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Abstract 

The remediation and redevelopment of brownfields are important for achieving sustainable 

neighborhoods.  Voluntary cleanup programs (VCPs) have been established by most states as the 

principal tool for brownfield redevelopment.  Therefore, it is important to understand what site 

and neighborhood characteristics make it more likely for brownfield property owners to 

participate.   We provide policy-makers with more information with which to adjust the focus of 

this widely-used mechanism.   

 

We investigate the factors that determine participation in VCPs.  We ask the question: What site 

and neighborhood characteristics prompt property owners to apply to the program? This question 

is addressed by conducting a single-market analysis in Dallas, Texas; using geographic 

information systems (GIS) based methods to analyze each brownfield site at the parcel level to 

determine VCP participation characteristics.  A stratified duration model is estimated using 

13,295 parcels (620 entered the VCP program). 

 

Important implications are uncovered regarding what is likely to motivate a property owner of a 

contaminated site to participate and impact the surrounding neighborhood.  As a whole, our 

findings suggest that the Texas VCP is successful for Dallas properties that are already attractive 

for redevelopment and are located in the healthier areas of the city; the program is not equally or 

equitably distributed.  We also discover that concurrent economic incentive programs have a 

strong influence on VCP participation.  Finally, the presence of other VCPs within close 

proximity to a contaminated site encourages participation when coupled with high development 

potential as exhibited by large projects; this may prove to be a tool for public agencies in 

encouraging participation. This research suggests that layered incentives create a supportive 

environment for brownfield remediation when linked to positive economic redevelopment 

potential.  
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1. Introduction 

 

The remediation and redevelopment of brownfields constitute an important facet of a holistic 

approach to attain sustainable neighborhoods. Due to its focus on locating responsible parties to 

recover cleanup costs and enforcing retroactive liability, environmental regulation under 

CERCLA had the unintended consequence of discouraging cleanup and reuse of these 

contaminated or potentially contaminated sites.
2
  In some cases, liability concerns result in 

brownfield property owners concealing contamination, especially if the sites do not have 

anticipated financial returns that outweigh any cleanup and redevelopment costs. 

 

Programs and legislation have evolved to work towards providing incentives to redevelop 

brownfields.  The Small Business Liability Relief and Brownfield Revitalization Act of 2002 

attempted to mitigate some of the disincentives by providing limited liability relief.
3
   In the mid-

1990s, many states started voluntary cleanup programs (VCPs), which use various economic 

incentives to encourage the reuse of these properties and mitigate some of the disincentives of 

the enforcement approach of CERCLA.
4
 The trade-off involves providing assurance that the sites 

are remediated to particular standards in exchange for protections against liability. 

 

Brownfields are idle and underused resources that could provide benefits, such as augmented 

property values and additional tax revenues if remediated (U.S. Environmental Protection 

Agency 2007). Many of these sites were abandoned by defunct businesses and their cleanup may 

be a costly undertaking.  While the problem posed by brownfields is certainly pervasive and 

significant, the full scope is unknown.  Estimates indicate that the U.S. has over 450,000 

brownfields (U. S. Environmental Protection Agency 2007) located throughout the country and, 

probably, in every urban community (Leigh and Coffin 2005). The goal of VCP is to motivate 

the cleanup these contaminated properties.  It is then relevant to understand what induces a site 

to participate.   

 

There is little research regarding the determinants of participation in VCPs. With the exception 

of three recent studies; not much is known regarding what motivates a property owner to 

participate in voluntary cleanup program.  The U.S. system of loosely organized, decentralized 

and market-based approach of the redevelopment of brownfields means that programs vary 

widely from state-to-state.  Since state VCP policies are diverse, it is relevant to determine if the 

same characteristics are drivers for participation across programs. Understanding the 

characteristics of properties that participate has obvious policy implications.  

 

In this paper, we explore the question: What are the determinants of participation in the Texas 

VCP? Or, what site and neighborhood characteristics prompt its owners to apply to the program?  

Our research also asks if other economic incentive programs or the prior decision to participate 

of nearby parcels affect the likelihood of participation.  This is addressed by conducting a single-

                                                 
2
 Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA or Superfund), Pub. L. No. 

96-510, 94 Stat. 2767 (1980) (codified as amended at 42 U.S.C. §§ 9601-9675). 
3
 Small Business Liability Relief and Brownfields Revitalization Act, Pub. L. No. 107-118, (2002) (codified as 

amended in scattered sections of 42 U.S.C. §§ 9601-9628). 
4
 Forty-nine states currently have formal VCPs, 23 have a current Memorandum of Agreement (MOA) with the 

EPA. 
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market analysis in Dallas, Texas within the state voluntary program (Texas VCP) to analyze each 

brownfield site at the parcel-level.  We examine Dallas VCP participation from the program’s 

inception in 1995 through the end of 2007.  A duration model is estimated using 13,295 parcels, 

of which 620 entered the VCP program, to identify site characteristics that lead to participation. 

 

This study extends the literature by using a large and distinctive data set, consisting of Texas 

VCP participants in Dallas, with information at the individual tract level. Geographic 

information system (GIS) based methods are incorporated by mapping each site and linking them 

to their respective parcels.  Additionally, we include controls for characteristics of determination 

which have not had a clear footing in prior studies; this is true for the internal determinants for a 

site, its neighborhood and region, as well as sources of external policy diffusion, such as from 

nearby participants and competition from concurrent economic incentives.  We show important 

implications regarding what is likely to motivate a property owner of a contaminated site to 

participate and therefore provide policy-makers with more information with which to adjust the 

focus of this widely-used mechanism.  Central amongst our findings confirm the findings of 

Alberini (2007) and Blackman et al. (2008), that participation by Dallas parcels in the Texas 

VCP are likely those that already have good potential for improvement and are located in 

healthier areas of the city. 

