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I. Introduction 

An extensive body of research demonstrates that various types of growth management 

regulations can influence housing prices throughout a market.  The empirical analysis presented in this 

study focuses specifically on an adequate public facilities ordinance (APFO) adopted in Cabarrus County, 

North Carolina to generate additional revenue for the construction of public schools.  The analysis 

ōŜƎƛƴǎ ōȅ ǇǊƻǾƛŘƛƴƎ ōŀŎƪƎǊƻǳƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ !tCh ŀnd the 

implementation strategy adopted by local officials.  A review of relevant academic literature examining 

the relationship between housing prices and land use regulations is then presented.  Next, the parcel-

level data used to complete the study is described, followed by an explanation of the hedonic price 

models and difference-in-difference identification strategy developed to measure the housing price 

effects of the APFO.  The study concludes by summarizing the empirical results and discussing the 

potential policy implications.   

II. Background Information 

 /ŀōŀǊǊǳǎ /ƻǳƴǘȅ ƛǎ ƭƻŎŀǘŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ǘǿŜƭǾŜ ƳƛƭŜǎ ƴƻǊǘƘŜŀǎǘ ƻŦ /ƘŀǊƭƻǘǘŜΣ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ 

central business district.  Like many suburban counties throughout the region, it experienced significant 

population growth in the 1980s and 1990s.  A strong regional economy, good public schools, and 

relatively affordable housing made it an attractive option for homebuyers relocating to the area.  The 

influx of new residents provided numerous economic benefits, but ongoing population growth also 

created challenges for public officials responsible for providing infrastructure needed to support new 
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residential development.  The problem encouraged Cabarrus County to implement an APFO in 1998 to 

ensure concurrency between the construction of new housing and the availability of specified public 

services.1 /ƘŀǇǘŜǊ п {ŜŎǘƛƻƴ мт ƻŦ /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ {ǳōŘƛǾƛǎƛƻƴ hǊŘƛƴŀƴŎŜ ǿŀǎ ŀƳŜƴŘŜŘ ǘƻ ǎǘŀǘŜ ǘƘŜ 

following:  

ά¢ƻ ŜƴǎǳǊŜ ǇǳōƭƛŎ ƘŜŀƭǘƘΣ ǎŀŦŜǘȅ ŀƴŘ ǿŜƭŦŀǊŜ ǘƘŜ tƭŀƴƴƛƴƎ and Zoning Commission shall review 

each subdivision, multi-family development, and mobile home park to determine if public 

facilities are adequate to serve that development. The public facilities to be considered 

include, but are not limited to schools, fire and rescue, law enforcement and other county 

facilities.  Applicable state standards and guidelines shall be followed for determining whether 

facilities are adequate.  Facilities must be in place or programmed to be in place within two 

years of the preliminary approval to be considered adequate.  The Planning and Zoning 

/ƻƳƳƛǎǎƛƻƴ Ƴŀȅ ƎǊŀƴǘ ǇŀǊǘƛŀƭ ŀǇǇǊƻǾŀƭ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘǎ ōŀǎŜŘ ƻƴ ƭƛƳƛǘŜŘ ŀŘŜǉǳŀŎȅΦέ   

/ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ !tCh ŀǇǇŜŀǊŜŘ ǘƻ ŎǊŜŀǘŜ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ǊŜƎǳƭŀǘƻǊȅ ƘǳǊŘƭŜ ŦƻǊ ǊŜǎƛŘŜƴǘƛŀƭ 

developers, but the ordinance did not provide clear guidelines for implementation.  No procedures were 

outlined for evaluating existing infrastructure capacity and a funding mechanism was not put in place to 

pay for needed infrastructure improvements.  A great deal of discretion was left to the Board of County 

Commissioners, which ultimately decided to negotiate voluntary consent agreements with real estate 

developers to ensure adequate public schools were available to serve new residential subdivisions.     

 Voluntary consent agreements initially required real estate developers to contribute $500 for 

each single-family residential lot included in a proposed subdivision.2   All consent agreements were 

subject to an open public hearing before being approved by the County Manager and County Attorney.  

                                                           
1
 County officials cited rapid population growth and the inability to obtain funding for public school construction 

from alternative sources as reasons for enacting the APFO in 1998.  See Marshall (2007).   
2
 According to the Cabarrus County Planning Department, some real estate developers were allowed to contribute 

land for public schools in lieu of voluntary development fees after the APFO was enacted.   
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Fees were then collected at the recording of the final subdivision plat map.  Cabarrus County 

implemented its APFO in this manner from 1999 until August of 2003 when the fee was increased to 

$1,008 per proposed single-family residential lot.3   

 Development fees were initially collected only for subdivisions located in the unincorporated 

area of the county, as well as in the municipalities of Harrisburg and Mount Pleasant.  Fees were not 

ŎƻƭƭŜŎǘŜŘ ƛƴ /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ ǘǿƻ ƭŀǊƎest municipalities, Concord and Kannapolis, because local officials 

ŜȄǇǊŜǎǎŜŘ ŎƻƴŎŜǊƴǎ ǘƘŀǘ ǘƘŜ ŦŜŜǎ ǿŜǊŜ ƛƴ Ǿƛƻƭŀǘƛƻƴ ƻŦ ǎǘŀǘŜ ƭŀǿΦ   bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ DŜƴŜǊŀƭ {ǘŀǘǳǘŜǎ Řƻ 

not provide all counties in the state with express legal authority to collect development fees for public 

ǎŎƘƻƻƭ ŎƻƴǎǘǊǳŎǘƛƻƴ ŀƴŘ ŀ Ŏƻǳƴǘȅ Ƴǳǎǘ ƻōǘŀƛƴ ƭŜƎƛǎƭŀǘƛǾŜ ŀǇǇǊƻǾŀƭ ōŜŦƻǊŜ ŘƻƛƴƎ ǎƻΦ  /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ 

development fee was based only on implicit legal authority derived from state statutory law allowing 

county governments to implement land use regulations to preserve the adequacy of public 

infrastructure.4  City officials in Concord and Kannapolis were uncertain of the legal interpretation and 

did not support the collection of development fees.    

 /ƻƴŎƻǊŘ ŀƴŘ YŀƴƴŀǇƻƭƛǎΩǎ ƻǇǇƻǎƛǘƛƻƴ ǘo voluntary development fees between 1999 and 2004 

did not reflect disinterest in growth management.  Local officials in both cities supported efforts 

beginning in 1997 to develop a uniform development ordinance governing real estate development 

activity throughout the entire county (Hibner 2002).   The consulting firm chosen to design the 

ordinance was selected based on its experience drafting legally defensible APFOs. 5  A draft of the 

uniform development ordinance requiring concurrency between public service capacity and the timing 

                                                           
3
 The voluntary mitigation payment was increased to $1,008 per single-family lot pursuant to Cabarrus County 

Resolution No. 2003-26.   
4
 All counties in North Carolina relied on implied legal authority as a foundation for their adequate public facilities 

ordinances during this period of time, as was discussed in Chapter 2 of this dissertation.   
5
 A timeline describing the evolution of Cabarrus Countyôs Uniform Development Ordinance was obtained from 

www.cabarrusneighbors.com, which provided considerable insight into the process.   
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of residential development was adopted by Concord and Kannapolis in 2000, although neither 

municipality collected voluntary mitigation payments for public school construction (Ducker 2003).6    

 A significant shift in local land use policy occurred in Cabarrus County on June of 2004 when the 

North Carolina General Assembly passed Session Law 2004-39, H.B. 224, Section 5, stating: 

άbƻǘǿƛǘƘǎǘŀƴŘƛƴƎ ǘƘŜ ǇǊƻǾƛǎƛƻƴǎ ƻŦ !ǊǘƛŎƭŜ мф ƻŦ /ƘŀǇǘŜǊ мсл! ƻŦ ǘƘŜ DŜƴŜǊŀƭ {ǘŀǘǳǘŜǎΣ ǘƘŜ 

County of Cabarrus or any municipality therein may enforce, within its jurisdiction, any 

provision of the school adequacy review performed under the Cabarrus County Subdivision 

Regulations, including approval of a method to address any inadequacy that may be identified 

ŀǎ ǇŀǊǘ ƻŦ ǘƘŀǘ ǊŜǾƛŜǿΦέ 

²ƘƛƭŜ ǘƘŜ {Ŝǎǎƛƻƴ [ŀǿ ŘƛŘ ƴƻǘ ǎǇŜŎƛŦƛŎŀƭƭȅ ŀŘŘǊŜǎǎ /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ ǇƻƭƛŎȅ ƻŦ ŎƻƭƭŜŎǘƛƴƎ 

voluntary development fees to pay for public school construction, the new legislation encouraged 

county officials to enforce the APFO more aggressively.  A resolution was passed to begin collecting 

voluntary fees for residential development projects in both Concord and Kannapolis.7  It was also made 

clear that fees would increase in the future to more closely reflect the actual cost of building public 

schools.  Development fees quadrupled to $4,034 per residential lot three months after the enactment 

of the special legislation and then doubled again to $8,076 in 2007.8  Figure 1 provides an overview of 

ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩs APFO between 1998 and 2007.  

