 -0.000739 

pctblk 274.2068 10.46 26.23 0.000 253.7148 294.6988 

pcthsp 17671.81 691.25 25.56 0.000 16316.96 19026.66 

pctrnt -379.1537 10.83 -35.00 0.000 -400.3854 -357.922 

medinc90 0.1104156 0.03 3.66 0.000 0.0512652 0.169566 

sfzone 16571.43 608.58 27.23 0.000 15378.61 17764.25 

mc100 19357.32 1014.01 19.09 0.000 17369.88 21344.77 

mc200 59417.6 1962.12 30.28 0.000 55571.88 63263.33 

mc300 108443.6 1038.28 104.45 0.000 106408.6 110478.6 

mc400 33348.75 1080.98 30.85 0.000 31230.06 35467.45 

mc500 67996.26 1652.05 41.16 0.000 64758.27 71234.24 

mc600 6441.924 1007.50 6.39 0.000 4467.239 8416.608 

mc700 12421.46 1170.91 10.61 0.000 10126.5 14716.42 

mc800 5187.597 2342.10 2.21 0.027 597.1056 9778.089 

mc900 -15894.36 1703.77 -9.33 0.000 -19233.72 -12555 

mc1000 9520.01 2000.59 4.76 0.000 5598.882 13441.14 

mc1100 12157.14 1471.97 8.26 0.000 9272.1 15042.19 

mc1200 167276 6177.20 27.08 0.000 155168.8 179383.2 

mc1300 97339.91 4544.25 21.42 0.000 88433.23 106246.6 

mc1400 28665.12 2710.43 10.58 0.000 23352.72 33977.53 

mc1500 19536.37 2353.92 8.30 0.000 14922.72 24150.02 

mc1600 -11148.91 4062.05 -2.74 0.006 -19110.47 -3187.347 

mc1700 -4204.737 2590.06 -1.62 0.105 -9281.226 871.7519 

mc1800 -15501.73 2849.16 -5.44 0.000 -21086.05 -9917.409 

mc1900 130612.2 5065.66 25.78 0.000 120683.6 140540.8 

mc2000 17971.9 1270.55 14.14 0.000 15481.64 20462.15 

mc2100 (dropped)      

mc2200 11038.45 19191.73 0.58 0.565 -26577.07 48653.97 

mc2300 47518.14 3833.67 12.39 0.000 40004.2 55032.08 

mc2400 140336 3692.24 38.01 0.000 133099.3 147572.8 

mc2500 1551.245 2671.03 0.58 0.561 -3683.943 6786.433 

mc2600 62475.29 3959.05 15.78 0.000 54715.6 70234.97 

mc2700 11042.09 2346.09 4.71 0.000 6443.776 15640.4 

mc2800 170341.2 9211.60 18.49 0.000 152286.6 188395.9 

mc2900 (dropped)      

mc3100 58798.03 4636.96 12.68 0.000 49709.66 67886.4 

mc3200 31761.79 1906.37 16.66 0.000 28025.33 35498.24 

Feb-85 8344.358 5494.06 1.52 0.129 -2423.92 19112.64 

Mar-85 11216.19 5033.74 2.23 0.026 1350.136 21082.24 

Apr-85 2286.625 5015.01 0.46 0.648 -7542.722 12115.97 

May-85 9022.174 4996.97 1.81 0.071 -771.8216 18816.17 

Jun-85 10401.05 4942.18 2.10 0.035 714.436 20087.66 

Jul-85 7566.142 5000.54 1.51 0.130 -2234.848 17367.13 

Aug-85 2192.934 4848.17 0.45 0.651 -7309.415 11695.28 

Sep-85 3131.822 5188.39 0.60 0.546 -7037.354 13301 

Oct-85 6496.595 4876.15 1.33 0.183 -3.06E+03 16053.78 
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Table A.7: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

