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Abstract
Many believe that an urban area more widely dispersed from its central places of employment and residence is more likely to generate negative outcomes that can hurt all of the area’s residents.  In an attempt to slow the dispersion of United States urban areas, and the negative outcomes thought to be generated by such sprawl, regulations in the forms of (1) the local imposition of urban containment policies that restrict or prohibit the amount and/or type of urban settlement beyond a certain line and (2) the statewide enactment of mandatory growth management requirements for all local governments have been enacted.  This paper describes the results of a regression based analysis that finds that only certain forms of these policies are achieving their desired goal of shrinking the square mile size of an urban area for a given population.  Other “natural evolution”, “flight from blight” and “fiscalization of land use” factors are having even greater influences on the footprint that an urban area makes. 
*Prepared for presentation to the Devoe L. Moore’s Critical Issue Symposium on “State and Local Government Regulations and Economic Development” held on March 4, 2005 at Florida State University.  This paper would not have been possible without the local urban containment data set that Arthur C. Nelson shared.
I. Introduction

Many planners, local government officials, and even much of the general public now believe that an urban area more widely dispersed from its central places of employment and residence is more likely to generate negative outcomes that can hurt all of the area’s residents.  The cited undesirable outcomes range from the greater use of single occupancy vehicles over longer distances to commute to work (and the greater traffic congestion, air pollution, highway infrastructure needs, and time away from family this generates); to a greater loss of open space and farmland at the fringe of the urban area; to a greater concentration of poverty and racial/ethnic minorities in the urban area’s central places (and the greater crime and lower performing public schools that is then likely to result in these central places).
  “Smart Growth” is now the mantra chanted across the United States as the way for an urban area to lessen the likelihood of these negative outcomes as it grows.  As the U.S. Environmental Protection Agency’s web page on the subject points out, Smart Growth employs economic incentives and land-use planning in an attempt to yield more desirable social outcomes after urban growth has occurred.


Two of the most blunt land-use planning instruments contained in the Smart Growth toolkit are (1) the local imposition of urban containment policies that restrict or prohibit the amount and/or type of urban settlement beyond a certain line and (2) the statewide enactment of mandatory growth management requirements for all local governments.
  In 1958, Lexington, Kentucky was the first United States locality to limit is future urban development to a core area within its larger city boundaries.  As discussed below, multiple other cities, counties, and even regions in the United States have since adopted similar urban containment policies.  As observed by Nelson and Dawkins (2003), the purpose of these containment policies are in part to promote a compact and contiguous development pattern within the broader jurisdictional boundary they are placed.  Furthermore, Oregon in 1973 was the first state to adopt a statewide policy on the coordination of all local urban land use decisions within its boundaries. Since then, seven other states have followed.  As Dawkins and Nelson (2003) note, all of these statewide growth management policies have as one their goals the local enactment and enforcement of state compact growth policies.  Hence, it is reasonable to evaluate the success of these local urban containment and statewide growth management programs based upon the degree, holding other casual factors constant, that urban areas falling under their regulation are less dispersed.  As noted by Bengston et al. (2003), given the decades that these containment and management programs have been in place, it is surprising that more than the few quantitative analyses described below have not already been done.  The objective of this paper is to perform such an evaluation using regression analysis and the latest data available on urban area size from the U.S. Census.


The remainder of this paper is divided into five additional sections and offers in Section II a background on the types of local urban containment and statewide growth management plans that existed in the United States in year 2000.  Section III continues with a brief review of the empirical previous research conducted on the effects of these urban containment and growth programs.  The regression model used here to gauge the independent impact of these plans on the size of United States urban areas is offered in Section IV, while Section V describes the regression findings.  The paper concludes with policy implications in a final Section VI.
II. Types of Urban Containment and Statewide Growth Management 

With a goal of promoting more compact development and subsequently minimizing the social costs that a more dispersed development pattern (or now commonly termed “sprawled”) can impose upon an urban area, sub-national governments in the United States have adopted local containment and/or statewide growth management policies.  For the purpose of quantifying these policies so they can be used as explanatory variables in a regression analysis that seeks to explain differences in the square mile size of United States urban areas, I next offer a brief description of the types of these two programs in the United States.
Urban Containment
Local governments and some regions in the United States have adopted urban containment policies that are specifically designed to steer new urban development into designated urban boundaries and to limit the occurrence of new development outside of these boundaries.  There are two widely cited groups of researchers that have examined United States jurisdictions to determine the degree of use of urban containment policies.  Pendall, Martin, and Fulton (2002) found through a survey of jurisdictions in the 25 largest metropolitan areas in the United States that just over 17 percent had some form of urban containment.  Nelson and Dawkins (2003) have also cataloged the extent of United States urban containment activity through a thorough review of the planning literature and surveys of directors of metropolitan planning organizations.  In their surveys, they define an urban containment boundary as (p. 13):

“…an explicit policy to prevent the extension of key public facilities, especially water and sewer lines and urban development, without plan amendments.  They are also known as urban growth boundaries, urban limit lines, urban service limits, urban service areas, and so forth.”
Restricting their observation of urban containment plans to places with year 2000 populations of 10,000 or more, and experiencing regional development pressures that make containment a credible activity, Nelson and Dawkins found a total of 127 local containment plans in the U.S.; of which 32 where municipal plans, 67 county plans, and 28 regional plans.  

Both of these groups of researchers conclude that although all local containment plans they studied express the same overall goal of compact urban development, their specific institutional and regulatory makeup are different enough that it would be a mistake to lump them all into a single category.  Fortunately for this analysis, Nelson and Dawkins (2003) acted upon this suggestion.  After collecting detailed information on each of the 127 containment plans’ regulatory and planning, fiscal, public participation, and administrative policies; they then used the statistical method of cluster analysis to find that plans primarily differed among two different dimensions: (1) their emphasis on accommodation of future development and (2) what they described as the “strength” of the containment program.  Nelson and Dawkin’s cluster analysis divided the accommodation of development into the two categories of “restrictive” (meaning it did not accommodate projected future growth) or “accommodating” of future growth needs.  Based also upon cluster analysis, a “strong” urban containment program facilitated land use plans that ensured current adequate land supply, offered affordable housing, provided for adequate infrastructure, and promoted land conservation.  While a “weak” containment program failed in most of these categories.  Nelson and Dawkins (2003, p. 31) then used the statistical method of discriminant analysis to place the 127 city, county, and regional containment plans into the four possible categories of strong accommodating, strong restrictive, weak accommodating, and weak restrictive.  These classifications, supplemented with an updated list from Nelson in early 2005 and my own e-mail based inquiries to local planning directors formed the basis for the information on urban containment programs contained below in Table 1.