                                                           
6
 Cabarrus County did not adopt the uniform development ordinance and continued to revise its subdivision 

ordinance independently.  The City of Concord also established an advisory committee to refine the uniform 

development ordinance to satisfy the demands of the housing industry and local residents.     
7
 Cabarrus County Resolution No. 2004-30 called for the collection of voluntary development fees for public school 

construction in all cities and towns in the county.  The fee was initially left at $1,008 per single-family lot.   
8
 Cabarrus County Resolution No. 2004-37 increased the voluntary fee to $4,034 per single-family lot in 2004 and 

Resolution No. 2007-38 later increased the fee to $8,076 per single-family lot in 2007.   
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Relatively low development fees in the early years of the APFO, combined with inconsistent 

assessment throughout the county, resulted in the collection of very little revenue for school 

construction in the first five years oŦ ǘƘŜ ƻǊŘƛƴŀƴŎŜΩǎ ŜȄƛǎǘŜƴŎŜΦ  [Ŝǎǎ ǘƘŀƴ ϷпрлΣллл ƛƴ ǊŜǾŜƴǳŜ ǿŀǎ 

generated between 1999 and 2004.  The amount represents less than 3% of the cost of constructing a 

single elementary school based on estimates provided by the North Carolina Department of Public 

Instruction.9  

                                                           
9
 The North Carolina Department of Public Instruction estimated the cost of constructing a typical elementary school 

in 2007 as approximately $17,300,000.  See North Carolina School Design Clearinghouse (2008), ñTypical 

Elementary School Cost 2007ò available at SSRN: www.schoolclearinghouse.org.      

Figure 1 Cabarrus County APFO Implementation Timeline 
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Revenue generated by the APFO began to increase dramatically after the enactment of Session 

Law 2004-39 when development fees were increased and collected countywide.  Total collections 

exceeded $2,150,000 in the time period between 2005 and 2007.  A more formalized APFO was adopted 

by Cabarrus County in 2007, which included guidelines for evaluating infrastructure capacity and a 

methodology for assessing the demand new housing units would place on the public school system.10  

Figure 2 summarizes the annual APFO fees collected in Cabarrus County since 2000.11   

 

Figure 2 Annual Cabarrus County APFO Fee Collections 

 

 

 

 

 

 
 

III. Literature Review 
 

 /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ !tCh Ƙŀǎ Ƨǳǎǘ ǎǘŀǊǘŜŘ ǘƻ ƎŜƴŜǊŀǘŜ ŜƴƻǳƎƘ ǊŜǾŜƴǳŜ ǘƻ Ǉŀȅ ŦƻǊ ŀ ƳŜŀƴƛƴƎŦǳƭ 

portion of its school infrastructure needs.  Nonetheless, the economic effects of the ordinance in the 

early years of its implementation are worthy of consideration.  APFOs have been widely praised as an 

effective way to control growth and preserve the quality of public infrastructure.  Concerns have 

nonetheless emerged regarding the relationship between this type of regulation and housing 

                                                           
10

 Chapter 15 of Cabarrus Countyôs Zoning Ordinance provides guidelines for implementing the APFO.   
11

 APFO revenue estimates were obtained from the Cabarrus County Planning Department.   
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affordability.  An APFO can potentially put upward pressure on both new and existing housing prices 

throughout a market by restricting housing supply or by creating additional development costs that are 

passed on to consumers.   

¢ƘŜ ǇƻǘŜƴǘƛŀƭ ŎƻƴŦƭƛŎǘ ōŜǘǿŜŜƴ ƎǊƻǿǘƘ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ǘƘŜ ǇǳōƭƛŎ ǎŜŎǘƻǊΩǎ ƛƴǘŜǊŜǎǘ ƛƴ ǇǊƻǾƛŘƛƴƎ 

affordable housing is an important issue, but not a new one.  An extensive amount of research has been 

conducted over the last several decades examining how housing markets respond to different types of 

land use controls.  A review of existing literature, focusing on the evolution of related land use 

regulations, is necessary to evaluate one of the main criticisms of APFOs.    

Local governments have exercised a significant amount of control over real estate development 

ǎƛƴŎŜ ǘƘŜ ¦Φ{Φ {ǳǇǊŜƳŜ /ƻǳǊǘΩǎ ƭŀƴŘƳŀǊƪ ŘŜŎƛǎƛƻƴ ƛƴ Village of Euclid v. Amber Realty Company (1926) 

upholding the legality of municipal zoning ordinances.12  The ability to segregate land uses undoubtedly 

provided the public sector with a powerful tool to insulate residential property values from negative 

externalities associated with certain types of commercial development.  However, many communities 

quickly realized that zoning also offered an effective way to prevent undesired socioeconomic groups 

from entering a market by limiting the availability of low and moderate income housing (Zorn et al. 

1986, Katz and Rosen 1987).     

 Minimum lot size requirements, lofty infrastructure standards, and restrictions on multifamily 

development became common features of suburban zoning ordinances in the years following the Village 

of Euclid decision.  These practices ōŜŎŀƳŜ ƪƴƻǿƴ ŀǎ άŜȄŎƭǳǎƛƻƴŀǊȅ ȊƻƴƛƴƎέ ŘǳŜ ǘƻ ǘƘŜƛǊ ǘŜƴŘŜƴŎȅ ǘƻ 

discourage the development of affordable housing (Read 2008).  The issue began to attract a notable 

amount of attention from the academic community in the mid 1960s and a host of studies followed over 

the subsequent years (Quigley and Rosenthal 2005).   

                                                           
12

 Village of Euclid, Ohio v. Ambler Realty Co., 272 U.S. 365 (1926), 

http://caselaw.lp.findlaw.com/scripts/getcase.pl?navby=CASE&court=US&vol=272&page=365
http://en.wikipedia.org/wiki/1926
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 A variety of explanations were put forth to explain the prevalence of exclusionary zoning (Landis 

2006).  Some authors hypothesized that the ordinances were enacted to prevent minority groups from 

entering predominately white communities.  Others argued that the use of restrictive zoning practices 

was primarily driven by the belief that low and moderate income housing fails to generate enough 

property tax revenue to pay for the public services economically disadvantaged households require.  Still 

ƻǘƘŜǊǎ ǎǳƎƎŜǎǘŜŘ ŜȄŎƭǳǎƛƻƴŀǊȅ ȊƻƴƛƴƎ ƻǊŘƛƴŀƴŎŜǎ ǿŜǊŜ ŀŘƻǇǘŜŘ ǘƻ ǇǊŜǎŜǊǾŜ ŀ ŎƻƳƳǳƴƛǘȅΩǎ 

characteristics by preventing spillover development from adjacent communities.  Irrespective of the 

motive, stringent zoning ordinances were anticipated to decrease housing affordability by restricting 

supply.   

 As land use regulations evolved over time, scholars began to shift their attention from 

exclusionary zoning to more modern growth management regulations that also had the potential to 

reduce housing affordability, such as: building permit caps, urban growth boundaries, development 

moratoria, impact fees and APFOs (Cho and Linneman 1993, Pendall et al. 2002).13  All of these land use 

policies can be classified as either regulatory or incentive based for the purposes of economic analysis.  

Regulatory policies directly control the timing and location of real estate development, while incentive 

based policies attempt to influence land use patterns by providing real estate developers with economic 

incentives or disincentives to build in a desired way (Bengston et al. 2004, Hanak and Chen 2007).  

 An adequate public facilities ordinance is a unique form of growth management regulation 

because it can be implemented as either a regulatory policy or as an incentive based policy (Ben-Zadok 

2005). Some local governments achieve concurrency by restricting new development until infrastructure 

improvements are available.  Alternatively, a jurisdiction may allow the construction of new housing if 

real estate developers voluntarily contribute to the cost of providing public infrastructure.  The former 

                                                           
13

 Fischel (1990) notes that many scholars also began to focus on land use regulations restricting all types of 

residential development, not just the supply of low and moderate income housing.   
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approach represents a regulatory policy, while the latter is indicative of an incentive based policy.  Both 

APFO implementation strategies can potentially influence housing prices through supply-side and 

demand-side effects. 

First consider an APFO prohibiting residential development until infrastructure improvements 

can be paid for through traditional public finance mechanisms such as property tax revenue.  This type 

of regulation may reduce housing production by directly limiting the number of building permits issued 

within a jurisdiction or by creating additional transaction costs that developers must incur to move a 

project through the regulatory process (Anthony 2006).  A backward shift in the housing supply curve 

causes an increase in the price of new housing if demand remains constant or continues to increase.  

This can occur in closed housing market where buyers cannot easily respond to the price increase by 

purchasing in another jurisdiction where supply is not encumbered by a growth management regulation.  

An escalation in new housing prices puts upward pressure on the price of existing housing to the extent 

it offers homebuyers a close substitute.  Therefore, an APFO reducing the supply of new housing can 

increase prices throughout an entire market when demand is relatively inelastic.    

Open housing markets with relatively elastic demand are not anticipated to experience 

significant price increases in response to a reduction in supply. However, an APFO may cause prices to 

escalate in either an open or a closed market if the regulation creates additional housing demand.  This 

can occur if slowing the pace of residential development within a community reduces traffic congestion, 

preserves green space, or provides other amenity benefits valued by home buyers (Malpezzi 1996, 

Levine 1994, Schill 2005).  A forward shift in the housing demand curve puts upward pressure on the 

price of new and existing housing throughout a market if both share in the amenity benefits derived 

from controlled growth.  Real estate developers are limited in their ability to respond to the increase in 
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demand due to the APFO and a new equilibrium housing price emerges above the level that existed 

before the growth management regulation was put in place.  

The second APFO implementation strategy involves the collection of voluntary impact fees, 

which can also influence housing prices by decreasing supply or by increasing demand. Huffman et al. 