 

We have organized the remainder of this paper as follows.  In Section 2 we provide the 

background regarding the Texas VCP. Section 2 reviews the literature germane to our research 

premise.  Section 4 explains the study plan.  Section 5 is a review of estimation results.  Section 

6 concludes with a discussion of the research results and policy implications. 

 

2. Texas VCP 

 

Brownfield redevelopment in the U.S. has a loosely organized, decentralized and market-based 

approach.  Each state is responsible for the administration of programs within standards and 

mechanisms directed by the federal government.  Due to the diversity of state VCP features and 

the availability of data, it is not feasible to perform a national-level analysis.  We focus on the 

program of one state, Texas.  In Texas, the supervision of brownfield revitalization is performed 

by Texas Commission on Environmental Quality (TCEQ).  As with most VCPs, the Texas VCP 

liability relief and variable cleanup standards motivate more efficient remediation projects (U.S. 

General Accounting Office 1997). 

 

The Texas VCP was established in 1995 and a Memoranda of Agreement (MOA) was signed 

with EPA Region 6 in 1996.  It provides administrative, technical and legal support to motivate 

the cleanup of brownfields.  The MOA indicates that if a site receives a Certificate of 

Completion (COC) from the state, there is no CERCLA enforcement action by the EPA.  The 

Texas VCP objectives are to promote assessment and cleanup of brownfield sites through 

offering incentives such as: liability relief, enforcement protections, and the means of achieving 

closure to realize latent property value (Texas Commission on Environmental Quality 2007). 

 

Participation is open to any site except where federal or state agency enforcement is pending. An 

application, a site environmental assessment and $1,000 fee and reimbursement for state 

oversight are required from prospective participants.  Cleanup standards are chosen based upon 
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the environmental assessment and contaminants of concern.  The oversight of the cleanup varies 

depending on the standards in place. After the successful remediation of the site is certified as 

complete, participants receive a final COC.   

 

The Texas VCP has a Tax Increment Financing (TIF) feature. Property revaluation tax 

abatements are used on a sliding scale to attract private investment to brownfields and allow 

breathing room to owners before they are taxed at their increased value. With some limitation, 

cleanup costs are fully deductible as business expenses in the year they are incurred or paid 

through the Federal Brownfield Tax Incentive during this study.  Dallas also employs a TIF 

mechanism that is not connected to cleanup that gathers revenue to fund projects by using 

additional revenues as properties are redeveloped to reimburse costs.
5
 During the years of the 

study, there are 12 active TIF districts which target improvements in designated areas of the city.   

 

3. Prior Literature 

 

The existing literature on various VCP policies is predominately descriptive in nature (Bartsch 

and Deane 2002). There are also a few studies on trends and outcomes of these programs 

(Winson-Geideman et al. 2004, Page and Berger 2006).  In addition, three papers by Alberini 

(2007), Blackman et al. (2008) and Guignet and Alberini (2009) provide econometric analyses of 

VCP participation in Colorado, Oregon and Maryland, respectively.   

 

An obstacle in performing econometric analysis of VCP participation is in identifying the precise 

location of the contaminated site.
6
  Inaccuracies and incomplete information provided by 

program agencies makes the establishment of a participant group costly and limits the scope of 

studies.  Blackman et al. (2008) and Guignet and Alberini (2009) use GIS techniques to locate 

and map specific sites; but in both papers, the authors end up dropping a significant number of 

observations due to data inconsistencies or the lack of required information.  

 

Since only a handful of states maintain a database of nonparticipating candidate sites, one of the 

challenges of studying state VCPs is the identification of the counterfactual. As is the case of 

most states, Colorado and Maryland do not maintain a database of contaminated properties.  

Alberini (2007) forms a control group from sites that have been identified as needing inspection 

for possible cleanup, supplemented by randomly selected sites in the same geographic area as the 

participants that are of similar land use.
7
  Guignet and Alberini (2009) take a similar approach.  

Oregon is one of a handful of states that maintain a database of nonparticipating candidate sites, 

and this provides Blackman et al. (2008) a certain advantage over other program studies, 

including the Texas VCP.   The authors indicate that the use of the public disclosure policy tool 

in Oregon is a critical driver of participation and it enhances both regulatory and community 

pressure to join the program. 

                                                 
5
 These TIFs abate property taxes associated with Dallas County, City of Dallas, and county community college and 

public school district at various levels depending on the individual district.  Some of these districts are active for the 

entire life of the study, whereas others may be active during one year. 
6
 For those states with a MOA, the EPA requires that information on participating VCP sites will be reported to the 

agency on a routine basis.  The Texas VCP must provide this information monthly. 
7
 The sites identified were delisted by CERCLA, ostensibly due to insufficient contamination to be considered for 

Superfund cleanup.  Alberini finds that the Colorado VCP does not absorb properties that have been removed from 

the CERCLA site list. 



4 

 

Although the literature on the determinants of VCP participation is scarce, participation in 

various other voluntary environmental programs has been the topic of several papers in the past 

(Alberini and Segerson 2002, Lyon and Maxwell 2007). Research indicates that multiple 

stakeholders influence participation, as do the associated costs and benefits.  Consumers and 

communities create incentives to join VCPs and increased public awareness motivates firms to 

cleanup sites with high visibility. Videras and Alberini (2000) show that participation in federal 

voluntary environmental programs, including the Waste Wi$e and Green Lights programs, are 

influenced by direct sales to consumers.   