Nov-85 10030.27 5173.396 1.94 0.053 -109.5184 20170.05 

Dec-85 8596.82 4819.840 1.78 0.074 -849.9969 18043.64 

Jan-86 15398.92 5245.547 2.94 0.003 5117.718 25680.12 

Feb-86 9231.76 5291.046 1.74 0.081 -1138.62 19602.13 

Mar-86 2544.32 5149.258 0.49 0.621 -7548.157 12636.79 

Apr-86 10453.28 5033.975 2.08 0.038 586.7601 20319.8 

May-86 6908.35 4958.424 1.39 0.164 -2810.09 16626.8 

Jun-86 4702.94 4777.202 0.98 0.325 -4660.306 14066.19 

Jul-86 10483.84 4807.685 2.18 0.029 1060.847 19906.84 

Aug-86 9721.28 4765.685 2.04 0.041 380.6008 19061.95 

Sep-86 10968.16 4714.013 2.33 0.020 1728.756 20207.56 

Oct-86 11019.31 4637.045 2.38 0.017 1930.762 20107.85 

Nov-86 10707.20 4856.505 2.20 0.027 1188.514 20225.88 

Dec-86 9499.90 4472.911 2.12 0.034 733.0612 18266.75 

Jan-87 12071.88 4965.552 2.43 0.015 2339.466 21804.29 

Feb-87 18103.41 4901.811 3.69 0.000 8495.93 27710.89 

Mar-87 15781.61 4733.722 3.33 0.001 6503.576 25059.64 

Apr-87 12429.39 4713.997 2.64 0.008 3190.019 21668.76 

May-87 8922.68 4698.944 1.90 0.058 -287.1882 18132.54 

Jun-87 12514.76 4576.403 2.73 0.006 3545.071 21484.44 

Jul-87 14730.46 4695.065 3.14 0.002 5528.203 23932.73 

Aug-87 12552.79 4627.430 2.71 0.007 3483.094 21622.49 

Sep-87 15921.68 4689.501 3.40 0.001 6730.32 25113.03 

Oct-87 12624.71 4649.802 2.72 0.007 3511.165 21738.26 

Nov-87 17826.37 4797.534 3.72 0.000 8423.272 27229.47 

Dec-87 17895.22 4590.970 3.90 0.000 8896.987 26893.46 

Jan-88 25080.60 5154.248 4.87 0.000 14978.35 35182.85 

Feb-88 22953.41 4969.334 4.62 0.000 13213.59 32693.24 

Mar-88 19947.38 4855.822 4.11 0.000 10430.04 29464.72 

Apr-88 12658.39 4770.674 2.65 0.008 3307.933 22008.84 

May-88 21170.81 4708.642 4.50 0.000 11941.93 30399.68 

Jun-88 19170.33 4586.816 4.18 0.000 10180.23 28160.43 

Jul-88 22764.42 4779.344 4.76 0.000 13396.97 32131.87 

Aug-88 23604.57 4626.216 5.10 0.000 14537.25 32671.89 

Sep-88 25006.14 4706.440 5.31 0.000 15781.58 34230.69 

Oct-88 19548.97 4761.837 4.11 0.000 10215.84 28882.11 

Nov-88 24428.75 4795.867 5.09 0.000 15028.91 33828.58 

Dec-88 27769.69 4617.021 6.01 0.000 18720.39 36818.98 

Jan-89 31694.07 5046.276 6.28 0.000 21803.44 41584.7 

Feb-89 29041.13 5038.808 5.76 0.000 19165.13 38917.12 

Mar-89 32521.23 4740.803 6.86 0.000 23229.32 41813.14 

Apr-89 25821.89 4830.255 5.35 0.000 16354.66 35289.13 

May-89 26757.96 4807.846 5.57 0.000 17334.65 36181.27 

Jun-89 30276.82 4661.636 6.49 0.000 21140.08 39413.56 

Jul-89 31415.92 4798.629 6.55 0.000 22010.67 40821.16 

Aug-89 28096.98 4659.985 6.03 0.000 18963.48 37230.49 

Sep-89 26060.16 4757.811 5.48 0.000 16734.92 35385.4 

Oct-89 29039.97 4700.819 6.18 0.000 19826.42 38253.51 
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Table A.7: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