(1988) consider supply-side effects by examining impact fees as an excise tax assessed on new housing 

born by real estate developers, new homebuyers, and undeveloped land owners.  The tax burden is 

expected to be shared between developers and new homebuyers in the short run because neither 

housing supply nor housing demand is assumed to be perfectly elastic.  Home builders and developers 

may respond slowly to an impact fee if they own an inventory of undeveloped land that prevents them 

from exiting a market quickly in response to additional regulatory costs.  Homebuyers may also be 

limited in their ability to react to an impact fee in a closed housing market with limited competition from 

surrounding communities.  The elasticity of supply and demand in the housing market determines how 

the tax burden is allocated between developers and homebuyers in the short run.   

Developers may initially absorb a portion of the impact fee, but in the long run a competitive 

rate of return must be maintained by shifting the fee forward to homebuyers or backward to owners of 

undeveloped land.  Mobile developers will leave the market and build in another jurisdiction if the 

impact fee cannot be shifted to one of these parties.  A reduction in housing supply will eventually cause 

home prices to rise or undeveloped land prices to fall until developers can re-enter the market and 

generate a competitive return.  Huffman et al. suggest the economic burden of the impact fee will be 

passed forward to new homebuyers in many instances due to demand inelasticity in rapidly growing 

housing markets.  Existing housing prices are also anticipated to increase by some portion of the fee. 

To the extent voluntary impact fees operate as an excise tax, real estate developers may have 

an incentive to construct higher quality housing if they expect affluent homebuyers to be less sensitive 
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to a price increase (Mathur et al. 2004).  A shift in the composition of the new housing stock can further 

limit the ability of affordable housing and prevent economically disadvantaged individuals from residing 

within a jurisdiction.  Such a result may also explain an increase in new housing prices greater than the 

amount of the impact fee levied.   

Yinger (1998) concedes that developers will not bear the long run economic burden of an impact 

fee and that home prices may rise in response to this type of local land use regulation.  However, he 

argues that it is inappropriate to view impacts fees as an excise tax because new homebuyers anticipate 

substantial benefits in exchange for incurring the fee.  Impact fee revenues can be used to pay for 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƳǇǊƻǾŜƳŜƴǘǎ ƻǊ ǘƻ ǇǊŜǾŜƴǘ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ŀ ƧǳǊƛǎŘƛŎǘƛƻƴΩǎ ŀŘ ǾŀƭƻǊŜƳ ǇǊƻǇŜǊǘȅ ǘŀȄ ǊŀǘŜΦ   

By recognizing these demand-side effects, Yinger suggests housing prices in both open and 

closed markets may increase in response to an impact fee ordinance if it provides benefits valued by 

homebuyers.  New and existing housing prices may increase in an amount greater than the fee if the 

capitalized value of new infrastructure or tax savings exceeds the charge levied to provide the benefit. 

An impact fee should only operate as an excise tax in the event the revenues are not used to provide 

needed infrastructure improvements or a reduction in the property tax rate. 

Distinguishing between supply-side and demand-side price effects is important when evaluating 

the economic efficiency of growth management regulations such as adequate public facilities ordinance 

(Fischel 1990 & 1991, Nelson et al. 2002, Been 2005).  An increase in housing prices in response to a 

reduction in supply may be efficiency enhancing to the extent real estate developers and homebuyers 

are forced to internalize the negative externalities associated with ongoing residential development.  

Voluntary development fees that do not result in a reduction in housing supply may also be efficiency 

enhancing if they cause housing prices to increase in an amount corresponding to the marginal benefit 

provided by infrastructure improvements. However, local governments with imperfect information are 
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faced with the challenge of designing APFOs that appropriately address these market failures (Malpezzi 

1996).  There are also legitimate concerns that growth management regulations are often adopted 

without careful consideration of the economic consequences after traditional public finance 

mechanisms have failed to provide adequate public infrastructure (Levine 1994).   

APFOs that do provide economic benefits may still fail to ensure those benefits are distributed in 

an equitable manner.  Homeowners residing in a community before the enactment of an APFO are 

anticipated to benefit from windfall economic gains as housing prices increase in response to the 

regulation (Downs 2003).  This positive externality may explain the political acceptance of APFOs in 

many jurisdictions.  More affluent homebuyers are also in a better position to capture the benefits 

provided by an APFO, while low income residents may be prevented from entering the market as 

housing prices increase (Schill 2005).   

The analysis presented thus far suggests housing prices will increase after the enactment of an 

APFO, but some scholars suggest this may not always be the case.  Pendall (2000) argues that there is no 

reason to believe an APFO will consistently reduce housing affordability when evaluated in conjunction 

with other land use regulations.  The collection of development fees could potentially limit the financial 

burden of growth and encourage local governments to make more land available for residential 

development.  An increase in supply could relieve upward pressure on new and existing housing prices 

throughout a market.  Additionally, multi-family housing construction could increase in response to an 

AFPO if developers attempt to minimize their costs by constructing higher density projects that take 

advantage of existing infrastructure.  This type of development may expand the housing options 

available to low and moderate income residents.   

In addition to ambiguity is the direction of price shifts after the enactment of an APFO, there is 

also uncertainty as to when price changes will manifest themselves in the housing market.  Prices in a 
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dynamic housing market may shift before a land use regulation is implemented if market participants 

are aware of a pending change in regulatory policy (Turnbull 2004a & 2005a, 2005b).  Alternatively, the 

economic effects of the policy may lag its implementation if an extended period of time must elapse 

before price changes can be observed in the housing market.  Anticipatory behavior on the part of both 

homebuyers and real estate developers can introduce inefficiency into the market and prevent the 

conversion of raw land into housing at the optimal time (Riddiough 1997, Brueckner 1997 and Turnbull 

2004b).  These factors require the housing price effects of an APFO to be examined empirically.  

Since the growth management literature is extremely vast, the following discussion is limited to 

empirical studies examining the housing price effects of APFOs and closely related land use regulations.  

Impact fee studies are included because many APFO adopting communities allow real estate developers 

to avoid regulatory delays by voluntarily paying for infrastructure improvements needed to support 

their projects.  Such is the case in Cabarrus County, North Carolina. The APFO studies are presented first, 

followed by the impact fee studies in rough chronological order to illustrate the evolution of the 

research over time.   

 A study completed by Pollakowski and Wachter (1990) used parcel level data to assess the 

cumulative impact of APFOs and several other types of land use regulations on housing price in 

Montgomery County, Maryland.  A repeat-sales model was first used to estimate the appreciation rate 

in single-family home prices in 17 planning zones between 1982 and 1987.  A hedonic price equation 

was then constructed to estimate the price of a constant-quality home in each zone in the first quarter 

of 1987.  The two models were combined to create a quarterly constant-quality housing price index for 

the six year study period.14   

                                                           
14

 The final pooled cross-sectional time series dataset included 408 observations derived from 17 planning zones 

over 24 quarters.  Data transformations were conducted to address serial autocorrelation and heteroskedasticity in 

the dataset.  Ordinary least squares regression was then used to estimate the model.   
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 Quarterly constant-quality housing prices for each planning jurisdiction were then regressed on 

several control variables anticipated to influence the supply and demand of housing.  Demand-side 

variables included per capita income, mortgage interest rates, and distance to employment centers.  

Supply-side variables included a construction cost index, a measure of land availability, and several 

measures representing the restrictiveness of land use regulations in place.  Three variables were 

included in the study to represent land use regulations: the building permit cap imposed in each 

planning zone per the APFO, a zoning restrictiveness index for each planning zone, and an index 

measuring the restrictiveness of land use regulations in adjacent planning zones.   

 Housing prices were found to increase as the amount of residential development allowed under 

the building permit cap declined, but the variable was not statistically significant at conventional levels.  

The magnitude of the effect did not increase when the zoning restrictiveness and vacant land variables 

were added to the model.  Pollakowski and Wachter were not surprised by the result because many 

planning zones with infrastructure capacity lacked the vacant land needed to support new residential 

development.  The zoning restrictiveness index, on the other hand, had a positive and statistically 

significant relationship to housing prices.  The magnitude of the relationship more than doubled when 

the building permit cap and land availability variables were added to the model.15  Zoning restrictiveness 

in adjacent planning zones also had a positive and statistically significant effect on single-family housing 

prices, although the magnitude of the effect was somewhat small.  The authors concluded that 

aƻƴǘƎƻƳŜǊȅ /ƻǳƴǘȅΩǎ ƭŀƴŘ ǳǎŜ ǊŜƎǳƭŀǘƛƻƴǎ ƘŀŘ ǎǇƛƭƭƻǾŜǊ ŜŦŦŜŎǘǎ ŀƴŘ ǇǳǎƘŜŘ ƴŜǿ ǊŜǎƛŘŜƴǘƛŀƭ 

construction from densely developed areas to surrounding jurisdictions with a greater amount of 

undeveloped land.   

                                                           
15

 The relationship between land availability and housing prices also increased as additional land use regulation 

variables were included in the model. 
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 Anthony (20лсύ ŜȄŀƳƛƴŜŘ ǘƘŜ ƘƻǳǎƛƴƎ ǇǊƛŎŜ ŜŦŦŜŎǘǎ ƻŦ CƭƻǊƛŘŀΩǎ DǊƻǿǘƘ aŀƴŀƎŜƳŜƴǘ !Ŏǘ ƻŦ 

1985, which required concurrency between infrastructure capacity and new residential development 

throughout the state.  An interrupted time-series research design was used to evaluate changes in 

housing prices between 1980 and 1995 at the county level.    Separate regression equations were 

estimated to isolate supply-side effects and demand-side effects.16  The annual median single-family 

home price in each county was identified as the dependent variable for both equations.   