As will be described in further detail later, the unit of analysis used here is the 452 Census designated urbanized areas in the United States.  Therefore Table 1 lists each of the 71 (15.7 percent) urbanized areas in which a county or local government within it had one or more forms of the four possible urban containment types listed in the table’s first row.  The year listed is when the earliest containment type was present in the urbanized area.  The information contained in this table is the basis of four explanatory variables that take on a value of zero if there is no form of a specific containment type in an area, and otherwise take on a value equal to the number of years a specific form of urban containment existed in a specific urbanized area.

Insert Table 1 Here
Statewide Growth Management

As both a compliment and an alternate to local urban containment policies, states as a whole have also approved growth management regulations designed to coordinate land use planning decisions across local jurisdictions to try and achieve a statewide designated goal that in part seeks better managed and more compact urban growth patterns with the states.  Gale (1992) was one of the first researchers to recognize, describe, and compare the eight state growth management programs that exist today and that are described below in Table 2.  Weitz (1999) has labeled these as state programs that bust sprawl.  

As detailed in Dawkins and Nelson (2003), these eight state programs are well accepted among experts as the ones that meet two relevant criteria: (1) their enabling legislation speaks to the goal of promoting compact development and/or minimizing sprawl and (2) each program relies on one or more forms of the three consistency elements identified by Burby et al. (1997) as the possible ways to implement these goals.  As listed below in Table 2, these consistency elements are widely identified in the literature as “vertical”, “horizontal”, and “internal”.  Vertical consistency requires that local planning efforts are in harmony with a statewide land use plan.  Horizontal consistency refers to consistency in land use planning between neighboring cities, and cities and the unincorporated portions of county.  Internal consistency requires that day-to-day land use decisions of cities and counties are in line with whatever local comprehensive land use plan a jurisdiction falls under.
Insert Table 2 Here

As noted by Weitz (1999), Carruthers (2002), and Dawkins and Nelson (2003); just like local urban containment policies, statewide growth management programs are not all the same and one should account for this when evaluating their impact on promoting compact urban development.  The three explanatory variables used in the regression analyses described here are derived from the relevant information presented in Table 2.  All three of these explanatory variables take on value of zero for an urbanized area in a state with no form of statewide growth management program.  For urbanized areas in the eight states with growth management programs, a vertical consistent growth management variable takes on a value equal to the number of years the statewide growth management plan has been in existence if the plan has a vertical consistency element.  The same is done for the two remaining explanatory variables that measure the number of years those statewide programs in place with either a horizontal or internal consistency element. 
III. Empirical Research on the Effects of Urban Containment and Growth Management
It is informative to examine the research results later presented in this paper within the context of some of the previous empirical research conducted on the effects that urban containment and statewide growth management programs exert on urban land markets.  Nelson (1986) was one of the first to measure the impact of an urban containment policy on urban land outcomes by looking at a late 1970s data set of 209 property transactions in the Portland, Oregon area.  Controlling for other casual factors expected to influence the price received per acre of land, he found that the presence of a property within the region’s growth boundary raised its price by about $3,900 (given a mean price observed over all properties of about $8,600).

Nelson, Sanchez, and Dawkins (2003) have also examined the result of locally adopted U.S. urban containment policies on the change in racial segregation among metropolitan areas during the 1990s.  Using the characterizations of urban containment discussed earlier, they found that areas that had adopted “strong” urban containment policy for 10 years would experienced 1.4 percentage points less Anglo-African American segregation than those that did not (holding other casual factors constant).  This is about one third of the total increase in this segregation measure for all United States metropolitan during the 1990s.  Nelson et al. (2004) also used regression analysis to measure the impact that an urban containment policy in a metropolitan area had in 143 United States central cities on the 1985 to 1995 change in the number of units per capita of single-family housing, multi-family housing, and residential additions; and the real change in the value of construction per-capita in commercial additions, offices, and retail/warehouses.  Controlling for other relevant explanatory factors, they found that the presence of an urban containment program of any type positively contributed to all of these measures except retail/warehouse construction.  In their regression analyses they found no statistically discernable difference in impact from different types of urban containment policies.

Dawkins and Nelson (2003) have also used regression analysis to determine the independent influence of statewide adoption of a growth management program on the central city share of residential construction activity in over 5000 United States metropolitan areas examined between 1980 and 1998.  They also find no statistical need to control for vertical, horizontal, or internal consistency differences across state growth management programs, but find overall that a central city stands to increase its share of metropolitan residential construction by 0.54 percentage points per year if its state has a growth management program in place.  Perhaps most relevant to compare to the regression results presented here is Caruthers (2002) study of the impact of state growth management programs on the spatial extent of urbanized land (and four other dimensions of urban development) in some United States counties.  He models the determinants of urbanized land area in a county as determined by population density (endogenous), population (endogenous), institutional setting measures, infrastructure, geographic characteristics, state and time specific effects, and time in existence variables for the five included states that he believes has a growth management program (California, Georgia, Florida, Oregon, and Washington). Using a simultaneous equations framework and a cross-section of metropolitan counties from 14 rapidly growing states over the years 1982, 1987, 1992, and 1997; Caruthers finds that only the Florida growth program exerts a siognificant non-zero, and surprising positive influence on square mile size of urbanized areas in Florida counties.  Based on his findings, he concludes that state growth management programs have not been effective at reducing the spatial size of urbanized land in the United States.  The research presented here takes exception to Caruther’s findings on this subject.  A reasonable explanation as to why his results differ from what is later presented here are statistical problems in his regression analysis caused by specification and omitted variable bias, and the simple way (using state dummies) that state growth programs are accounted for.
IV. Regression Model
As described earlier, the dependent variable for the regression analysis proposed next is square miles of land that make up the 452 Census designated urbanized areas in the United States in year 2000.
  The spatial size of an urbanized area measures the “footprint” that an urban region places upon the land. The bigger the footprint of an urban area (holding its population constant) the less compact is its urban development and the more likely is the occurrence of the negative consequences described at the start of this paper.  Also remember that the use of this dependent variable is appropriate since one of the stated goals of all local urban containment and statewide growth management programs in the United States is a reduction in the size of urban footprints where they are used.