 

Wernstedt et al. (2006) indicates that contaminated site owners are motivated to cleanup more by 

liability relief than for remediation cost reimbursements. Economic incentives, such as tax 

abatements, are also found to motivate brownfield redevelopment (Sherman 2003).  Guignet and 

Alberini (2009), Blackman et al. (2008) find that median housing value (a proxy for market 

value) does not affect participation; however Alberini (2007) finds that property value improves 

as a result of the participation in VCP. Contrary to expectations, Alberini (2007) and Guignet 

and Alberini (2009) determine that the availability of financial incentives (such as special 

brownfield zone tax credits) does not affect the likelihood of participation in VCP.  

 

If a No Further Requirements Determination (NFR) is directly granted upon application, it 

implies that the site has either minimal or no resident contamination and the participation 

decision is driven by liability protections to pave the way for ease of redevelopment.
8
  Alberini 

(2007) and Guignet and Alberini (2009) find that well over 60 percent of participating parcels 

directly applied for an NFR.  Taken together, these studies imply that properties with high 

development potential and high market values are more likely to join VCP. 

 

The location and land use of a site embodies market forces critical to brownfield redevelopment.  

This is encompassed in its geographic location, the structure of the resident population and its 

current approved use classification.  Due to the diverse configuration of research catchment 

areas, homogeny between sub-economies cannot be assumed.  Blackman et al. (2008) find that 

regional differences are important.  Whereas Alberini (2007) finds that more residential use 

within the area is a driver for redevelopment, Blackman et al. (2008) and Guignet and Alberini 

(2009) indicate that industrial and commercial uses will continue on these sites and they are not 

likely to be redeveloped for future residential use. All three of these econometric studies indicate 

that land use is a key determinant of VCP participation.   

 

The diffusion patterns and determinants of policy adoption across states have been examined in 

past research; however we were unable to locate any that directly identify participation diffusion 

among individual sites within a state’s VCP.
9
  Daley (2007) indicates that the motivation to 

adopt VCP in a particular state comes from internal determinants and the diffusion of innovation.  

The adoption decisions of surrounding states serve as an external motivation to state policy 

action.  Guignet and Alberini (2009) find that VCP sites tend to cluster with previously enrolled 

                                                 
8
 The Texas program refers to this designation as No Further Action (NFA) as a result of finding minimal 

contamination in the Phase II Environmental Site Assessment, which typically involves the testing of soil and 

groundwater.   
9
 The diffusion of a new policy, program or technology is generally considered as its spread within or between an 

area, field, region or sector.  In this case, we refer to the geographic spread. 
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VCP properties located in industrial areas.  However, this research doesn’t take the next step to 

uncover contagion; whether the proximity of a previously enrolled VCP encourages participation 

or if brownfields simply tend to be spatially clustered. 

 

4. Study Design 

 

It is evident that study of the determinants of participation of sites in state VCPs is limited.  To 

extend the sparse literature of determinants to participate in state VCPs, now including only 

Colorado, Oregon and Maryland, we add an examination of the Texas VCP.  To determine which 

characteristics motivate a parcel to participate in the VCP, we estimate a Cox duration model to 

explain the intertemporal relationship between the covariates and participation in VCP. We 

define participation as the submittal of a complete application to the program.  

 

It is assumed that brownfield site owners and developers apply to the program if there are 

positive net benefits to participation. These benefits include liability relief, reduced uncertainty, 

reduction in costs of cleanup due to mechanisms such as flexible standards, realizing true market 

property value and tax credit received after a COC award minus the costs of participation.  The 

net benefit of program participation varies across properties and there is no direct observation of 

the costs and benefits.  Therefore, using parcel-level data, we can observe the application choice 

and characteristics that proxy for the costs and benefits related to that choice. 

 

4.1 Regression Sample 

 

The TCEQ maintains a database of projects that have participated in the Texas VCP since its 

inception in 1995.  These data are a complete set of properties of this program; however they are 

not the data of all contaminated brownfield properties in Texas. Although these data cannot 

inform about all brownfield sites, they can demonstrate the characteristics of the brownfield sites 

that participate in VCPs.   

 

The original data includes information on sites for all Dallas VCP applications received by 

TCEQ between the start of the program in 1995 and 2007.  We visited the TCEQ office in Austin 

Texas and physically reviewed all of the available files for 362 Dallas VCP project candidates 

identified from lists provided by TCEQ.  From these files, we extracted mapping information to 

specify the exact parcels for each project.  Addresses and site maps were used to geocode so that 

each brownfield site is associated with a parcel and its particular Dallas Central Appraisal 

District (DCAD) account number.
10

  Due to information inaccuracies and incompleteness for 

some records, the brownfield site “participant group” data narrowed to 285 VCP projects, which 

encompass 620 parcels that have been successfully matched to street addresses, mapped, and 

then matched to DCAD account data (Figure 1).
11

  

 

                                                 
10

 Some VCP projects are associated with more than one parcel.  
11

 In addition to the projects that were eliminated from the study due to information problems, six projects were 

excluded since the economic activity was uncharacteristic of the balance of the study set. These VCP sites were also 

very small portions of uncommonly large parcels and included landfill, power plant, cement plant and airport 

projects.   
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The data includes the Dallas participants in the Texas VCP, as the “participant group”.  

Participation in a VCP is motivated by local real estate demand and economic redevelopment 

potential.  Therefore, they do not include other brownfield sites that may exist and have not 

enrolled in this program.  The individual sites selected for the “control” group of 

nonparticipating candidates are constructed to augment the VCP sites. In keeping with its pro-

business outlook, Dallas purposely does not provide a mechanism to track contaminated 

properties (Coffin 2003); therefore, we pooled the Dallas VCP parcels with a geographic sample 

of parcels with similar land use; commercial, industrial, or of mixed use that are within 500 

meters of each participating site (Figure 2). 