Nov-89 31133.68 4744.575 6.56 0.000 21834.38 40432.98 

Dec-89 33248.51 4593.467 7.24 0.000 24245.38 42251.64 

Jan-90 34111.36 5112.762 6.67 0.000 24090.42 44132.31 

Feb-90 32162.24 4905.194 6.56 0.000 22548.13 41776.35 

Mar-90 31785.23 4744.829 6.70 0.000 22485.44 41085.03 

Apr-90 35944.22 4837.866 7.43 0.000 26462.07 45426.37 

May-90 34658.93 4738.613 7.31 0.000 25371.31 43946.54 

Jun-90 35244.53 4667.371 7.55 0.000 26096.55 44392.51 

Jul-90 33173.81 4753.198 6.98 0.000 23857.61 42490.02 

Aug-90 33054.27 4634.167 7.13 0.000 23971.37 42137.17 

Sep-90 33507.25 4885.132 6.86 0.000 23932.46 43082.04 

Oct-90 32216.97 4773.071 6.75 0.000 22861.82 41572.13 

Nov-90 35573.94 4857.077 7.32 0.000 26054.14 45093.75 

Dec-90 35515.27 4677.510 7.59 0.000 26347.42 44683.13 

Jan-91 34255.91 5113.246 6.70 0.000 24234.02 44277.8 

Feb-91 33022.52 5104.400 6.47 0.000 23017.97 43027.07 

Mar-91 37520.47 4939.540 7.60 0.000 27839.04 47201.9 

Apr-91 35262.86 4753.558 7.42 0.000 25945.95 44579.77 

May-91 29402.07 4650.642 6.32 0.000 20286.88 38517.26 

Jun-91 38205.33 4575.379 8.35 0.000 29237.65 47173.01 

Jul-91 34583.51 4713.011 7.34 0.000 25346.08 43820.95 

Aug-91 33969.58 4749.505 7.15 0.000 24660.62 43278.54 

Sep-91 36531.75 4791.948 7.62 0.000 27139.6 45923.9 

Oct-91 32921.34 4795.798 6.86 0.000 23521.64 42321.03 

Nov-91 34810.71 4859.625 7.16 0.000 25285.91 44335.51 

Dec-91 31950.71 4658.825 6.86 0.000 22819.48 41081.95 

Jan-92 37845.07 5154.716 7.34 0.000 27741.9 47948.24 

Feb-92 38463.98 5043.117 7.63 0.000 28579.54 48348.42 

Mar-92 42954.16 4659.041 9.22 0.000 33822.51 52085.82 

Apr-92 38485.01 4557.588 8.44 0.000 29552.2 47417.81 

May-92 37851.36 4605.029 8.22 0.000 28825.57 46877.15 

Jun-92 37654.29 4535.174 8.30 0.000 28765.41 46543.17 

Jul-92 40670.40 4568.034 8.90 0.000 31717.12 49623.68 

Aug-92 40276.00 4863.205 8.28 0.000 30744.19 49807.82 

Sep-92 34961.88 4818.064 7.26 0.000 25518.54 44405.22 

Oct-92 26925.64 4627.333 5.82 0.000 17856.13 35995.14 

Nov-92 24295.87 4439.673 5.47 0.000 15594.17 32997.57 

Dec-92 24904.99 4260.731 5.85 0.000 16554.01 33255.96 

Jan-93 24122.50 4480.415 5.38 0.000 15340.95 32904.05 

Feb-93 32146.01 4456.965 7.21 0.000 23410.42 40881.6 

Mar-93 34110.52 4345.362 7.85 0.000 25593.67 42627.37 

Apr-93 37669.06 4360.533 8.64 0.000 29122.48 46215.64 

May-93 43686.06 4426.749 9.87 0.000 35009.7 52362.43 

Jun-93 47159.92 4332.179 10.89 0.000 38668.91 55650.93 

Jul-93 46418.07 4371.256 10.62 0.000 37850.47 54985.67 

Aug-93 47951.08 4372.680 10.97 0.000 39380.68 56521.47 

Sep-93 49813.18 4427.192 11.25 0.000 41135.94 58490.41 

Oct-93 47856.26 4437.605 10.78 0.000 39158.62 56553.9 
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Table A.7: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