Insert Figure One Here

Figure 1 offers a visual representation of the strong non-linear relationship between population and square miles in the 452 urbanized areas in the United States in year 2000.
  The inclusion of this figure serves two purposes.  First, it illustrates that the log-log (non-linear) form is the preferred choice when specifying a regression that explains differences in the geographical size of urbanized areas.  Second, the simple regression overlaid on this scatter plot shows that 89 percent of the variation in urban area size from its mean can be explained by population variation.  But it also shows that even after accounting for population differences, there are still outliers like Knoxville, Tennessee and Bakersfield, California.  Each of these urbanized areas have a population of around 400,000, but Knoxville’s residents are dispersed over nearly 340 square miles, while Bakersfield’s compact development takes up only 110 square miles.   The regression specified below in Equations (1) through (6) is meant to offer explanations beyond population differences as to why some urbanized areas leave a larger geographical footprint than others; and for the specific purposes of this paper, if the adoption of local urban containment or statewide growth policies shrinks this footprint – as is the intent of these policies.

(1) Square Milesi = f (Natural Evolutioni, Flight From Blighti,

Fiscalization of Land Usei, Unaccounted for Regional Variationi,

Statewide Growth Management and Urban Containment Policiesi;

where,

(2) Natural Evolutioni = f (Populationi, Agricultural Land Price Per Acrei, Median Household Incomei, Percent Households Owning One or More Carsi, Percent Population Born in Statei, Average Household Sizei, Percent Population Less 18 Years Oldi, Percent Population Greater Equal 65 Years Oldi, Percent Employed in Wholesale/Transportation/Warehousingi, Percent Employed in Management/Finance/Insurance/Real Estatei, Percent Employed in Constructioni);
(3) Flight From Blighti = f (Percent Central Place(s) Population Poori, Percent Central Place(s) Crime Ratei, Central Place(s) Years Old Median Age Homei, Percent Central Places Population Asiani, Percent Central Place(s) Population African Americani, Percent Central Places Population Latinoi);

(4) Fiscalization of Land Usei = f (Number of Central Places in Urbanized Areai,

Number of Counties in Urban Areai, Percent State’s Local Government’s Own-Source Revenue From Property Taxesi, Percent State’s Local Government’s Own-Source Revenue From General Sales/Gross Receipts Taxesi, Percent State’s Local Government’s Own-Source Revenue From Other Sales Taxesi, Percent State’s Local Government’s Own-Source Revenue From Income Taxesi);
(5) Unaccounted for Regional Variationi = f (Multistate Urbanized Areai, New England Census Designated Regioni, Mid-Atlantic Census Designated Regioni, East-North-Central Census Designated Regioni, West-North-Central Census Designated Regioni, Wet Sunbelt Regioni, Dry Sunbelt Regioni),

(6) Statewide Growth Management and Urban Containment Policiesi = f(Years State had Vertically Integrated Local Growth Managementi, Years State had Horizontally Integrated Local Growth Managementi, Years State had Vertically Integrated Local Growth Managementi, Years Someplace in Urbanized Area had Weak Accommodating Urban Containmenti, Years Someplace in Urbanized Area had Weak Restrictive Urban Containmenti, Years Someplace in Urbanized Area had Strict Accommodating Urban Containmenti, Years Someplace in Urbanized Area had Strict Restrictive Urban Containmenti,)


i = 1, 2, 3, … 452 Census Defined United States’ Urbanized Areas in 2000.

The regression specification offered above is an extension of a regression model first offered by Brueckner and Fansler (1983) in a study that explained differences in the year 1970 square-mile size of 40 United States’ urbanized areas.  Their choice of casual variables came from traditional urban economic theory: population, agricultural land price, income, and proxies for commuting cost in an urban area.  Mieszkowski and Mills (1993) label these casual factors as the driving forces in the “natural evolution” theory of what causes greater dispersion in an urban area.  In Equation (2) we include these basic urban economic casual factors and add a few more demographic factors (percent born in state, household size, age) that are likely to influence the “taste” of given population for a more or less dispersed urban area. Differences in type of employment are also included under natural evolution factors and are meant to pick up the independent influences that variation in different forms of non-residential activity has on the square miles that an urbanized area takes up.  Since only residential employment data are reported for United States urbanized area, we make the reasonable assumption that if a greater percentage of residents work in an industry type (as recorded by the Census), that industry has a greater presence in the urban area. 

Mieszkowski and Mills point to “flight from blight” as a second relevant casual theory for why some urban areas may be less compact than others.  The theory of flight from blight looks beyond the natural forces that increase the footprint of an urban area, and seeks a further explanation for urban dispersion based upon the desire of individuals to avoid the real and perceived fiscal, social, economic, and infrastructure blight that may have developed in an urban area’s central places.  As expressed in Equation (3), these repellent factors are expected to be greater central place poverty, greater central place crime, and older central place homes.  Measures of the race/ethnicity of an urbanized area’s central place(s) are also included to control for the possibility that Americans use these measures as additional signals of central place social/economic blight. 


A third argument for what may cause greater urban decentralization in a United States’ urban area, accounted for through the inclusion of Equation (4) above, is based on the theory of “fiscalization of land use.”  Land use decisions become “fiscalized” when they are influenced to a large degree by the local fiscal surplus that a particular land use generates for a jurisdiction, and subsequently influenced to a lesser degree by what residents of the jurisdiction need for consumption and employment.  The more land use decisions in a state are driven by fiscal considerations, the more likely may be the degree of sprawl observed in the state’s urban areas.  As Wassmer (2002) notes, the reason is that outlying local governments in an urban area, with a greater likelihood of possessing undeveloped land, are more likely to use revenue considerations in choices related to land use.  The extent that outlying local governments in a state’s urban areas weigh fiscal considerations in land use decisions is expected to depend on the relative reliance by local governments in the state on the different possible forms of local revenue (property, general sales, other sales, and income taxes).  That is greater statewide reliance on a form of local revenue that rises and falls with differences in land use choices can result in forms of land use decisions in an urban area that generate greater sprawl.  The number of counties and the number of central places in an urbanized area are also included as a possible casual element in the fiscalization of urban land use decisions because the greater the value of either measure, the more likely that local governments compete to attract land uses that generate a fiscal surplus. 