 

Noonan and Vidich (1992) indicate that based on categories of industrial and commercial land 

use; there is considerable probability of site contamination. Therefore, properties that fill these 

categories are comparable with those that are participants of VCP and it is because of this that 

they are deemed to be credible as candidates.
12

 All parcels that met these criteria are retained in 

the sample and total 12,675 parcels.  Therefore, the final data set pools 620 Dallas parcels that 

are participants in the Texas VCP with a control group of 12,675 non-participant candidate 

parcels that are eligible for the VCP.  The total sample size for this study is 13,295 City of Dallas 

properties within Dallas County.  

 

Since it has been suggested that CERCLIS archived sites are a source for VCPs, we compare the 

Texas VCP participants with these sites in Dallas (Alberini 2007). There are 62 sites that are 

successfully mapped from the CERCLIS archived site list. Only twelve Dallas parcels formerly 

under CERCLA are linked to the VCP participants.  These sites were mainly located in the more 

affluent districts of the city (North and Central). This comparison is done to determine if the 

EPA’s sites are a supply for the VCP. Similar to Alberini (2007), we determine that the Texas 

VCP is an incentive to permit otherwise unknown sites to materialize. 

 

Of our 13,295 eligible parcels, 620 (4.7 percent) applied for participation in the Texas VCP.  

VCP applicants were mostly the owner (54.6 percent) or purchaser (36 percent) of the 

contaminated parcel.  Of the 302 completed parcels, only 5 (1.7 percent) were closed within 85 

days.
13

  The remaining 297 (98.3 percent) completed parcels average 948 days (almost 3 years) 

in the program prior to completion.  Additionally, all applicants are required to submit an 

intended cleanup action plan and identify all areas of known or suspected contamination with 

submission of their application. This indicates that unlike Alberini (2007) and Guignet and 

Alberini (2009), the majority of the Dallas VCPs were not in the program solely for the purpose 

of directly obtaining a cursory certificate of completion and that actual remediation is being 

performed on these sites.  

 

                                                 
12

 Noonan and Vidich (1992) indicate that commercial and industrial use parcels have a moderate to high 

probability of contamination.  For example, sites with previous industrial use have from 65-99percent frequency of 

contamination.  Contamination information was only available for the VCP participant parcels. The media affected 

was soils, groundwater, or a combination of both.  Total petroleum hydrocarbons (TPHs), volatile organic 

compounds (VOCs), metals, and chlorinated solvents were the predominant categories of contaminants.   
13

 Only one site was closed in 13 days. Two others were closed within 31 and 43 days.  The remaining two were 

designated as complete within 81 and 85 days.  All 5 of these properties were closed with a Final COC designation. 

No record of a direct NFA was recorded for any of the Dallas participants. 
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4.2 Variables 

 

Our data analysis is based on the unbalanced panel formed from the described sample including 

13,295 parcels over 13 years (169,631 observations; or time at risk).  The means for the variables 

used in the econometric analysis for the entire sample and the subsample regions are reported in 

Table 1.  This research incorporates data from several sources, including site information from 

TCEQ, property variables from DCAD, demographic data from the 2000 U.S. Census, economic 

incentive data from Dallas Office of Economic Development, and geographic information from 

North Texas Council on Governments. 

 

The determinants of participation are analyzed using six types of variables: (1) variables that 

capture site and neighborhood characteristics; (2) a continuous variable that captures the percent 

residential land use activity within each parcel’s census tract; (3) a dichotomous variable that 

indicates the presence of a concurrent economic incentive in a given year, in this case, TIFs; (4) 

a continuous variable that captures the presence of VCP participating sites within 500 meters in 

the prior year; (5) dummy variable that controls for the inclusion in a large or multi-parcel 

brownfield redevelopment project in a given year; and (6) a variable that interacts these projects 

with the prior VCPs within 500 meters in the given year. 

 

We include nine variables that measure relevant characteristics of the site, its location, and the 

neighborhood in which it is found.  These variables are: (1) site area; (2) a dummy variable 

indicating the presence of a building; (3) distance from the Central Business District (CBD); (4) 

distance from the closest major highway; (5) census tract population density; (6) census tract 

percent below the poverty level; (7) census tract median housing value; (8) census tract percent 

Black (race) population; and (9) census tract percent Hispanic (ethnic) population. 

 

Site and neighborhood variables are good proxies for market forces critical to brownfield 

redevelopment. Larger parcels have higher redevelopment potential and Alberini (2007), Guignet 

and Alberini (2009) find that larger properties are more likely to participate in their respective 

programs; therefore include a continuous variable that measures the square hectometers of each 

property and we expect increased size to be positively correlated with participation. Also, the 

existence of structures on site may influence the decision to remediate since it could involve cost 

of demolition or the benefit of reuse, depending on the end use of the property.  The 

hypothesized effect on participation is uncertain.   

 

The distance from the parcel to major highways and the CBD may provide incentive to 

remediate a property due to its proximity to other businesses and/or access to transportation.  

However, highways are relatively ubiquitous in the Dallas landscape.  Although Dallas contains 

a relatively weak CBD, the Central region is home to a significant Arts District, American 

Airlines Center and Victory Park development, financially oriented business, and light rail lines 
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have recently brought ease of access from suburbs.
14

  Business within the city is highly 

disbursed. Despite the fact that Alberini (2007), found these characteristics negatively correlated 

with participation, due to the city’s makeup we are uncertain if close proximity to these 

amenities will have substantial effect. 