Nov-93 57100.78 4456.257 12.81 0.000 48366.57 65834.98 

Dec-93 51939.75 4353.388 11.93 0.000 43407.17 60472.33 

Jan-94 50564.01 4579.499 11.04 0.000 41588.25 59539.76 

Feb-94 54776.40 4618.651 11.86 0.000 45723.91 63828.89 

Mar-94 49962.57 4407.554 11.34 0.000 41323.83 58601.32 

Apr-94 55142.29 4407.094 12.51 0.000 46504.44 63780.13 

May-94 56259.83 4384.992 12.83 0.000 47665.31 64854.36 

Jun-94 56735.32 4371.048 12.98 0.000 48168.12 65302.51 

Jul-94 55084.30 4448.720 12.38 0.000 46364.87 63803.73 

Aug-94 56026.07 4388.462 12.77 0.000 47424.74 64627.39 

Sep-94 53978.02 4495.006 12.01 0.000 45167.87 62788.17 

Oct-94 55585.48 4499.039 12.35 0.000 46767.42 64403.53 

Nov-94 56853.69 4540.739 12.52 0.000 47953.91 65753.48 

Dec-94 55018.95 4369.834 12.59 0.000 46454.13 63583.76 

Jan-95 60371.69 4777.200 12.64 0.000 51008.44 69734.94 

Feb-95 56404.11 4661.664 12.10 0.000 47267.31 65540.9 

Mar-95 55635.81 4483.482 12.41 0.000 46848.25 64423.37 

Apr-95 57494.28 4567.572 12.59 0.000 48541.9 66446.66 

May-95 60923.60 4443.706 13.71 0.000 52214 69633.21 

Jun-95 61285.20 4355.368 14.07 0.000 52748.74 69821.66 

Jul-95 60671.09 4420.855 13.72 0.000 52006.28 69335.9 

Aug-95 64344.18 4373.698 14.71 0.000 55771.79 72916.57 

Sep-95 60414.61 4465.973 13.53 0.000 51661.36 69167.85 

Oct-95 60365.71 4405.461 13.70 0.000 51731.07 69000.36 

Nov-95 62023.84 4435.501 13.98 0.000 53330.32 70717.36 

Dec-95 60538.15 4375.118 13.84 0.000 51962.98 69113.32 

Jan-96 58793.73 4653.762 12.63 0.000 49672.43 67915.04 

Feb-96 61916.23 4576.900 13.53 0.000 52945.57 70886.89 

Mar-96 64589.71 4406.389 14.66 0.000 55953.25 73226.17 

Apr-96 63114.63 4380.152 14.41 0.000 54529.6 71699.67 

May-96 65650.16 4342.796 15.12 0.000 57138.34 74161.98 

Jun-96 64995.80 4392.958 14.80 0.000 56385.66 73605.93 

Jul-96 65033.19 4345.955 14.96 0.000 56515.18 73551.2 

Aug-96 64738.80 4371.386 14.81 0.000 56170.94 73306.65 

Sep-96 61717.08 4397.950 14.03 0.000 53097.16 70337 

Oct-96 61539.46 4394.553 14.00 0.000 52926.2 70152.72 

Nov-96 65767.99 4432.278 14.84 0.000 57080.79 74455.2 

Dec-96 64237.78 4318.444 14.88 0.000 55773.69 72701.87 

Jan-97 64924.32 4549.017 14.27 0.000 56008.31 73840.33 

Feb-97 67922.18 4524.530 15.01 0.000 59054.16 76790.19 

Mar-97 67098.96 4404.882 15.23 0.000 58465.45 75732.46 

Apr-97 65485.55 4375.999 14.96 0.000 56908.65 74062.44 

May-97 66996.35 4351.199 15.40 0.000 58468.06 75524.64 

Jun-97 71057.50 4333.483 16.40 0.000 62563.93 79551.06 

Jul-97 70319.60 4344.181 16.19 0.000 61805.06 78834.13 

Aug-97 68202.11 4326.812 15.76 0.000 59721.62 76682.6 

Sep-97 69447.33 4349.232 15.97 0.000 60922.89 77971.76 

Oct-97 67285.54 4342.113 15.50 0.000 58775.06 75796.02 
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Table A.7: Continued 

saleamt Coef. Std. Err. t P>t [95% Conf. Interval] 