Unaccounted for factors that vary be region of the United States are also expected to cause differences in the square mile size of urbanized areas.  These causal factors are represented in Equation (5) as dummy variables that are set to one for urbanized areas that fall into one of the included five Census designated regions.  Based upon the work of Lang (2003), dummies are also included for states that fall into his designated Wet Sunbelt and Dry Sunbelt regions.  Lang observed that Wet Sunbelt states have abundant ground water (allowing the exurbs to make use of wells), have urban areas surrounded by private lands, and are not hilly enough to slow the direction of development.  Whereas Dry Sunbelt states are more likely to bone dry and need to rely on public system of water distribution, have urban areas surrounded by public lands, and have steep mountains that can slow the direction of development.  Thus, holding other factors constant, urbanized areas in Wet Sunbelt states are expected to be larger in size; while urbanized areas in Dry Sunbelt states are expected to be smaller.  The interpretation of these regression coefficient should be done in relation to the excluded group of states: Delaware, Maryland, District of Columbia, Virginia, West Virginia, Kentucky, Mississippi, Montana, Idaho, Wyoming, Washington, Oregon, Alaska, and Hawaii. 

The expressed purpose of this study is served by the explanatory variables included in Equation (6).  As described previously in Section II of this paper, three of these variables account for urbanized areas in a state that require vertically, horizontally, or internally integrated local growth management; and for of these variables account for urbanized areas where someplace had weak accommodating, weak restrictive, strict accommodating, or strict restrictive local urban containment.  All of the casual variables in Equation (6) take on a value of zero or the number of years the specific type of growth management or urban containment has been in place.


Three separate regressions are run to determine the importance of these policies to the square mile size of urbanized areas.  The first regression contains all explanatory variables included in Equations (2) through (5) and only the statewide growth management measures.  The second regression contains all other explanatory factors and only the urban containment measures; while the final regression includes all the explanatory variables included in Equations (2) through (6).  A complete list of the 39 variables used in the regression analysis, their source, and descriptive statistics are included in Table 3.
Insert Table 3 Here

Regression analysis is accomplished by first taking the log of the dependent variable (square mile size) and the logs of all but a few of the explanatory variables.  Logs are not taken for some of the local fiscal variables and all of the regional dummies, because they contain zero values.  As demonstrated previously in Figure One, this functional form best accounts for the likely non-linear relationships that exist between the chosen set of explanatory variables and the footprint of an urbanized area.  A regression coefficient calculated for a logged explanatory variable represents elasticity.
  A regression coefficient calculated for a non-logged explanatory variable, when multiplied by the mean of the chosen explanatory variable, represents the percent change in square miles given a percentage change in the respective explanatory variable at the mean value. 
V. Regression Results 
The results of three separate regression analyses are provided below in Table 4.  A large majority of the regression coefficients recorded in this table are statistically significant at a 90 percent or greater level of confidence and conform to reasonable expectations.  The R-squared statistic indicates that these regressions explain approximately 96 percent of the variation observed (around the mean) in year 2000 square mile footprints of urbanized areas.  Looking at the bottom of this table, there is evidence that all three forms of state growth management and the strict-restrictive form of urban containment exert non-zero influences on the square mile size of urbanized areas.  Also important to note is that these influences did not change in any of the three different regression specifications.  Regression (3), which contains both the state growth management and local urban containment measures is therefore considered the preferred regression specification and discussed next.

Starting with the natural evolution factors contained in Regression (3), a one-percent increase in population is expected to yield a 0.90 increase in square miles, and a one percent increase in per-capita income a 0.27 percent increase in land area.  While a one percent increase in the percent of households in the urban area owning one or more cars results in the measured elastic response of a 3.31 percent increase in land area.
  Other significant outcomes that fall under the natural evolution cause of greater urban dispersion are -0.13 percent born in state elasticity of square mile, a -0.56 average household size elasticity of square miles, and 0.49 and 0.27 respective percentage young and percentage old elasticities of square miles.  As expected, differences in the economic base of urbanized areas influence their geographical footprint; specifically, the greater the presence of wholesale/transportation/warehousing and management/finance/insurance/real estate employment (both industrial groups whose economics drive them to locate in more densely populated central places in urban areas), the smaller in square miles the urban area.

The explanatory variables included in Regression 3, that measure the degree that flight from blight is a generator of a more dispersed urban area, offer compelling evidence that this phenomenon does exert a distinct influence.  The largest flight from blight response is that a one-percent increase in the poverty rate in an urban area’s central place(s) generates a 0.16 percent increase in the total area’s square mile footprint.  Second in magnitude is the finding that a one-percent increase in the uniform crime rate per 100 residents in central place(s) yields a 0.07 increase in the urbanized area’s size.  Since all three measures of race/ethnicity concentration are significant, it appears that urban residents may look to these summary statistics to gauge the degree of blight in central places.  Interestingly, a one percent increase in percent central place(s)’ population African American is correlated with a 0.04 increase in square miles (indicating a stimulant of flight), while a one percent increase in the percent of the population of Latino descent is correlated with a larger in absolute magnitude (-0.08) but negative influence in square miles (indicating a retardant of flight).  The elasticity generated in regard to how percentage population in an urban area’s central place(s) that are Asian influences the square mile size of the area is also negative (-0.04) and also indicates a retardant of flight.

In addition, the regression results contained in Table 4 offer evidence that fiscalization of land use influences the size of urban areas.  The calculated number of counties elasticity of square mile size of an urban area is 0.09.  Since more counties in an urbanized area generates greater competition among local governments, this is a necessary finding if one argues that fiscalization of land use exerts a greater impact on urban form the greater the degree of local government competition in the urban area.  Understanding the role that fiscalization of land use can play in generating urban sprawl, it is also reasonable to find that statewide county own-source general sales tax reliance is positively related to the size in square miles of a United States urbanized area in 2000.  If counties in an urban area are more reliant on general sales tax revenue, and the unincorporated areas of counties are at the suburban fringe (as is likely), it is no surprise that greater county reliance on sales taxation for local revenue result in county land use policies designed to place retail in unincorporated areas and a more dispersed urban area.  The general sales tax reliance elasticity of urban areas square miles is 0.07 (calculated at the mean of non-zero statewide reliance on this local tax instrument).


Brueckner and Kim (2003) point out that one of the expected influences of a property tax on land improvements is a reduction in the intensity of land development, a subsequent decrease in population density, and an increase the spatial size of an urban area.  But they also note that the negative impact that property taxation has on housing prices causes the quantity of overall housing capital demanded in an urban area to fall.  Holding population and improvements per acre constant, if dwelling sizes decrease in response to this property-tax driven decrease in demand for housing capital, then population density increases and the land required to house a fixed population decreases (less sprawl).  Therefore the theoretical effects of local property taxation on urban sprawl are ambiguous.  But as found in Regression 3, for this sample of urbanized areas, the first theoretical influence dominates and a one percent increase in a state’s local own-source revenue from property taxes exerts a positive 0.10 percent increase in the square mile size of its urbanized areas.  