 

Since no uniform definition of Dallas regions exists, three major regions are constructed using 

major highways and waterways.  These regions are Central, South, and North (Figure 1). The 

South is known for its higher concentrations of lower income citizens.  The North region of 

Dallas is of newer development and is by and large more affluent than the South.  Generally 

speaking, as one travels in a northern direction through Dallas, the incomes increase and the 

concentration of minorities decrease.  We collected information from the 2000 census regarding 

characteristics of neighborhoods, defined by the census tract (population density, percent below 

poverty level, median housing value, percent Black, and percent Hispanic).
15

  The neighborhood 

effect is indicated by the population; the assumption is that as incomes increase the quality of 

neighborhood choices will improve.  With economic growth of an area, the incidence of poverty 

then decreases.  Residents with higher income will demand a higher living standard and better 

amenities; such as environmental conditions (Leigh and Coffin 2005).    

 

Although the Texas VCP has a TIF provision, other TIFs exist concurrently that are unrelated to 

contaminated sites.  TIFs are used to motivate development projects by making them more 

financially attractive and to invest in particular neighborhoods. Infrastructure improvements are 

targeted for these districts and may include new roads and utilities. Also, in some circumstances, 

TIF funds may be used for environmental remediation; this last point makes these districts of 

particular interest to VCP participation choice. 

 

The presence of other participating sites within 500 meters is captured using a continuous 

predictor identifying the number of VCP participants in the prior year that are within 500 meters.  

The existence of other participants in the same area provides information and incentive to 

participate in the program to decision makers for surrounding parcels.  Program contagion will 

add market pressure to participate in redevelopment as nearby projects are performed.  Once a 

parcel is remediated, the neighboring properties will find it attractive to participate since 

uncertainties about the program process and outcomes will diminish over time.  Similarly, the 

program will progress over time as professionals become more skilled in its practice.  A 

contagion effect occurs when VCP participants motivate the subsequent involvement of nearby 

parcels and are not merely situated in close proximity. 

 

The existence of large VCP projects or projects that encompass many parcels, such as the 

Victory Park redevelopment, performed in a given year will impact development decisions in the 

                                                 
14

 The 72-acre Victory Park development is anchored by the American Airlines Center, and once housed a city 

dump, power plant, railroad maintenance, and meat packing facilities.  This project was a public-private partnership 

between developers and the City of Dallas.  An expenditure of $12 million in environmental cleanup and the 

remediation of 25 parcels make this brownfield project an unusual case among Dallas brownfield VCP projects 

(Brownfield News 2005). 
15

 We collected values for properties compiled for tax assessment purposes, but based on DCAD’s fragmented 

record-keeping methods were unable to correctly account for the complete value per property. Median housing value 

is employed as a proxy for market value. 
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periods that follow.  As large investments in a community are made, it is assumed that additional 

redevelopment will become viable as blight is replaced by revitalization. 

 

4.3 The Model 

 

Duration models have been used extensively in various fields, for example, in epidemiology they 

are used to uncover the length of time that patients with terminal illnesses will survive (Box-

Steffensmeier and Jones 2004).  A hazard rate, h, is estimated by the duration model.  The hazard 

function h (t) is the conditional probability that a parcel will participate in VCP at time t, given 

that it has not yet participated.
16

  It is the probability that a parcel will participate (experience the 

event) at time t while it is at risk for the event.  Therefore, the hazard rate is the unobserved rate 

for the occurrence of the event.  The hazard rate is defined as: 

 

(Eq. 4.1)  

 

F(t, Xt, β) is the cumulative distribution function of f(t).  It specifies the probability that a parcel 

has participated in VCP prior to time t, f(t, Xt, β) is its density function.  The explanatory 

variables vector is Xt, which are the characteristics that can vary over time. The vector of 

estimated parameters is identified by β.  

 

(Eq. 4.2)   

 

The baseline hazard, h0(t), is assumed to be the same for all parcels and is a function of time.  

The balance of the hazard rate is a function of the explanatory variables.  The hazard of 

participating in VCP is assumed to be the same in a particular year for parcels with similar 

covariates.  The Cox regression forms a risk set (the parcels that are at risk of participation) at 

each failure time and then maximizes the conditional probability of participation (Cleves, 

Gutierrez and Marchenko 2008).  

 

The assumptions of the decision process are relevant when discussing participating in VCP.  The 

hypotheses that are formed regarding the characteristics of a given site, its neighborhood, 

concurrent economic incentives, the existence of nearby sites that have recently participated, and 

large VCP projects in a given year are important.   Assumptions regarding the choice for 

participation in VCP will determine the duration dependence pattern.  For example, the 

hypotheses regarding the role of other VCP sites in close proximity in the prior year is expected 

to shape the pattern of participation.  When a nearby site participates, it may motivate several 

neighboring sites to redevelop.   The hazard rate would be expected to increase and the 

probability of participation in VCP will increase.  After the first year, it is anticipated sites that 

were going to participate will have done so.  After the first couple of years, information 

regarding the program and subsequent cleanup and redevelopment of participating sites will be 

evident to surrounding property owners.  Site and neighborhood characteristics may delay early 

participation choices of some parcels until redevelopment in the vicinity is evident.  It is difficult 

to predict the shape of the hazard function after we control for the covariates.  Therefore, the 

conditional hazard rate may take on various shapes (i.e. monotonically increasing, monotonically 

decreasing, or constant). 

                                                 
16

 Years are the temporal unit of analysis.   
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The Cox model is semi-parametric, it assumes that the hazard rate is a function of the baseline 

hazard and the covariates, but the specific distributional form of the duration time is not 

defined.
17

  This gives it the benefit of not needing to define the relationship between the 

covariates and can be left unestimated.  Therefore the hazard rate is estimated without needing to 

know the baseline hazard rate’s shape. 