 The supply-side equation included control variables such as the number of sale transactions that 

occurred in the county, the median house size in the county, a variable representing national housing 

price trends, and a dummy variable designed to represent a change in construction lending practices 

brought on by federal regulation.17  The demand-side equation also included the annual number of sale 

transactions in the county, as well as measures of population growth, mortgage interest rates, median 

household income, and a dummy variable representing changes in federal tax policy put in place in 

1986.18  Since local land use regulations were adopted at different times to satisfy the concurrency 

requirement of FloridaΩǎ DǊƻǿǘƘ aŀƴŀƎŜƳŜƴǘ !ŎǘΣ ŀ ŘǳƳƳȅ ǾŀǊƛŀōƭŜ ǿŀǎ ƛƴŎƭǳŘŜŘ ƛƴ ōƻǘƘ ƳƻŘŜƭǎ ǘƻ 

represent all years after a growth management program was implemented by a county.  A variable was 

also used to represent the number of years the growth management program had been in place in any 

given year to identify cumulative effects on housing prices.   

 The results of both equations were roughly equivalent.  Growth management programs were 

found to have a positive and statistically significant effect on housing prices.  An estimated price 

increase of $1,219 was observed after implementation and prices continued to rise by approximately 

$1,000 each year the growth management program was in place. 

                                                           
16

 First-order autoregressive terms were included in the equations to address serial autocorrelation.     
17

 The authors note that the enactment of the Financial Institutions Reform, Recovery and Enforcement Act of 1989 

(FIRREA) imposed more stringent controls on residential construction lending.   
18

 Changes in depreciation schedules and capital gains rates included in the Tax Reform Act of 1986 (TRA) were 

anticipated to reduce the supply of multi-family housing, thereby increasing demand for owner-occupied housing.   
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 The two studies described above provide a useful starting point to evaluate the relationship 

between APFOs and housing affordability.  However, several important questions remain unresolved.  

tƻƭƭŀƪƻǿǎƪƛ ŀƴŘ ²ŀŎƘǘŜǊΩǎ ǿƻǊƪ ŦƻŎǳǎŜŘ ƻƴ ōǳƛƭŘƛƴƎ ǇŜǊƳƛǘ ŎŀǇǎ ŀƴŘ ŘƛŘ ƴƻǘ ŎƻƴǎƛŘŜǊ ǘƘŜ ƘƻǳǎƛƴƎ ǇǊƛŎŜ 

effects of an APFO utilizing voluntary fees to maintain concurrency between infrastructure capacity and 

the pace of residential development.  Anthony evaluated a statewide growth management program 

mandating concurrency without considering the actual policy adopted at the local level to achieve the 

objective.  Further analysis is therefore necessary to appropriately evaluate the potential impact of an 

APFO on a housing market.   

 Additional insight can be obtained by reviewing the substantial body of empirical research 

examining how mandatory impact fees affect housing affordability.  These studies are not included in 

the analysis to insinuate impact fees are equivalent to APFOs, although many local governments allow 

developers to voluntarily pay for infrastructure improvements.  In some instances, the way in which an 

ordinance is implemented at the local level makes it difficult to differentiate between voluntary APFO 

fees and mandatory impact fees.  The results of existing research suggest impact fees often increase 

both new and existing housing prices throughout the adopting jurisdiction in an amount greater than 

the fee (Delaney and Smith 1989a & 1989b, Singell and Lillydahl 1990, Dresch and Sheffrin 1997, Baden 

and Coursey 2000, Mathur et al. 2004).  Developed residential lot prices have also been found to 

increase in response to impact fee ordinances, while undeveloped land prices often fall (Skaburskis and 

Qadeer 1992, Ihlanfeldt and Shaughnessy 2004, and Evans-Cowley et al. 2005).   

IV. Data, Methodology and Results 

/ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ ŘŜcision to quadruple development fees and collect them countywide in 2004 

undoubtedly sent a strong signal to market participants that the existing regulatory environment was in 

the process of change.  The empirical analysis presented in this study examines the impact of 
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heightened APFO standards on Cabarrus County housing prices in the two and a half year period 

immediately following the policy change.19  Two specific research questions are addressed:   

1) Did the price of new single-family houses in Cabarrus County increase after its APFO 

implementation policy was changed in 2004 relative to the price of new single-family houses 

in Iredell County? 

2) Did the price of existing single-family houses in Cabarrus County increase after its APFO 

implementation policy was changed in 2004 relative to the price of existing single-family 

houses in Iredell County? 

 

 Iredell County was chosen as the control group for the analysis because it is located in the 

Charlotte region; it is similar in size to Cabarrus County; and it experienced significant population growth 

ƻǾŜǊ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ǘƘŜ ǎǘǳŘȅ ǇŜǊƛƻŘΦ  ²ƘƛƭŜ LǊŜŘŜƭƭ /ƻǳƴǘȅΩǎ ƘƻǳǎƛƴƎ ƳŀǊƪŜǘ ƛǎ ŀƴǘƛŎƛǇŀǘŜŘ ǘƻ ŘƛŦŦŜǊ ŦǊƻƳ 

the subject county in various ways, it offers advantages over other counties in the metropolitan 

statistical area for a number of reasons.   

 Union County was excluded from the analysis because it imposed a sewer moratorium limiting 

residential development in the middle of the study period and adopted an APFO of its own in 2006.  

Gaston County was excluded because it did not experience the same level of population growth 

observed in Cabarrus County.  Incomplete data and a limited number of residential sale transactions 

during the study period made the remaining North Carolina counties inappropriate for comparative 

purposes.  South Carolina counties in the MSA were additionally excluded from the analysis in 

anticipation of jurisdictional differences in housing markets across the state line.  Figure 3 provides a 

                                                           
19

 Cabarrus Countyôs decision to assess voluntary development fees countywide and increase the fee to $4,034 is 

referred to throughout this dissertation as the ñpolicy change.ò  It is referred to as such to emphasize that the county 

did in fact have an APFO in place throughout the entire study period.  However, the voluntary development fee was 

very low in the pre-policy change period and was assessed inconsistently throughout the county.   
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map of the counties in the Charlotte region as a point of reference and Figure 4 includes comparative 

statistics for Cabarrus County and Iredell County.    

Figure 3 Charlotte-Gastonia-Concord MSA20 

 

 
 

Figure 4 Comparative Statistics: Cabarrus & Iredell Counties21 

 Population 
Growth 

2000-2006 

Population 
Growth 

1990-2000 

Median HH 
Income 

2000 

Median Home 
Value 

2000 

 

Cabarrus 19.7% 29.6% $46,140 $118,200 

Iredell 18.5% 29.0% $41,920 $116,100 

 

                                                           
20

 Map of the Charlotte-Gastonia-Concord MSA was obtained from the Charlotte Chamber of Commerce.   
21

 Comparative Statistics were obtained from the 2000 U.S. Census and the North Carolina State Office of Budget 

and Management.   
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¢ƘŜ ƘȅǇƻǘƘŜǎƛȊŜŘ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ !tCh ŀƴŘ ǎƛƴƎƭŜ-family housing 

prices is ambiguous for several reasons.  Additional regulatory costs may have encouraged real estate 

developers to restrict housing supply, resulting in upward pressure on new and existing housing prices if 

market demand was relatively inelastic and the two types of housing were substitutes.  Prices may also 

have increased in response to additional housing demand if consumers expected development fees to 

pay for new infrastructure, improve quality of life factors in the county, or reduce ad valorem property 

tax rates in the future.     

Alternatively, the policy change may have had little impact on housing prices in Cabarrus County 

if market demand was relatively elastic and consumers did not expect development fees to improve 

public infrastructure or reduce local tax rates.  Land-owning developers would presumably absorb the 

additional regulatory costs in the short run and decrease bids for undeveloped land in the long run to 

preserve profit levels.  Owners of undeveloped land, rather than homebuyers, would bear the economic 

burden of the development fee in this scenario.  There is also the possibility that the policy change did 

not influence housing prices immediately after its implementation because many new houses delivered 

to the market during the study period were not actually subject to the fee.  Since Cabarrus County 

assessed voluntary development fees at the recording of final subdivision plat maps, rather than at the 

issuance of building permits or certificates of occupancy, subdivisions approved before the policy 

change were being built out and sold during the post-policy change period.   

The pooled cross-sectional dataset used to complete the analysis was obtained from the 

Multiple Listing Service (MLS) of the Charlotte Regional Realtor® Association.  It includes parcel-level 

data for nearly 20,000 single-family residential sale transactions in Cabarrus County and Iredell County 

in the years between 2002 and 2006. The dataset provides a description of the structural characteristics 

of each house, the street address, neighborhood amenities, date of sale, and the sale price.  Since some 
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single-family residential sales were completed in each county during the study period without the 

assistance of the MLS system, the dataset does not provide a complete transaction record.   

Nonetheless, a number of related econometric studies have relied on MLS data, and the following 

analysis operates under the assumption that it provides a representative sample of the sales 

transactions in the housing markets of interest.22     

GIS software was next used to identify the location of each sale transaction based on its street 

address.  Approximately 80% and 60% of the houses in the original dataset were successfully located in 

Cabarrus County and Iredell County respectively.  The spatial information was used to calculate the 

ŘƛǎǘŀƴŎŜ ŦǊƻƳ ŜŀŎƘ ƘƻǳǎŜ ǘƻ /ƘŀǊƭƻǘǘŜΩǎ ŎŜƴǘǊŀƭ ōǳǎƛƴŜǎǎ ŘƛǎǘǊƛŎǘ ŀƴŘ ǘƘŜ ŎƭƻǎŜǎǘ Ǉƻƛƴǘ ƻƴ ǘƘŜ ƴŜŀǊŜǎǘ 

interstate.  Census block groups for each house were also identified.   