The regression coefficients calculated for the included regional variables need to be interpreted relative to the excluded states of Delaware, Maryland, District of Columbia, Virginia, West Virginia, Kentucky, Mississippi, Montana, Idaho, Wyoming, Washington, Oregon, Alaska, and Hawaii.  Thus, the square mile size of urban areas (holding the other casual factors in the regression constant) in New England, Mid-Atlantic, and Wet Sunbelt states are respectively expected to be 1.8, 1.3, and 1.4 square miles larger than these excluded states.
   While the size of urbanized areas residing in states in the East North Central, West North Central, and Dry Sunbelt regions are respectively expected to -1.3, -1.4, and -1.2 square miles smaller. 

Finally to an interpretation of what the regression coefficients on the state growth management and local urban containment measures mean.  Remember that these influences have been derived after controlling for natural evolution, flight from blight, fiscalization of land use, and unaccounted for regional factors that where also found to  influence the square mile size of U.S. urbanized areas in year 2000.  Pay particular attention to the finding that the vertical and horizontal integration elements of statewide growth management plans exert the negative impact on square mile size of an urban areas that is in part the goal of these plans.  Specifically, if these impacts are measured at the mean of the non-zero values for number of years that areas have been under these regulation regimes, for every one percent increase in the number of years that vertically integrated growth management is imposed upon an urban area, the size in square miles of the urban area shrinks by -0.22 percent.  While for every one percent increase in the number of years that horizontally integrated growth management is imposed upon an urban area, the size in square miles of the urban area shrinks by -0.11 percent.  Remember that vertically integrated growth management requires that local land use plans be consistent with a statewide plan that calls for more compact urban development, and horizontally integrated growth management requires that adjacent local land use plans be consistent.  Understanding this, it is perhaps not surprising that statewide growth management plans that contain these two forms of consistency are achieving their desired goal of smaller urban areas for a given population, while the plans that are only internally consistent are not.  For every one percent increase in the number of years that internally integrated growth management is imposed upon an urban area, the size in square miles of the urban area increases by 0.19 percent.  Internally consistent growth management only requires that local land use decisions are consistent with the local/regional land use plan that they fall under.  In most cases this is the land use plan of a city or county.  There is no consistency requirement with a statewide plan designed to create more compact urban growth and an independent city or county’s land use plan is less likely to discourage more dispersed urban regional growth.

What this means for states like Florida and Maine, where all local governments in all of their urbanized areas fall under a statewide growth management plan that is vertically, horizontally, and internally consistent; is that a ten percent increase in the number of years on the plan (in year 2000 this would 1.5 years for Florida and 1.2 years for Maine) is expected to reduce the size of these states urbanized areas by 1.4 percent [(-0.22 - 0.11 + 0.19)*10]. For the average urbanized area in Florida that is 198.0 square miles in size, this means it is 2.8 square miles smaller every 1.5 years into the future than it would have been without the vertically, horizontally, and internally consistent statewide growth regime it falls under.  For the average urbanized area in the State of Maine that is 26.9 square miles in size, it is 0.4 square miles smaller every 1.2 into the future than it would have been without the same type statewide growth regime.

It is also not all that surprising to find regression evidence that only the strong and restrictive form of local urban containment exerts the only statistically significant impact on the size in square miles of an urbanized area.  Recall that by definition strong urban containment facilitates land use plans that ensure current adequate land supply, offer affordable housing, provide for adequate infrastructure, and promote land conservation; while restrictive urban containment intentionally does not fully accommodate future growth.  If a United States urbanized area in year 2000 had local government(s) present with urban containment plan(s) that could be classified as both strong and restrictive, then every 10 percent increase in the number of years that form of containment is present is expected to decrease the urban area’s size by -0.10 percent.  For example, a strong and restrictive form of urban containment was present in the Bonita Springs – Naples, Florida urbanized area in year 2000 and it had been in place for six years.  In year 2000, this urbanized area was 150.2 square miles in size.  Thus, from year 2000 a 10 percent increase in time in place (0.6 of a year, or about 7 months) is expected to keep the Bonita Springs – Naples area 1.5 square miles smaller than it would have been without the presence of strong and restrictive urban containment.  Notably this expected impact is over and above the decrease in size due to the State of Florida imposing a vertically, horizontally, and internally consistent growth management plan on the area.
VI. Policy Implications
This papers offer some of the first empirical evidence that certain forms of statewide growth management and local urban containment policies are achieving one of their intended goals of producing more compact urban development.  Beyond this important basic discovery, there are two other important policy implications to take away from these findings.  The first is that the outcomes of the different possible forms of these policies are not equal.  Only growth management programs with vertically and horizontally integrated components [i.e., (1) the stipulation that local plans must coincide with a state plan pushing for greater statewide compact development or (2) geographically contiguous local plans must be consistent] have been found to be effective at reducing the square mile size of United States urban areas.  In addition, the efficacy of the vertical component is about twice the magnitude of the horizontal component.  While only local urban containment programs that are both strong in their manner of addressing current adequate land supply and conservation, affordable housing, and infrastructure; and restrictive in their approach to accommodating future population growth, have been determined to effectively shrink the square mile size of United States urbanized areas.  From a policy standpoint it also worthy of note that the percentage shrinkage impact of another one percent increase in the number of years that a horizontally integrated growth management program is in place (-0.11) is very close to the percentage shrinkage impact of another one percent increase in the number of years that a strong and restrictive local urban containment policy has been in place (-0.10).