Nov-97 67735.96 4365.029 15.52 0.000 59180.56 76291.36 

Dec-97 67786.49 4263.463 15.90 0.000 59430.16 76142.82 

Jan-98 73042.35 4555.702 16.03 0.000 64113.24 81971.47 

Feb-98 73106.06 4436.480 16.48 0.000 64410.62 81801.5 

Mar-98 73122.00 4311.394 16.96 0.000 64671.72 81572.27 

Apr-98 76430.12 4266.290 17.91 0.000 68068.25 84791.99 

May-98 72414.86 4280.676 16.92 0.000 64024.8 80804.93 

Jun-98 80110.45 4216.660 19.00 0.000 71845.85 88375.04 

Jul-98 77704.14 4230.534 18.37 0.000 69412.36 85995.93 

Aug-98 77326.59 4256.536 18.17 0.000 68983.84 85669.35 

Sep-98 78139.16 4322.054 18.08 0.000 69667.99 86610.32 

Oct-98 76726.67 4261.238 18.01 0.000 68374.7 85078.64 

Nov-98 78163.95 4295.627 18.20 0.000 69744.58 86583.32 

Dec-98 78288.93 4235.369 18.48 0.000 69987.67 86590.2 

Jan-99 83308.27 4404.841 18.91 0.000 74674.84 91941.7 

Feb-99 78621.67 4349.494 18.08 0.000 70096.72 87146.61 

Mar-99 82291.18 4223.736 19.48 0.000 74012.72 90569.65 

Apr-99 83229.21 4222.804 19.71 0.000 74952.57 91505.84 

May-99 82912.20 4243.559 19.54 0.000 74594.88 91229.51 

Jun-99 87508.44 4186.871 20.90 0.000 79302.23 95714.65 

Jul-99 83694.81 4188.483 19.98 0.000 75485.44 91904.18 

Aug-99 86133.14 4214.003 20.44 0.000 77873.75 94392.53 

Sep-99 87158.71 4236.329 20.57 0.000 78855.56 95461.85 

Oct-99 87747.52 4255.313 20.62 0.000 79407.17 96087.88 

Nov-99 91757.35 4258.552 21.55 0.000 83410.64 100104 

Dec-99 88853.08 4203.629 21.14 0.000 80614.03 97092.14 

Jan-00 92836.31 4357.439 21.31 0.000 84295.79 101376.8 

Feb-00 93794.05 4268.312 21.97 0.000 85428.21 102159.9 

Mar-00 100829.70 4190.602 24.06 0.000 92616.18 109043.2 

Apr-00 97350.08 4217.415 23.08 0.000 89084 105616.2 

May-00 105447.30 4177.566 25.24 0.000 97259.31 113635.3 

Jun-00 102558.80 4168.579 24.60 0.000 94388.41 110729.1 

Jul-00 103887.10 4205.716 24.70 0.000 95643.94 112130.2 

Aug-00 102891.1 4181.123 24.61 0.000 94696.21 111086.1 

Sep-00 104623 4214.025 24.83 0.000 96363.6 112882.5 

Oct-00 104847.7 4186.948 25.04 0.000 96641.33 113054.1 

Nov-00 105485 4227.52 24.95 0.000 97199.12 113770.9 

Dec-00 107047 4180.969 25.60 0.000 98852.34 115241.6 

_cons 2.17E+07 1157936 18.78 0.000 1.95E+07 2.40E+07 
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