 

Stratified Cox regression is used to relax the assumption of proportional hazards for Dallas 

regions (categorical predictor).  The risk set for each participation is confined to the parcels in 

the same stratum as the parcel contributing to the numerator.  The city’s three regions have 

differing cumulative hazards. This indicates that the model should be stratified by region.  

Therefore, the baseline hazard assumption from equation 4.2 is indicated for parcel j in equation 

4.3 is relaxed in favor of equations 4.4 through 4.6. Thus, the coefficients, βx are constrained 

based on the observations, however, the baseline hazards are permitted to vary by region  

(Cleves, Gutierrez and Marchenko 2008). 

 

(Eq. 4.3)   

(Eq. 4.4)  , if j is in the North Region, 

(Eq. 4.5) , if j is in the South Region,  

(Eq. 4.6) , if j is in the Central Region,  

 

The main drivers of participation to participate in VCP are site characteristics, neighborhood 

characteristics, the presence of concurrent economic incentives, the prior participation choices of 

nearby parcels and large VCP development projects.  We use a duration model to explicitly 

account for timing of participation.  This is appropriate since explanatory variables, such as 

participation in a large brownfield redevelopment project may be simultaneously determined 

with participation in VCP, so it is potentially endogenous.  Second, the distribution for time to 

participation is not normal.  Third, the sample is predominated by parcels that do not participate 

by the end of the study; they are right censored.   Finally, some of the explanatory variables, such 

as the number of VCPs within 500 meters that participated in the prior year, vary with time.  This 

model technique has four benefits that address these issues: (1) it controls for potential 

endogeneity of characteristics; (2) it compensates for the non-normal distribution of the time 

taken to participate in VCP that will lead to biased hypothesis testing if using OLS; (3) the 

results will be based on the parcels that participate and will right-censor those that have not 

participated by the end of the study, which would lead to selection bias if we were to use OLS; 

and (4) it allows explanatory variables to change in value over the observation period. 

 

5. Estimation Results 

 

The results from the Cox-proportional hazard models provide a glimpse into the choice process 

and provide information regarding which factors influence participation in the Texas VCP in 

Dallas.  Table 2 and 3 present regression results for the Cox model.  Table 2 focuses on the full 

models for each region and the combined region model (Models 1 through 4, respectively).  

Table 2 provides the parsimonious model results for each region and the combined region model 
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 This study exhibits a bimodal time-to-event distribution. 
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(Models 5 through 8, respectively), as evidenced by a lower AIC and individual LR-tests.  The 

parsimonious models exclude control variables whose coefficients are statistically insignificant 

in the full model, and their exclusion does not impact the sign or significance of the remaining 

prediction variables.
18

 

 

Since the hazard function is nonlinear, the exponentiated coefficients can be interpreted as the 

hazard ratio, which is the hazard rate at time t for a unit increase in a continuous variable (or 

from 0 to 1 for a dichotomous variable) relative the baseline hazard rate at time t, with all other 

variables held constant.   Therefore, if the hazard ratio is greater than 1, the hazard rate is 

increased by a raise in the explanatory variable, relative to the baseline.   

 

The results of all specifications suggest that, just as in Alberini and Guignet (2009), participation 

occurs more frequently among larger candidate sites. This finding is significant across all 

regions; from the Central region, increasing the size more than doubles the likelihood of 

participation, to the South which increases the participation by almost 37 percent.  When the city 

is examined as a whole, parcel size continues to be significant and positive; a parcel unit increase 

in size raises participation by over 40 percent. 

 

Surprisingly, most of the neighborhood variables were not significant across the regions or the 

city as a whole.  Even those that are significant, the magnitude of the effect is low. One 

exception is the percent of Black population in the Central region.  An increase of levels of black 

citizens increases likelihood of participation by 4.8 percent.  This result is likely due to the 

Dallas urban structure and sparse nature of its population of this part of the city, rather than any 

actual motivation for VCP participation.
19

  

 

Percent residential land use is only of relevance in the North region.  As the percent of residential 

land use increases, VCP participation is 2 percent more likely.  This is reasonable when the 

structure of this region is taken into consideration.  Residential land use is high in the North, 

relative to the balance of the city.  Also, in our sample, it is much higher for VCPs than for non-

participants. 

 

TIF districts are situated throughout the city regions, however, with a few exceptions, they tend 

to be concentrated in the Central region and emanate into other regions from there (Figure 1). 

The TIF variable is not significant at the city level. Not surprisingly, we find that in the Central 

region, if a parcel is located on a TIF in a given year, it is 3.7 more likely to participate in VCP.  

This was anticipated, since multiple TIFs existed over all study years for large portions of the 

region; this includes 4 separate TIFs over a majority of the years, and that overlap with the 

Victory Park area.  A more recent TIF that was in place for only the last two years of the study 

includes 5 VCP participating parcels.
20
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 As a sensitivity check, annual logit regression models were performed and the outcomes of the duration models 

are reinforced. 
19

 There are two census tracts in this region of particular note regarding this result on race.  One has a single resident 

that is Black and another has nine residents that are all listed as White for their respective populations.  When we 

take race out of the model, this does not affect the other regional effects.  Therefore, this result on race should be 

accepted with caution. 
20

 This TIF is referred to as the “Downtown Connection” TIF, which attempts to be a catalyst for development of a 

downtown community. 
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The North region also has several TIFs over the course of the study.  If a parcel is located on a 

North region TIF in a given year, it is 3.25 times more likely to participate in VCP.  The North 

region TIFs contain one, the Sports Arena TIF, that is also in the Central region and includes the 

American Airlines Center sports arena (in Victory Park).  Other North TIFs do not initiate until 

2006, such as the Design District TIF, which includes 7 VCP participant parcels in this study.
21

  

The South region has a meager distribution of TIFs relative to its land area.  The TIF actually 

indicates lower VCP participation in the South; South region parcel owners are 21 percent less 

likely to participate if on a TIF.  This finding suggests that the presence of a TIF does not attract 

VCP participation when located in the least economically healthy region of the city.   