A second important policy implication from the regression results recorded here is that the magnitudes of the impacts of the types of growth management and local containment programs that reduce the square mile size of United States urban areas are similar in scale to those calculated for other factors thought to cause land area differences.  Table 5 has been created to illustrate this point using the median population (168,000) United States urbanized area in year 2000 of Killeen, Texas. What this table lists is the expected increase or decrease in size of this 64.1 square mile size area for a respective 10 percent increase in a casual factor found to be exerting a non-zero impact on its size.  You can see that a 10 percent increase in the years that state vertically integrated growth management is in place is expected to have about the same negative square mile impact (-1.42) on the size of the Killeen urban area as a 10 percent decrease in median household income (-1.72) or a 10 percent increase in the elderly (-1.71).  While a 10 percent increase in the years that state horizontally integrated growth management is in place, or alternatively a 10 percent increase in the years that someplace in area had strong restrictive urban containment in place, are expected to have about the same negative square mile impact (respectively of -0.73 and -0.66) as a 10 percent increase in percent employed in wholesale/transportation/warehousing (-0.70), a 10 percent decrease in number of counties in urban area (-0.60) or a 10 percent increase in the percent state’s local revenue from property taxes (-0.64).
Insert Table 5 Here

Whether the impact of these forms of growth management and urban containment regulations are large enough to judge the implementation of these programs a resounding success or not is best left to the policymakers who have put them in place and their evaluation of what they where hoping to achieve.  Though given the large in comparison impacts of a 10 percent increase in population (+5.74 square miles), a 10 percent increase in average household size (+3.59 miles), 10 percent increase in non-adults (+3.16 square miles), and a 10 percent increase in percent population poor (+1.0 square miles), there is clear evidence here that the expected impacts of these regulations designed to foster compact urban economic development may not be enough to bust the sprawl-generating impacts of other natural evolution, flight from blight, and fiscalization of land use factors currently driving urban sprawl in the United States.
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Table 1: Types of Urban Containment Plans

and Year Began by United States Urbanized Area

	Urbanized Area
	Year 


	Strong Containment - Accommodating

Future Growth 
	Strong

Containment - Restrictive

Future Growth
	Weak

Containment - Accommodating

Future Growth
	Weak

Containment - Restrictive

Future Growth

	Albuquerque, NM                                       
	1987
	
	
	
	Yes

	Anchorage, AK                                          
	1982
	Yes
	
	
	

	Baltimore, MD                                           
	1967
	Yes
	
	
	

	Bellingham, WA                                
	1991
	Yes
	
	
	

	Bismarck, ND                                   
	1981
	
	
	
	Yes

	Bloomington, IN                                
	1996
	
	
	
	Yes

	Bonita Springs--Naples, FL                   
	1994
	
	Yes
	
	

	Boulder, CO                                     
	1978
	
	Yes
	
	Yes

	Bremerton, WA                                 
	1998
	Yes
	
	
	

	Cape Coral, FL                                         
	1989
	Yes
	
	
	

	Charleston--North Char, SC                  
	1994
	
	
	Yes
	

	Charlotte, NC--SC                                      
	1994
	
	
	Yes
	

	Chico, CA                                          
	1982
	
	Yes
	
	

	Clarksville, TN--KY                               
	1995
	
	
	Yes
	

	Corvallis, OR                                   
	1984
	Yes
	
	
	

	Davis, CA                                       
	1995
	
	Yes
	
	

	Denver--Aurora, CO                  
	1997
	Yes
	Yes
	Yes
	Yes

	Dover, DE                              
	1995
	
	
	Yes
	

	Eau Claire, WI                         
	1981
	
	
	
	Yes

	Fayetteville, NC                   
	1995
	
	
	Yes
	

	Flagstaff, AZ                      
	1982
	Yes
	
	
	

	Fort Collins, CO                          
	1980
	Yes
	Yes
	
	

	Gainesville, FL                            
	1984
	Yes
	
	
	

	Greeley, CO                        
	1976
	
	
	
	Yes

	Green Bay, WI                     
	1972
	
	
	
	Yes

	Honolulu, HI                                    
	1997
	
	
	
	Yes

	Iowa City, IA                                   
	1992
	
	
	Yes
	

	Jacksonville, FL                      
	1992
	Yes
	
	
	

	Kennewick--Richland, WA          
	1998
	Yes
	
	
	

	Knoxville, TN                            
	1994
	Yes
	
	
	

	Lancaster, PA                           
	1992
	
	
	Yes
	

	Lexington-Fayette, KY                  
	1958
	
	
	Yes
	

	Lincoln, NE                               
	1961
	
	
	Yes
	

	Madison, WI                              
	1971
	
	
	Yes
	

	Medford, OR                             
	1982
	
	
	Yes
	

	Merced, CA                               
	1982
	
	Yes
	
	

	Miami, FL                                 
	1963
	Yes
	
	
	

	Minneapolis--St Paul, MN             
	1975
	
	
	Yes
	

	North Prt--Punta Gorda, FL           
	1988
	
	
	Yes
	

	Ocala, FL                                  
	1986
	Yes
	
	
	

	Olympia--Lacey, WA                     
	1983
	Yes
	
	
	

	Orlando, FL                                
	1980
	Yes
	
	
	

	Palm Bay--Melbourne, FL                       
	1988
	Yes
	
	
	Yes

	Portland, OR--WA                       
	1980
	Yes
	
	Yes
	

	Port St Lucie, FL                       
	1990
	Yes
	
	
	Yes

	Riverside--San Bernard, CA                      
	1982
	Yes
	
	
	

	Urbanized Area
	Year 


	Strong Containment - Accommodating

Future Growth 
	Strong

Containment - Restrictive

Future Growth
	Weak

Containment - Accommodating

Future Growth
	Weak

Containment - Restrict

Future Growth

	Rochester, MN                                          
	1979
	
	
	Yes
	

	Sacramento, CA                                        
	1993
	Yes
	
	
	

	Salem, OR                                 
	1973
	
	
	
	Yes

	San Diego, CA                            
	1979
	Yes
	
	
	

	San Francisco--Oaklan, CA                    
	1985
	Yes
	Yes
	
	

	San Jose, CA                                      
	1996
	Yes
	Yes
	
	

	San Luis Obispo, CA                             
	1979
	
	Yes
	
	

	Santa Cruz, CA                                    
	1990
	
	Yes
	
	

	Santa Rosa, CA                                   
	1985
	
	Yes
	
	

	Sarasota--Bradenton, FL                         
	1981
	Yes
	
	Yes
	

	Seattle, WA                                    
	1994
	Yes
	
	
	

	Sioux Falls, SD                               
	1980
	
	
	Yes
	

	Spokane, WA--ID                             
	1997
	Yes
	
	
	

	Tallahassee, FL                              
	1990
	Yes
	
	
	

	Tampa--St Petersburg, FL                 
	1993
	Yes
	
	
	

	Titusville, FL                                 
	1988
	
	
	
	Yes

	Tucson, AZ                                  
	1993
	Yes
	
	Yes
	

	Vallejo, CA                                   
	1980
	
	Yes
	
	

	Virginia Beach, VA                         
	1979
	
	
	Yes
	

	Visalia, CA                                   
	1974
	
	
	
	Yes

	Washington, DC--VA--MD                 
	1980
	Yes
	Yes
	
	Yes

	Wichita, KS                                       
	1990
	
	
	Yes
	

	Wilmington, NC                                  
	1981
	
	
	Yes
	

	Yakima, WA                                      
	1997
	Yes
	
	
	

	Yuba City, CA                                    
	1990
	Yes
	
	
	


Source: Nelson and Dawkins (2003), February 2005 communication with Arthur C. Nelson, and author’s own e-mail communication with city and county planning directors.