Constraining the dataset to the time period between 2002 and 2006 improved the quality of the 

spatial analysis given that GIS address files for both counties were updated in 2007.  This prevented 

systematic exclusion of new houses constructed and sold after the GIS systems were last updated.  Data 

entry errors prevented some sale transactions from being accurately mapped, but no evidence of 

systematic exclusion in specific portions of the counties was identified.23         

Several filters were put in place to clean the data before performing any statistical analysis.  

Houses with no reported bedrooms or bathrooms were removed from the dataset, as were houses with 

                                                           
22

Shultz and King (2001) note that most studies utilizing hedonic price models rely on MLS data or property tax 

assessments.  There is, however, some research that indicates houses listed with real estate agents sell for more than 

other properties on the market.  Real estate agents working in a localized market may be in a position to take 

advantage of information asymmetries to maximize sale prices.  The clients represented by real estate agents may 

also have higher housing demand than other buyers active in the market.  Both of these factors can potentially bias 

the results of studies relying solely on MLS data.  See Hite and Jauregui (2005) and Jud (1986).   
23

 Cayo and Talbot (2003) contend that a geocoding procedure may be flawed, even when it generates a high 

percentage of successful matches, if houses in a specific portion of the study area are systematically excluded from 

the sample.  The concern was addressed in this study by examining the cases that could not be successfully 

geocoded in each county.   No evidence of systematic exclusion of cases was observed at the municipal level. 
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less than 500 square feet or more than 5,000 square feet.  All houses with more than five bedrooms or 

four full bathrooms were also removed to eliminate outliers and address the possibility of data entry 

errors.  Houses constructed before 1900 were additionally removed from the analysis.     

A housing price filter was calculated by dividing the sale price of a house by its square footage.  

All transactions with sale prices less than $50 per square foot and greater than $150 per square foot 

were excluded from the dataset.  The price filter was included to eliminate outliers, as well as to exclude 

cases where a disproportionately high or low price was paid for a house due to its potential for 

redevelopment.  The price filter was also necessary because a reliable measure of lot size was not 

available and it was impossible to identify single-family houses on large tracts of land.  Another filter was 

created to remove cases where two potential locations were identified for a house during the GIS 

mapping process.   

Sale transactions involving houses located in census block groups experiencing negative 

population growth between 1990 and 2000 were additionally filtered out of the dataset.  The decision 

was made because the empirical model developed in this section is ill-equipped to estimate the sale 

price of houses located in areas potentially influenced by unidentifiable negative externalities.  All of the 

filters, including this one, were created to produce a relatively homogenous dataset representing the 

majority of houses located in the two counties.24  The remaining cases were divided into two data 

subsets in order to analyze the effects of the APFO policy change on new and existing housing prices 

independently.   

                                                           
24

 Studies utilizing housing price hedonics often employ a variety of data filters to restrict the sample to a relatively 

homogenous group of housing units, which appear to be influenced by the same price determinants.  The filters 

employed in this study are primarily designed to restrict the scope of the analysis to ñproductionò homes that are 

common in suburban communities throughout the Charlotte region.  Many custom built homes and homes located 

on large tracts of land are presumably excluded from the analysis by these filters because a different set of 

explanatory variables are anticipated to influence housing prices in these segments of the market.      
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IŜŘƻƴƛŎ ǇǊƛŎŜ ƳƻŘŜƭǎ ǿŜǊŜ ŎƘƻǎŜƴ ǘƻ ŜȄŀƳƛƴŜ ǿƘŜǘƘŜǊ /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ ŎƘŀƴƎŜ ƛƴ !tCh 

policy influenced housing prices.  The approach, developed by Rosen (1974) and others, is widely used in 

the real estate economics literature and operates under the assumption that the value of a composite 

good is equivalent to the aggregate value of its constituent parts (Chin and Chau 2003).  Implicit 

marginal prices for each of the constituent parts comprising a composite good, such as a single-family 

house, can therefore be estimated using regression (Palmquist 1984).    A difference-in-difference 

approach was used in conjunction with the hedonic price models to isolate the net impact of the APFO 

policy change on housing prices.  Separate models, with similar functional forms, were constructed for 

each of the data subsets. 

 Considerable disagreement exists in the real estate literature regarding the most appropriate 

functional form for hedonic price models used to analyze housing markets (Butler 1982, Milton et al. 

мфупΣ DǊŀǾŜǎ Ŝǘ ŀƭΦ мфууύΦ  aŀƴȅ ǎǘǳŘƛŜǎ ǊŜƎǊŜǎǎ ǘƘŜ ƴŀǘǳǊŀƭ ƭƻƎ ƻŦ ŀ ƘƻǳǎŜΩǎ ǎŀƭŜ ǇǊƛŎŜ ƻƴ ŀ ǎŜǊƛŜǎ ƻŦ 

independent variables anticipated to influence residential property values.  A log-linear specification is 

popular because the results are easy to interpret and it allows the beta coefficient for each independent 

variable to vary with the price of a house (Rogers 2006).   

A log-linear function does, however, impose an assumption of increasing marginal returns on all 

of the independent variables included in the model, which may or may not be appropriate (Bryan and 

Colwell 1982).25  A log-log transformation was chosen for this study to accommodate both increasing 

and decreasing marginal returns.  Natural logs were calculated for all of the variables included in the 

models, except for the dichotomous variables.  The reduced functional form can be expressed as: 

                                                           
25

 The semi-log function is appropriate when the implicit marginal prices of all the housing attributes included in the 

model are anticipated to increase with the price of a house.  Rogers (2006) notes that this may be the case if more 

expensive houses have higher quality attributes.  However, it is also possible for some housing attributes to generate 

diminishing marginal returns.       
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LN (P) = f LN (S, L, N, T, J, R, e) 

 

[b όtύ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ƴŀǘǳǊŀƭ ƭƻƎ ƻŦ ŀ ƘƻǳǎŜΩǎ ǎŀƭŜ ǇǊƛŎŜΦ  S is a vector of variables included to 

represent the structural characteristics of a house. L is a vector of location variables. N is a vector of 

variables representing neighborhood characteristics. T is a temporal dummy variable representing 

houses sold bŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ !tCh ǇƻƭƛŎȅ ŎƘŀƴƎŜΦ W ƛǎ ŀ ŘǳƳƳȅ ǾŀǊƛŀōƭŜ ǊŜǇǊŜǎŜƴǘƛƴƎ 

the county where the sale transaction occurred.  R represents the APFO policy change and e represents 

the error term.   

 The control variables included in the models were selected based on existing housing literature 

and the data available in the MLS records.  Structural variables for each house included the natural log 

of the number of bedrooms, number of bathrooms, total square footage, and the age of the house at 

the time of sale.  Dummy variables were also included to identify houses with security systems, network 

wiring, at least one fireplace, and brick construction.   

All of the structural variables were anticipated to have a positive relationship to housing prices, 

ŜȄŎŜǇǘ ŦƻǊ ŀƎŜΣ ǿƘƛŎƘ ǿŀǎ ŜȄǇŜŎǘŜŘ ǘƻ ƘŀǾŜ ŀ ƴŜƎŀǘƛǾŜ ǊŜƭŀǘƛƻƴǎƘƛǇΦ  ¢ƘŜ ƴŀǘǳǊŀƭ ƭƻƎ ƻŦ ŀ ƘƻǳǎŜΩǎ ŀƎŜ 

was only included in the hedonic model examining existing houses. The MLS data also identified houses 

with a lake or golf course, both of which were expected to have a positive relationship to sale price.   

[ƻŎŀǘƛƻƴ ǾŀǊƛŀōƭŜǎ ƛƴŎƭǳŘŜŘ ǘƘŜ ƴŀǘǳǊŀƭ ƭƻƎ ƻŦ ŀ ƘƻǳǎŜΩǎ ƭƛƴŜŀǊ ŘƛǎǘŀƴŎŜ ǘƻ /ƘŀǊƭƻǘǘŜΩǎ ŎŜƴǘǊŀƭ 

business district and the closest point on an interstate.26  A negative relationship was anticipated to exist 

ōŜǘǿŜŜƴ ŘƛǎǘŀƴŎŜ ǘƻ /ƘŀǊƭƻǘǘŜΩǎ ŎŜƴǘǊŀƭ ōǳǎƛƴŜǎǎ ŘƛǎǘǊƛŎǘ ŀƴŘ ƘƻǳǎƛƴƎ ǇǊƛŎŜǎ ōŜŎŀǳǎŜ ǘƘŜ ŘƛǎǘŀƴŎŜ 

ǾŀǊƛŀōƭŜ ŀŎǘǎ ŀǎ ŀ ǇǊƻȄȅ ŦƻǊ ŎƻƳƳǳǘƛƴƎ ǘƛƳŜ ǘƻ ǘƘŜ ǊŜƎƛƻƴΩǎ ƳŀƧƻǊ ŜƳǇƭƻȅƳŜƴǘ ŎŜƴǘŜǊΦ  ¢ƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ 

                                                           
26

Chin and Foong (2006) maintain that the straight-line distance to an amenity is an appropriate measure of 

accessibility in hedonic price models conducted at the regional scale. However, the authors also note that driving 

time may be a better proxy for accessibility in studies conducted at the ñmicro urbanò level.   
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between housing prices and distance to an interstate was ambiguous because road systems can increase 

prices by improving connectivity or decrease prices by generating noise and traffic congestion (Emerson 