 

The effect of large and multi-parcel projects in a given year is substantial and significant across 

all regions and the city as a whole.  As we compare the VCPs against nonparticipant candidates, 

it is important to relate with the same unit. The large and multi-parcel projects variable controls 

for multiple parcel VCP project sites, since the unit of analysis is the individual parcel.  Also, 

these projects are present in particular years.  Therefore, as one of these projects is performed in 

a given year, we find that it positively impacts the development decisions in the periods that 

follow in that region; blight is replaced by revitalization. This phenomenon is most effective in 

the Central region (4.66 times), where the Victory Park project was instrumental in VCP 

redevelopment. These also have a large positive effect on participation in the North (42 percent) 

and the South (63 percent).  City-wide, these VCP projects positively influence VCP 

participation by almost 3 percent. 

 

Although we see significant results across the regions and city for the variable that measures 

prior year VCPs within 500 meters, the magnitudes stay close to 1.  That indicates that VCPs 

within 500 meters in the previous year do not generally encourage the participation of other 

parcels in the current year.
22

  An interaction was performed to better identify the effect of prior 

year VCPs within 500 meters with the large projects.  The South and city wide findings are 

significant, but low in magnitude. Of particular interest is the finding that large or multi-parcel 

VCP projects in a given year are 30 percent more likely in the Central region as the number of 

VCPs increase within 500 meters in the prior year.  

 

6. Conclusion 

 

This paper examines the determinants of participation in the Texas VCP, concentrating on the 

City of Dallas.  This study extends the literature with a study of a single voluntary cleanup 

program using unique data to uncover the determinants of the response to Texas VCP 

inducements. We employed a stratified duration model to uncover the intertemporal effects of 

site, neighborhood, economic incentive, and geographic variables on VCP participation.  As in 

Alberini (2007) and Guignet and Alberini (2009), an important site determinant affecting the 

program participation rate is the size of the parcel.   

 

                                                 
21

 The “Design District” TIF is focused on redevelopment of an area that has been dominated by industrial and 

warehouse uses.  It is situated very close to the Central region’s Victory Park, just north of the Trinity River.  
22

 In preliminary annual logits, there is indication that supports the finding of (Guignet and Alberini 2009), where 

we find that VCPs tend to cluster within 500 meters. 
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We find that only a dozen sites have been absorbed from the EPA’s registries of possible 

contaminated sites.  This confirms Alberini’s (2007) finding that VCPs identifies new sites for 

remediation, and not absorbing sites from CERLIS. Unlike Alberini (2007) and Guignet and 

Alberini (2009), we determine that actual remediation and redevelopment is being performed 

through this program, instead of merely seeking a “clean bill of health”. 

 

The regional location in the city is important to participation.  South Dallas is home to pockets of 

lower-income and minority populations; it is apparent that potential contaminated parcels in this 

area are less likely to participate in the Texas VCP.  This is due to lower development pressure 

relative to the other regions.  Through the use of the regions constructed for this study, we have 

found that spatial distribution is relevant to not only environmental, but equity and economic 

concerns.  This program is not serving the whole city; participation is not evenly distributed 

between communities. The reuse of contaminated sites is important for achieving the 

sustainability of all of Dallas’ neighborhoods. Refocusing this program is relevant to strengthen 

the quality of the program and the intended benefits for its target population.  

 

Another significant characteristic is whether a parcel is on a TIF.  The existence of other 

economic development incentives has a strong effect on participation by region.  Policy-makers 

should review the overlaps of these concurrent economic incentives since they effect VCP 

participation.  This research suggests that layered incentives create a supportive environment for 

brownfield remediation when linked to positive economic redevelopment potential. 

 

We extended the findings of Guignet and Alberini (2009) to determine if VCP sites tend to be 

clustered solely because brownfields are found in the same areas, or if prior VCP participation 

choices motivate others to join the program.  Qualified contagion was found in the interaction 

with large and multi-parcel projects when located in the Central region.  Large and multi-parcel 

VCP projects are to be expected in areas of proven development potential.  This effect is 

augmented when nearby parcels have previously participated. 

 

Since brownfields and the neighborhoods they affect are in fixed locations, it is relevant that 

spatial aspects should be more thoroughly considered.  Our next step is to explore not only the 

price effects of the VCP for the participant, but also on neighborhood property values and 

uncover the distance of these effects. Does participation in the VCP affect neighboring property 

values?  If so, how far does this effect reach in distance from the participating brownfield site? 

 

Our research of brownfield VCP sites in the City of Dallas is analyzed for participation 

characteristics employing unique data.  We also explore questions of regional influence and 

environmental equity.   As a whole, our findings suggest that the Texas VCP is successful for 

Dallas properties that are already attractive for redevelopment and are located in the healthier 

areas of the city. We also find that other concurrent economic incentive programs have a strong 

effect on VCP participation, based on region.  Finally, the presence of prior year VCPs within 

close proximity to a contaminated site is contagious when linked to a subsequent large or multi-

parcel project in healthier areas.  This may prove to be a tool for public agencies in encouraging 

participation. 