Table 2: Types of Statewide Growth Management Programs

and Year Began by State

	State
	Year 
	Vertical Consistency:

Between Local and State Governments
	Horizontal Consistency: Between Adjacent Local Governments
	Internal Consistency:

Between Local Land Use Decisions and Local Comprehensive Plan

	Florida
	1985
	Yes
	Yes
	Yes

	Maine
	1988
	Yes
	Yes
	Yes

	Maryland
	1992
	Yes
	
	Yes

	New Jersey
	1986
	
	
	Yes

	Oregon
	1973
	Yes
	
	Yes

	Rhode Island
	1988
	Yes
	Yes
	Yes

	Vermont
	1988
	
	Yes
	Yes

	Washington
	1990
	
	Yes
	Yes


Source: Dawkins and Nelson (p. 386, 2003).

Table 3: Variable Descriptions

(Except Where Noted; 2000 Data Drawn from 452 U.S. Urbanized Areas)

	Name
	Source
	Mean

(Stand. Dev.)
	Maximum

(Minimum)

	(1) Square Miles


	U.S. Census Bureau, 2000 Census of Population and Housing: Summary Population and Housing Characteristics, PHC-1-1 (100% Data), - http://www.census.gov/prod/cen2000 .
	159.34

(301.93)
	3,352.60

(12.10)

	(2) Population


	U.S. Census Bureau, 2000 Census of Population and Housing: Summary Population and Housing Characteristics, PHC-1-1 (100% Data), - http://www.census.gov/prod/cen2000 .
	425,495.19

(1,245,603.43)
	17,799,861.00

(50,058.00)

	(3) Agricultural Land Price Per Acre (1997) a

	Weighted average value per acre of farmland.  United States Department of Agriculture: 1997 Census Of Agriculture Volume 1: National, State, and County Tables – http://www.nass.usda.gov/census/census97/volume1/vol1pubs.htm

	629.05

(784.34)
	6,390.05

(1.72)

	(4) Median Household Income (1999)


	U.S. Census Bureau, 2000 Census of Population and Housing: United States Summary Social, Economic, and Housing Characteristics, PHC-2-1 (Sample Data), - http://www.census.gov/prod/cen2000 .
	40,533.77

(9,397.65)


	79,614.00

(20,633.00)

	(5) Percent Households Owning One or More Cars


	U.S. Census Bureau, American Fact Finder: Census 2000 Summary File 3 (SF 3) Sample Data – http://factfinder.census.gov
	91.24

(3.08)
	97.23

(67.60)

	(6) Percent Population Born in State


	U.S. Census Bureau, 2000 Census of Population and Housing: United States Summary Social, Economic, and Housing Characteristics, PHC-2-1 (Sample Data), - http://www.census.gov/prod/cen2000 .
	64.42

(15.42)
	91.10

(17.00)

	(7) Average Household Size


	U.S. Census Bureau, 2000 Census of Population and Housing: Summary Population and Housing Characteristics, PHC-1-1 (100% Data), - http://www.census.gov/prod/cen2000 .
	2.54

(0.26)
	3.96

(2.13)

	(8) Percent Population Less 18 Years Old
	U.S. Census Bureau, 2000 Census of Population and Housing: Summary Population and Housing Characteristics, PHC-1-1 (100% Data), - http://www.census.gov/prod/cen2000 .
	25.22

(3.81)
	35.60

(11.80)


	Name
	Source
	Mean

(Stand. Dev.)
	Maximum

(Minimum)

	(9) Percent Population Greater or Equal 65 Years Old


	U.S. Census Bureau, 2000 Census of Population and Housing: Summary Population and Housing Characteristics, PHC-1-1 (100% Data), - http://www.census.gov/prod/cen2000 .
	12.80

(4.53)
	41.10

(2.30

	(10) Percent Employed in Wholesale/Transportation/

Warehousing


	U.S. Census Bureau, 2000 Census of Population and Housing: United States Summary Social, Economic, and Housing Characteristics, PHC-2-1 (Sample Data), - http://www.census.gov/prod/cen2000 .
	7.93

(2.04)
	18.44

(1.78)

	(11) Percent Employed in Management/Finance/Insurance/

Real Estate
	U.S. Census Bureau, 2000 Census of Population and Housing: United States Summary Social, Economic, and Housing Characteristics, PHC-2-1 (Sample Data), - http://www.census.gov/prod/cen2000 .
	14.61

(4.05)
	32.17

(7.50)

	(12) Percent Employed in Construction


	U.S. Census Bureau, 2000 Census of Population and Housing: United States Summary Social, Economic, and Housing Characteristics, PHC-2-1 (Sample Data), - http://www.census.gov/prod/cen2000 .
	4.52

(1.58)


	24.41

(1.71)

	(13) Percent Central Place(s) Population Poor (1999)


	U.S. Census Bureau, 2000 Census of Population and Housing: United States Summary Social, Economic, and Housing Characteristics, PHC-2-1 (Sample Data), - http://www.census.gov/prod/cen2000 .
	16.15

(6.38
	46.90

(4.10)

	(14) Percent Central Place(s) Crime  Rate b


	Weighted Average Uniform Crime Rates Per 100 of Central Place(s) Population.  FBI Uniform Crime Rate.  U.S. Department of Justice, Office of Justice Programs, Bureau of Justice Statistics – http://bjsdata.oijp.usdoj.gov .
	5.94

(2.60
	22.06

(0.05)

	(15) Central Places(s) Years Old Median Age Home


	U.S. Census Bureau, 2000 Census of Population and Housing: Summary Population and Housing Characteristics, PHC-1-1 (100% Data), - http://www.census.gov/prod/cen2000 .
	33.71

(12.40)
	60.00

(5.00)

	(16) Percent Central Place(s) Population Asian


	U.S. Census Bureau, 2000 Census of Population and Housing: Summary Population and Housing Characteristics, PHC-1-1 (100% Data), - http://www.census.gov/prod/cen2000 .
	2.95