1972).27   

 Census block groups were used as a proxy for neighborhoods in order to incorporate 

demographic data from the 2000 U.S. Census into the analysis.28  The natural log of percentage of white 

residents, population change between 1990 and 2000, and population density per square mile were 

ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ŜŀŎƘ ƘƻǳǎŜΩǎ ŎŜƴǎǳǎ ōƭƻŎƪ ƎǊƻǳǇΦ  ¢ƘŜǎŜ ǾŀǊƛŀōƭŜǎ were used as an alternative to census 

block group dummy variables, which are often included in hedonic models to control for neighborhood 

price effects.29   

 A positive relationship was anticipated between the percentage of white residents in a census 

block group and housing prices due to historic inequalities in income levels and homeownership rates 

across racial groups.  The relationship between population change and housing prices was also expected 

to be positive because population growth is an indicator of attractive neighborhood characteristics.  It 

was unclear whether population density would have a positive or negative impact on housing prices 

because it could indicate higher quality public services, the availability of open space amenities, or 

residential lot sizes.30   

                                                           
27

 The value of a single-family house can potentially be influenced by its proximity to a number of different 

amenities and disamenities, including: schools, parks, shopping centers, office buildings, public transportation hubs, 

industrial properties, green space, and brownfields.  See Hendon (1973), Des Rosiers et al. (2001), Song and Sohn 

(2007), Thibodeau (1990), Hess and Almeida (2007), Song and Knaap (2003), and Boyle and Kiel (2001).  The 

vector of location variables included in this study was limited to measures of accessibility due to data limitations and 

anticipated multicollinearity among spatial features located near the interstate.     
28

 Census block groups are geographic units generally consisting of 600 to 3000 people that are commonly used as a 

proxy for neighborhoods in the social sciences.   
29

 Census block group dummy variables could not be used in this study because all of the census block groups in 

Cabarrus County were subject to the APFO policy change following the enactment of Session Law 2004-39.   
30

 The population density variable was primarily included to capture some of the variance in housing prices 

associated with location in an incorporated area of the county.   
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  A temporal dummy variable was included in the model to represent houses sold before and 

after the enactment of Session Law 2004-39.  It effectively controls for location invariant changes in 

housing prices over time.  The variable is anticipated to have a positive relationship to housing prices 

due to inflation, favorable housing market conditions over the course of the study period, and the APFO 

policy change.  A second dummy variable representing houses located in Cabarrus County was included 

in the model to control for time invariant differences in housing prices across county lines.  It was 

unclear whether any inherent price differences would exist between the counties.   

A difference-in-difference identification strategy was used to isolate the causal effect of 

/ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ !tCh ǇƻƭƛŎȅ ŎƘŀƴƎŜ ƻƴ ƘƻǳǎƛƴƎ ǇǊƛŎŜǎΦ  ¢ƘŜ ŀǇǇǊƻŀŎƘ ǇǊƻǾƛŘŜǎ ŀ ƳŜŎƘŀƴƛǎƳ ǘƻ 

control for differences in housing prices between the subject county and the control county that existed 

before the change in APFO policy, as well as fluctuations in housing prices over time expected to 

influence housing prices in both counties irrespective of the APFO.  The difference-in-difference model 

can be expressed as: 

LN (P) = ß0 + ß1 Cabarrus + ß2 Post + ß3 Cabarrus*Post + ß4Control Variables + e 

Where LN (P) represents the natural log of the sale price of a house, ß0 ƛǎ ǘƘŜ ŎƻƴǎǘŀƴǘΣ ά/ŀōŀǊǊǳǎέ ƛǎ ǘƘŜ 

Cabarrus County dummy variable with a score of 1 if the sale transaction occurred in Cabarrus County, 

άtƻǎǘέ ƛǎ ǘƘŜ ǘŜƳǇƻǊŀƭ Řummy variable with a score of 1 if the sale transaction occurred after Session 

Law HB 2004-оф ǿŀǎ ŜƴŀŎǘŜŘΣ ŀƴŘ ά/ŀōŀǊǊǳǎϝtƻǎǘέ ƛǎ ŀƴ ƛƴǘŜǊŀŎǘƛƻƴ ǘŜǊƳ ōŜǘǿŜŜƴ ǘƘŜ /ŀōŀǊǊǳǎ /ƻǳƴǘȅ 

dummy variable and the temporal dummy variable representing the enactment of Session Law HB 2004-

39.  Beta coefficients for the respective independent variables and the interaction term are represented 

by ß1, ß2 and ß3. 
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Figure 5 Difference-in-Difference Model 

 

 Cabarrus County Control County Difference 

Pre-APFO Policy Change ß0 + ß1  ß0 ß1 

Post-APFO Policy Change ß0+ ß1 + ß2 + ß3 ß0 + ß2 ß1 + ß3 

Difference  ß2 + ß3 ß2 ß3 

 

Figure 5 illustrates the approach.  The coefficient of the interaction term, represented by ß3, is 

referred to as the difference-in-difference estimator.  It measures the causal effect of the APFO policy 

after controlling for inherent differences in housing prices across counties and location invariant 

changes in housing prices over time.31  The difference-in-difference estimators in the hedonic price 

ƳƻŘŜƭǎ ǎƘƻǳƭŘ ōŜ ǇƻǎƛǘƛǾŜ ŀƴŘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ƛŦ /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ ŎƘŀƴƎŜ ƛƴ !tCh ǇƻƭƛŎȅ 

increased new and existing housing prices relative to housing prices in the control county.  Descriptive 

statistics for the dependent and independent variables included in the hedonic models are summarized 

in Figure 6. 

 

 

 

 

 

 

 

                                                           
31

 Difference-in-difference models have been used in a number of studies to examine the impact of various types of 

policy changes on housing prices.  See Galster et al. (1999), Ellen et al. (2003), Dehring et al. (2007) and Deng 

(2007).   
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Figure 6 Descriptive Statistics 

 New Houses (N = 3,948) 

 

Existing Houses (N = 9,917) 

 Mean Std. Deviation Mean Std. Deviation 

LN Sale Price 12.1470 .38658 11.8591 .43750 

LN Bedrooms 1.2226 .24824 1.1491 .20958 

LN Full Baths .7889 .21312 .6382 .30131 

LN Square Feet 7.6067 .35423 7.4497 .35494 

Network System .02 .128 .01 .105 

Security System .12 .320 .24 .428 

Brick Exterior .22 .415 .28 .448 

Fireplace .74 .438 .69 .464 

Golf Course .04 .191 .01 .113 

Lake Access .04 .194 .01 .104 

LN% White 4.4996 .10034 4.4759 .12443 

LN% Change Pop. 3.6492 1.26419 3.3345 1.36334 

LN Pop. Density 5.8668 .80445 6.5041 .87890 

LN Dist. CBD 3.0253 .34753 2.8325 .23060 

LN Dist. Interstate .8318 1.01754 1.0127 .87705 

LN Age at Sale --- --- 2.7711 .82088 

Cabarrus Dummy .5162 .49980 .6048 .48893 

Post APFO .5714 .49493 .5821 .49324 

Cab*Post APFO .3369 .47270 .3523 .47771 
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4.5 Empirical Results   

 Ordinary Least Squares (OLS) regression was used to estimate the preliminary hedonic price 

equations.32  The technique provides the best linear unbiased estimators of the model parameters 

when: the relationship between the dependent variable and the independent variables is linear; 

excessive multicollinearity does not exist between the independent variables; and the residual error 

terms have constant variance, are normally distributed, have a mean equal to zero, and are statistically 

independent from one another (Garson 2008).  Diagnostic tests were completed to assess each of these 

assumptions.  

 Partial regression plots were constructed to visually inspect whether a linear relationship existed 

between the logged sale price of a house and each of the independent variables included in the models.  

No significant curvatures were observed in the scatter plots, suggesting nonlinearity is not a problem.  

The standard deviation of the dependent variable in each model also greatly exceeded the standard 

deviation of the residuals, providing further evidence of linearity.   

 Multicollinearity was assessed by calculating bivariate correlations and Variance Inflation 

Factors (VIFs) for all of the independent variables included in the models.33  VIFs were generally below 

4.0, although there were a few exceptions.  A high VIF was observed for the variable representing a 

ƘƻǳǎŜΩǎ ŘƛǎǘŀƴŎŜ ǘƻ ǘƘŜ /ƘŀǊƭƻǘǘŜ ŎŜƴǘǊŀƭ ōǳǎƛƴŜǎǎ ŘƛǎǘǊƛŎǘΦ  ¢ƘŜ ŘǳƳƳȅ ǾŀǊƛŀōƭŜǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ 

interaction terms created to measure the causal effect of the APFO policy change also had high VIFs.  

Multicollinearity between an interaction term and its component parts is common in difference-in-

                                                           
32

 Preliminary OLS regression results are reported in Appendix B.  The regression results reported in this section 

represent beta coefficients and standard errors obtained after assessing the underlying assumptions of OLS 

regression and making appropriate changes to the model specifications.      
33

 VIFs can be found in Appendix A.  Potential multicollinearity problems were identified by VIFs greater than 4.0.  

The arbitrary cut-off point is often used in the social sciences.    
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difference models and is generally not considered to be problematic.  The VIF of the variable measuring 

logged distance to the central business district, on the other hand, was potentially an issue.         