 



14 

 

Since participation in a VCP is motivated by local real estate demand and economic 

redevelopment potential, the less economically healthy areas are where there are strong 

implications for public policy.  Although it is not the explicit purpose of the Texas VCP to serve 

distressed communities, since a wide range of stakeholders are involved in decisions to reuse a 

parcel, policymakers need to add incentives for development of these areas. These results 

indicate that the program is not equally or equitably distributed. This should be addressed to 

strengthen the quality and intended benefits of VCP for its target population. Therefore, we 

provide policy-makers with more information with which to adjust the focus of this widely-used 

mechanism.   
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8. Figures and Tables 

 
Figure 1 Dallas VCP Participating Sites 

 
Figure 2 Control Group Selection 

 



17 

 

Table 1 Regional Sample Means 

Variable Central Region North Region South Region Combined Regions 

VCPs Non-

VCPs 

VCPs Non-

VCPs 

VCPs Non-

VCPs 

VCPs Non-

VCPs 

All 

Parcels 

Site and Neighborhood Characteristics 

Size of parcel (sq. hm.) .364   .205 1.299 .490 1.695 .353 1.150 .407 .442 

Building on parcel* .225 .513 .626 .698 .516 .482 .506 .605 .601 

Distance to CBD (km.) .842 .803 7.689 7.604 5.494 4.33 5.582 5.622 5.620 

Distance to nearest major highway (km.) .373 .488 1.075 .944 1.366 1.0356 .962 .906 .908 

Population density** .002 .002 .002 .002 .001 .001 .002 .002 .002 

Pct. below poverty level 16.570 25.040 21.464 25.946 32.194 34.775 22.418 28.501 28.217 

Median house value ($1000) 239.758 149.277 105.646 92.383 42.326 41.448 125.645 85.133 87.022 

Pct. Black population 14.808 15.884 17.097 21.240 36.196 29.990 20.360 23.125 22.996 

Pct. Hispanic population 14.348 12.779 42.132 37.409 52.102 55.749 37.359 39.419 39.323 

Economic Incentive and Land Use 

Pct. residential land use 25.284 17.617 24.093 20.238 21.488 18.967 23.862 19.471 19.676 

Site on TIF (1995-2007)* .781 .430 .087 .064 .065 .145 .252 .142 .147 

VCP projects within 500 meter buffer around 

site (1996-2007) 

.205 6.121 .942 3.415 .065 2.860 .587 3.639 3.497 

Large or multi-parcel VCP project parcel* .795 - .296 - .226 - .403 - 019 

Number of parcels 151 1837    345 6982 124 3856 620 12675 13295 

*Dichotomous dummy variables (0/1). 

**Population density is calculated as the source census tract total population divided by tract’s area (sq. km.). 
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Table 2 Cox Regressions of VCP Participation: Hazard ratios of Central, North, South and 

Combined Regions 

Variables (1) Central (2) North (3) South (4) Combined 

Site Area (sq. hm.)  1.00007***    1.406167***    1.362652***   1.398081***    

Building on parcel (dummy) 1.092933*    1.119988    1.182017 1.009788    

Distance to CBD (km.) 1.260397    1.003021     1.011294*    1.021649    

Distance to Major Highway (km.)  1.138148    .9292095    1.035357   1.006272     

Population Density 1.000879     .9998063**     1.000197      .999842***    

Pct. Below Poverty Level 1.036027*    .996187     1.000691    .9888688**     

Median House Value 1.005057*    .9994554**    1.000001**    .9999965***    

Pct. Black  1.059135**    .9995914   1.009068*    1.006751**    

Pct. Hispanic .9531012    1.005977    1.000012*    1.000819**    

Pct. Residential Land Use  .9993176    1.024377*** .9944125    1.002263***     

Site on TIF 5.703262***    3.764959***    .1679446*    1.026629     

Prior year number of VCPs within 500 

meters 

.9999834***    1.000179***    1.000258***      1.000155***    

Large/Multi-Parcel VCP Projects 1.179543**    1.399087***    1.637106***    1.027126***     

Interaction Large Projects with Prior 

Year VCPs within 500 meters  

1.407093***    1.001577*     .9998644***     1.000228    

Parcels 1,988 7,327 3,980 13,295 

Participants 151 345 124 620 

Observations (time at risk) 24,965 93,547 51,119 169,631 

Chisq 329.18 1447.37 382.44 1759.84 

legend: * p<0.05; ** p<0.01; *** p<0.001 
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Table 3 Parsimonious Cox Regressions of VCP Participation: Hazard ratios of Central, 

North, South and Combined Regions 

Variables (5) Central (6) North (7) South (8) Combined 

Site Area (sq. hm.)  2.121562***    1.421154***    1.366147***    1.405268***    

Building on parcel (dummy) 1.083986*       

Distance to CBD (km.)  1.00327*    1.009822**     

Distance to Major Highway (km.)      

Population Density 1.000699     .9998385**  .9998111*** 

Pct. Below Poverty Level 1.02555      .987266***    

Median House Value 1.003177    .9994451**    1.000001***    .9999966***    

Pct. Black  1.048208**     1.009254*    1.001057**    

Pct. Hispanic .9980389     1.000013*    1.001034**    

Pct. Residential Land Use   1.023184***     1.002579***    

Site on TIF 3.741363***    3.246895**    .2115515*     

Prior year number of VCPs within 500 

meters 

.9999886***    1.000177***    1.000255***    1.000149***    

Large/Multi-Parcel VCP Projects 4.661465***    1.418488***    1.625118***    1.027159***    

Interaction Large Projects with Prior 

Year VCPs within 500 meters  

1.302199***    1.001024    .9998634***    1.000234***    

Parcels 1,988 7,327 3,980 13,295 

Participants 151 345 124 620 

Observations (time at risk) 24,965 93,547 51,119 169,631 

Chisq 388.16 1319.12 401.62 1492.63 

legend: * p<0.05; ** p<0.01; *** p<0.001 

 