 Bivariate correlation matrices constructed for the models indicated a strong negative correlation 

between the CBD distance variable and the dummy variable representing Cabarrus County.  The 

relationship wŀǎ ƭƻƎƛŎŀƭ ōŜŎŀǳǎŜ /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ ƳŀƧƻǊ ǇƻǇǳƭŀǘƛƻƴ ŎŜƴǘŜǊǎ ŀǊŜ ŎƭƻǎŜǊ ǘƻ /ƘŀǊƭƻǘǘŜΩǎ 

central business district than the major population centers in Iredell County.  The relationship was 

nonetheless problematic because collinearity could bias the beta coefficient for the Cabarrus County 

dummy variable, which was used to construct the interaction terms measuring the causal effect of the 

APFO policy change. 

 ¢ƘŜ ǇǊƻōƭŜƳ ǿŀǎ ƛƴƛǘƛŀƭƭȅ ŀŘŘǊŜǎǎŜŘ ōȅ ŘǊƻǇǇƛƴƎ ǘƘŜ ǾŀǊƛŀōƭŜ ǊŜǇǊŜǎŜƴǘƛƴƎ ŀ ƘƻǳǎŜΩǎ ŘƛǎǘŀƴŎŜ ǘƻ 

the Charlotte central business district from the hedonic equations.34  This model specification resolved 

the collinearity problem, but it also inflated the beta coefficient of the Cabarrus County dummy variable 

which appeared to capture a portion of the variance in residential property values attributable to 

ǇǊƻȄƛƳƛǘȅ ǘƻ ǘƘŜ ǊŜƎƛƻƴΩǎ ƳŀƧƻǊ ŜƳǇƭƻȅƳŜƴǘ ŎŜƴǘŜǊΦ  ¢ƘŜ ƻǊƛƎƛƴŀƭ ƳƻŘŜƭ ǎǇŜŎƛŦƛŎŀǘƛƻƴΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ /.5 

distance variable, was ultimately determined to be more appropriate in order to provide a more 

conservative estimate of the causal effect of the APFO policy change.35 

Histograms of the regression standardized residuals were constructed to determine if the 

residual error terms generated by the models were normally distributed.  The graphs indicated normal 

distributions, with mean standardized residual error terms close to zero and standard deviations close to 

one.  Constant variance in the residual error terms was assessed by creating a scatter plot with 

standardized residuals on the y-axis and standardized predicted values on the x-axis.  A visual inspection 

                                                           
34

 Results of the OLS regression models estimated without the CBD distance variable are reported in Appendix B.   
35

 Omitting the CBD distance variable inflated the beta coefficient of the Cabarrus County dummy variable, which 

in turn inflated the difference-in-difference estimator measuring the impact of the APF0 policy change on new and 

existing housing prices.   
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of the patterns indicated heteroscedasticity in both models, which was confirmed by Huber-

White/Breusch-Pagan tests.36  Heteroscedasticity robust standard errors were calculated for both 

models.37  

 Independence among the residual error terms is a final assumption of OLS regression that can 

be problematic for hedonic price models used to estimate residential property values.  Housing prices in 

one geographic area are often positively correlated with housing prices in adjacent geographic areas.  To 

the extent the correlation is attributable to externalities omitted or imperfectly measured by the 

hedonic model, the residual error terms of houses in close proximity to each other may also be 

positively correlated (Bowen et al. 2001).38  The issue is referred to as spatial dependence or spatial 

autocorrelation and can result in the estimation of incorrect standard errors when using OLS regression.     

Standardized residual error terms were mapped using Arc View software and visually inspected 

for geographic clusters.  The visual analysis showed little evidence of spatial autocorrelation and cases 

with large residual error terms appeared to be randomly dispersed.  Several cases with high residual 

error terms were also individually examined to identify spatial relationships and none were found.   

Despite these preliminary diagnostic tests, it was not possible to dismiss the possibility of spatial 

autocorrelation in light of numerous econometric studies that have emphasized its prevalence in 

hedonic price models used to examine housing markets (Can 1990, Basu and Thibodeau 1998, Bowen et 

al. 2001).  Cluster robust standard errors were calculated for both models, with residual error terms 

clustered within census block groups.  Relaxing the assumption of independence among the residual 

                                                           
36

 Histograms, scatter plots of the residuals, and results of the Huber-White/Breusch-Pagan tests are reported in 

Appendix A.   
37

 Regression results with robust standard errors are presented in Appendix B.   
38

 Bowen  et al. (2001) notes that spatial autocorrelation can also result from the practice of estimating the market 

value of a house based on the sale price of similar properties in the immediate area.  Real estate agents often use a 

comparable sales approach to help their clients identify an appropriate purchase price or sale price for a house, 

which can potentially result in significant spatial dependence in datasets composed of transactions from a multiple 

listing service. 
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error terms within a cluster in this manner can allow for a more accurate estimation of standard errors 

(Nichols and Schaffer 2007).  

 Table 7 summarizes the results of the estimated hedonic price equations with cluster robust 

standard errors.  Overall, the models performed very well.  F tests indicate both models are statistically 

significant at the .00l level and the adjusted R square values are consistent with the results of related 

studies.  The independent variables included in the models explain approximately 85% of the variance in 

new and existing housing prices.  Beta coefficients for the independent variables are also generally 

consistent with theoretical expectations.    
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Table 7 OLS Regression Results with Cluster Robust Standard Errors 
 

 New Houses Existing Houses  

 B 
(Std. Error) 

VIF  
Score 

B 
(Std. Error) 

VIF  
Score 

Intercept 4.140** 
(.662) 

 4.909** 
(.099) 

 

LN Bedrooms -.188** 
(.057) 

2.503 -.087** 
(.021) 

2.081 

LN Full Baths .165** 
(.032) 

1.666 .094** 
(.016) 

1.861 

LN Square Feet .950** 
(.041) 

2.997 .931** 
(.022) 

2.917 

Network System .145** 
(.042) 

1.038 .045* 
(.014) 

1.020 

Security System .011 
(.019) 

1.094 .044** 
(.005) 

1.066 

Brick Exterior .163** 
(.024) 

1.108 .099** 
(.008) 

1.157 

Fireplace .010 
(.020) 

1.404 .055** 
(.006) 

1.331 

Golf Course .115** 
(.028) 

1.186 .063 
(.033) 

1.045 

Lake Access .107* 
(.009) 

1.111 .138** 
(.022) 

1.190 

LN% White .125 
(076) 

1.584 .160** 
(.033) 

1.364 

LN% Change Pop. .007 
(.009) 

1.652 .016** 
(.004) 

1.334 

LN Pop. Density .009 
(.014) 

2.017 -.016* 
(.007) 

1.622 

LN Dist. CBD .048 
(.067) 

4.292 -.144** 
(.029) 

3.481 

LN Dist. Interstate -.005 
(.009) 

1.424 -.002 
(.006) 

1.320 

LN Age at Sale  
 

N/A N/A -.065** 
(.006) 

1.636 

Cabarrus Dummy .025 
(.046) 

5.141 -.125** 
(.021) 

4.429 

Post APFO .055* 
(.021) 

2.233 .027** 
(.007) 

2.161 

Cab*Post APFO -.003 
(.038) 

3.960 .023* 
(.010) 

3.494 

 Adjusted R2 = .841 
F-Test = 1230.178**                      

Adjusted R2 = .846 
F-Test = 3023.613**          

 
* Indicates significance at the .05 level; ** Indicates significance at the .01 level 
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! ǇƻǎƛǘƛǾŜ ŀƴŘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ǊŜƭŀǘƛƻƴǎƘƛǇ ǿŀǎ ŦƻǳƴŘ ōŜǘǿŜŜƴ ŀ ƘƻǳǎŜΩǎ ǎŀƭŜ ǇǊƛŎŜ ŀƴŘ 

several of the structural variables in both models, including: square footage, full bathrooms, network 

systems, and brick exteriors.  Fireplaces and security systems had a positive and statistically significant 

impact only on the price of existing houses.  As hypothesized, the age of an existing house was found to 

have a statistically significant and negative effect on sale price.  The only surprising finding was a 

negative and statistically significant relationship between housing prices and number of bedrooms, 

which was observed in both models.39  Golf courses and lakes had the expected positive and statistically 

significant relationship to sale price.    

5ƛǎǘŀƴŎŜ ǘƻ /ƘŀǊƭƻǘǘŜΩǎ ŎŜƴǘǊŀƭ ōǳǎƛƴŜǎǎ ŘƛǎǘǊƛŎǘ ƘŀŘ ǘƘŜ ƘȅǇƻǘƘŜǎƛȊŜŘ ƴŜƎŀǘƛǾŜ ŀƴŘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ 

significant relationship to the sale price of existing houses.  New housing prices, on the other hand, were 

ƴƻǘ ŦƻǳƴŘ ǘƻ ŘŜŎƭƛƴŜ ŀǘ ƎǊŜŀǘŜǊ ŘƛǎǘŀƴŎŜǎ ŦǊƻƳ ǘƘŜ ǊŜƎƛƻƴΩǎ ƳŀƧƻǊ ŜƳǇƭƻȅƳŜƴǘ ŎŜƴǘŜǊΦ  !ǎ ǿŀǎ ŘƛǎŎǳǎǎŜŘ 

earlier, collinearity between the Cabarrus County dummy variable and the CBD distance variable may 

have contributed to the result.  The variable measuring logged distance to an interstate was insignificant 

in both models. Since interstates can improve accessibility, as well as increase nuisance factors such as 

traffic congestion and noise, the offsetting impact could explain the results.  Further spatial analysis is 

necessary to examine the relationship in greater detail, which could include the construction of a buffer 

ǾŀǊƛŀōƭŜ ŀǊƻǳƴŘ ǘƘŜ ƛƴǘŜǊǎǘŀǘŜ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ǇǊƛŎŜ ŜŦŦŜŎǘǎ ƻŦ ōŜƛƴƎ άǘƻƻ ŎƭƻǎŜέ ǘƻ ŀ ƳŀƧƻǊ ǘǊŀŦŦƛŎ ŀǊǘŜǊȅΦ         

   Neighborhood characteristics were also found to have a measurable impact on existing housing 

prices.  Population growth and the percentage of white residents at the census block group level had a 

statistically significant and positive effect on home values.  Population density had a negative and 

statistically significant effect on existing housing prices, which may indicate houses on larger lots sold for 

                                                           
39

 There is some evidence in the housing literature that additional bedrooms can decrease residential property values, 

holding square footage constant, because an increase in the number of bedrooms implies smaller bedrooms that are 

potentially less attractive to homebuyers.  Interaction effects between bedrooms and square footage were not, 

however, explored in greater detail because estimating the implicit marginal price of the structural variables was not 

a primary objective of this dissertation.   
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more than houses on smaller lots.  However, is impossible to empirically support the assumption 

without a reliable measure of lot size.  Population density could also be related to open space amenities 

or differences in public services and tax rates across the county.     

 None of neighborhood variables included in the new housing model were statistically significant 

at conventional levels.  The result was not terribly surprising because much of the new residential 

development in the study period occurred on previously undeveloped tracts of land.  Neighborhood 

characteristics in these areas such as socioeconomic composition, population growth, and density were 

largely defined by the characteristics of the new subdivisions themselves.  Variables obtained from the 

2000 U.S. Census may therefore inaccurately reflect the demographic profile of these areas after the 

new construction occurred.  Nonetheless, clustering residuals at the census block group level should 

help ensure the calculation of accurate standard errors in the new housing model in the event the 

residual error terms in these neighborhoods were correlated due to the imperfect measurement of 

positive or negative externalities.   

 The dummy variable included in the model to represent houses sold before and after Cabarrus 

/ƻǳƴǘȅΩǎ !tCh ǇƻƭƛŎȅ ŎƘŀƴƎŜ ƘŀŘ ŀ ǇƻǎƛǘƛǾŜ ŀƴŘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ǊŜƭŀǘƛƻƴship to housing prices in 

both models.  Such a result was anticipated due to inflation, favorable housing market conditions during 

the study period, and the APFO policy change.  The county level dummy variable indicated no 

statistically significant difference in new housing prices between the two counties.  Existing housing did, 

however, sell for significantly more in Iredell County.   

 ¢ƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ǘŜǊƳǎ ŎǊŜŀǘŜŘ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ƛƳǇŀŎǘ ƻŦ /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ !tCh ǇƻƭƛŎȅ ŎƘŀƴƎŜ 

on new and existing housing prices offered interesting results.  For consistency, the coefficients of the 

interaction terms are referred to as the difference-in-difference estimators.  The difference-in-

difference estimators can be used to estimate the causal effect of the policy change in one of two ways:  
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1) Cabarrus County housing prices can be examined before and after the policy change controlling for 

any time trend or 2) Cabarrus County housing prices can be compared to Iredell County housing prices in 

the post-APFO policy change period after controlling for any price differences that existed in the pre-

APFO policy change period.  Both approaches yield the same causal effect, as illustrated in Figure 4.4(a).   

 Virtually no difference in new housing prices was observed in the two counties following APFO 

policy change.  The difference-in-difference estimator in the model for existing housing offered contrary 

results.  Existing housing prices in Cabarrus County were found to increase by approximately 2.3% after 

the enactment of Session Law 2004-39.    

Four steps were taken to estimate the causal effect of the APFO policy change on the price of a 

άŎƻƴǎǘŀƴǘ-ǉǳŀƭƛǘȅέ ŜȄƛǎǘƛƴƎ ƘƻǳǎŜ ƛƴ ŘƻƭƭŀǊǎΦ  ¢ƘŜ ƳŜŀƴ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ŎƻƴǘǊƻƭ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ ŦƛǊǎǘ 

incorporated into the hedonic equation. Temporal and county dummy variables were then dropped 

ŦǊƻƳ ǘƘŜ ƳƻŘŜƭ ŀŦǘŜǊ άŘƛŦŦŜǊŜƴŎƛƴƎ-ƻǳǘέ ǘƘŜƛǊ ŜŦŦŜŎǘǎΦ  ¢ƘŜ ƴŀǘǳǊŀƭ ƭƻƎ ƻŦ ǎŀƭŜ ǇǊƛŎŜ ǿŀǎ ƴŜȄǘ ŜǎǘƛƳŀǘŜŘ 

with and without the inclusion of the difference-in-difference estimator.  Finally, the exponentials of the 

estimated logged sale prices were calculated and compared.  Existing housing prices in Cabarrus County 

were found to increase by $4,351 after the policy change.           

V. Policy Implications 

 The inconsistent nature of the empirical results make it impossible to definitively conclude that 

the APFO policy change increased both new and existing housing prices in Cabarrus County.  Existing 

housing prices were found to increase by $4,351 in response to heightened APFO standards, while new 

housing prices were unaffected.  The results must be examined within the context of existing economic 

theory to determine if misspecification of the hedonic equations contributed to the inconsistency.     
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 Existing housing prices were found to increase in response to the assessment of development 

fees in a number of the empirical studies summarized in the literature review of this dissertation.  The 

result is potentially attributable to both supply-side and demand-side factors.  Additional regulatory 

costs are expected to constrain new housing supply in a competitive market unless the costs can be 

passed forward to homebuyers or backwards to undeveloped land owners.  An increase in new housing 

prices attributable to additional regulatory costs should put upward pressure on the price of existing 

housing as well to the extent it offers homebuyers a close substitute.   

 {ƛƴŎŜ ǘƘŜ ǇǊƛŎŜ ƛƴŎǊŜŀǎŜ ƻōǎŜǊǾŜŘ ƛƴ /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ ŜȄƛǎǘƛƴƎ ƘƻǳǎƛƴƎ ƳŀǊƪŜǘ ǿŀǎ ǊƻǳƎƘƭȅ 

equivalent to the size of the voluntary APFO fee assessed after the enactment of Session Law 2004-39, 

the results could indicate that the entire fee was passed forward to new homebuyers and eventually 

fully capitalized into the price of existing housing.   Such an explanation is plausible in light of economic 

theory, but it is problematic in the case at hand because no price increase was observed in Cabarrus 

/ƻǳƴǘȅΩǎ ƴŜǿ ƘƻǳǎƛƴƎ ƳŀǊƪŜǘΦ        

 An increase in housing demand after the APFO policy change offers an alternative explanation 

for the results observed in the empirical analysis.  Homebuyers may have increased bids for existing 

housing units in anticipation of infrastructure improvements, future property tax savings, or positive 

externalities associated with controlled growth.  Once again, the explanation is problematic because 

these benefits would presumably be capitalized into the price of new housing unless infrastructure 

improvements and positive externalities were expected to primarily benefit neighborhoods composed 

of existing housing units.  The nature of APFOs and voluntary mitigation payments make this unlikely 

given that development fees are designed to provide infrastructure improvements directly benefiting 

the subdivisions from which they are derived.   
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 The inability to explain the results of the empirical analysis with conventional economic theory 

justifies a closer examination of the hedonic price models to determine if misspecification contributed 

to the inconsistent results.  One possible explanation is a shift in the characteristics of Iredell CountȅΩǎ 

new housing stock, unaccounted for in the hedonic model, that increased new housing prices over time 

ŀƴŘ ǿŀǎƘŜŘ ƻǳǘ ŀƴȅ ƳŜŀǎǳǊŀōƭŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ !tCh ǇƻƭƛŎȅ ŎƘŀƴƎŜ ƛƴ /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ ƴŜǿ ƘƻǳǎƛƴƎ 

market.  While the visual analysis completed to diagnose spatial dependence did not indicate clustering 

of high residual error terms in new subdivisions throughout Iredell County, more advanced spatial 

analysis may be necessary in the future to rule out a localized shift in housing characteristics over time.   

 The results of the empirical analysis presented in this study are somewhat inconclusive, but they 

Řƻ ǇǊƻǾƛŘŜ ǎƻƳŜ ŜǾƛŘŜƴŎŜ ǘƘŀǘ /ŀōŀǊǊǳǎ /ƻǳƴǘȅΩǎ ƘŜƛƎƘǘŜƴŜŘ !tCh ǎǘŀƴŘŀǊŘǎ Ǉǳǘ ǳǇǿŀǊŘ ǇǊŜǎǎǳǊŜ ƻƴ 

housing prices.  The magnitude and timing of the price increase observed in the existing housing market 

additionally suggests consumers expected the policy change to influence supply or demand 

fundamentals in the market, encouraging an increase in housing bids in an amount roughly equivalent to 

the voluntary mitigation payment required by the APFO.  Cabarrus County policymakers interested in 

maintaining housing affordability should consider the findings carefully as they continue to revise the 

APFO implementation strategy to meet the financial needs of the local school districts.    
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APPENDIX A: OLS REGRESSION DIAGNOSTIC TESTS 

Histogram: New Housing Model 

 

 

 

Histogram: Existing Housing Model  
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Scatter Plot of Residuals: New Housing Model 

 

 

 

 

Scatter Plot of Residuals: Existing Housing Model  

 

 

 

Huber-White/Breusch-Pagan Test for Heteroscedasticity 
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