(4.25
	55.76

(0.23)


	Name
	Source
	Mean

(Stand. Dev.)
	Maximum

(Minimum)

	(17) Percent Central Place(s) Population African American


	U.S. Census Bureau, 2000 Census of Population and Housing: Summary Population and Housing Characteristics, PHC-1-1 (100% Data), - http://www.census.gov/prod/cen2000 .
	15.61

(15.82)
	70.77

(0.22)

	(18) Percent Central Place(s) Population Latino


	U.S. Census Bureau, 2000 Census of Population and Housing: Summary Population and Housing Characteristics, PHC-1-1 (100% Data), - http://www.census.gov/prod/cen2000 .
	11.97

(14.96)
	94.19

(0.54)

	(19) Number of Central Places in Urbanized Area


	U.S. Census Bureau, American Fact Finder: Census 2000 Summary File 1 (SF 1) 100% Data - http://factfinder.census.gov
	1.99

(3.85)
	59.00

(1.00)

	(20) Number of Counties in Urbanized Area


	U.S. Census Bureau, American Fact Finder: Census 2000 Summary File 1 (SF 1) 100% Data - http://factfinder.census.gov
	2.38

(2.32)
	27.00

(1.00)

	(21) Percent State’s Local Government’s Own-Source Revenue from Property Taxes (1997) c
	U.S. Census Bureau, 1997 Census of Governments: Finances of Municipal and Township Governments Volume 4, Government Finances -  http://www.census.gov/prod/gc97/gc974-4.pdf
	33.24

(12.53)
	77.64

(10.09)

	(22) Percent State’s Local Government’s Own-Source Revenue from General Sales/Gross Receipts Taxes (1997)
	U.S. Census Bureau, 1997 Census of Governments: Finances of Municipal and Township Governments Volume 4, Government Finances -  http://www.census.gov/prod/gc97/gc974-4.pdf
	9.94

(8.90)
	32.63

(0.00)

	(23) Percent State’s Local Government’s Own-Source Revenue from Other Sales Taxes (1997)
	U.S. Census Bureau, 1997 Census of Governments: Finances of Municipal and Township Governments Volume 4, Government Finances -  http://www.census.gov/prod/gc97/gc974-4.pdf
	1.66

(1.10)
	6.14

(0.00)

	(24) Percent State’s Local Government’s Own-Source Revenue from Income Taxes (1997)
	U.S. Census Bureau, 1997 Census of Governments: Finances of Municipal and Township Governments Volume 4, Government Finances -  http://www.census.gov/prod/gc97/gc974-4.pdf
	3.68

(7.31)
	26.47

(0.00)


	Name
	Source
	Mean

(Stand. Dev.)
	Maximum

(Minimum)

	(25) Multistate Urbanized Area
	U.S. Census Bureau, 2000 Census of Population and Housing: Summary Population and Housing Characteristics, PHC-1-1 (100% Data), - http://www.census.gov/prod/cen2000 .
	0.13

(0.34)
	1.00

(0.00)

	(26) New England Census Designated Region


	Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, and Connecticut; Census designated region -http://www.census.gov/prod/cen2000/doc/sf3.pdf .
	0.05

(0.22)
	1.00

(0.00)

	(27) Mid-Atlantic Census Designated Region


	New York, New Jersey, and Pennsylvania - http://www.census.gov/prod/cen2000/doc/sf3.pdf .
	0.08

(0.27)
	1.00

(0.00)

	(28) East-North-Central Census Designated Region


	Ohio, Indiana, Illinois, Michigan, and Wisconsin - http://www.census.gov/prod/cen2000/doc/sf3.pdf .
	0.16

(0.36)
	1.00

(0.00)

	(29) West-North-Central Census Designated Region


	Minnesota, Iowa, Missouri, North Dakota, South Dakota, Nebraska, and Kansas - http://www.census.gov/prod/cen2000/doc/sf3.pdf .
	0.07

(0.25)
	1.00

(0)

	(30) West-South-Central Census Designated Regione


	Arkansas, Louisiana, Oklahoma, and Texas - http://www.census.gov/prod/cen2000/doc/sf3.pdf .
	0.12

(0.32)
	1.00

(0)

	(31) Wet Sunbelt Region


	Alabama, Florida, Georgia, North Carolina, South Carolina, and Tennessee – based on info in Lang (2003). 
	0.19

(0.39)
	1.00

(0.00)

	(32) Dry Sunbelt Region


	Arizona, California, Colorado, Nevada, New Mexico, Utah  – based on info in Lang (2003). 
	0.18

(0.38)
	1.00

(0.00)

	(33) Years State had Vertically Integrated Local Growth Management
	Requires coordination of land use planning activity between local governments and state – based on info in Dawkins and Nelson (2003).
	1.56

(5.06)
	39.00

(0.00)

	(34) Years State had Horizontally Integrated Local Growth Management
	Requires coordination of land use planning activity between adjacent local governments – based on info in Dawkins and Nelson (2003).
	1.37

(4.37)
	39.00

(0.00)


	Name
	Source
	Mean

(Stand. Dev.)
	Maximum

(Minimum)

	(35) Years State had Internally Integrated Local Growth Management
	Requires coordination of land use planning activity between local governments and county they are in – based on info in Dawkins and Nelson (2003).
	1.87

(5.26)
	39.00

(0.00)

	(36) Years Someplace in Urbanized Area had Weak Accommodating Urban Containment
	Years “weak” urban containment (does not facilitate affordable housing, adequate infrastructure, land conservation outside boundary) that does accommodate future growth –  based on Nelson and Dawkins (2003).
	0.83

(4.33)
	42.00

(0.00)

	(37) Years Someplace in Urbanized Area had Weak Restrictive Urban Containment
	Years “weak” urban containment (does not facilitate affordable housing, adequate infrastructure, land conservation outside boundary) that does not accommodate future growth –  based on Nelson and Dawkins (2003).
	0.68

(3.91)
	37.00

(0.00)

	(38) Years Someplace in Urbanized Area had Strong Accommodating Urban Containment
	Years “strict” urban containment (facilitates affordable housing, adequate infrastructure, land conservation outside boundary) that does accommodate future growth –  based on Nelson and Dawkins (2003) and author supplements..
	0.99

(4.11)
	37.00

(0.00)

	(39) Years Someplace in Urbanized Area had Strong Restrictive Urban Containment
	Years “strict” urban containment (facilitates affordable housing, adequate infrastructure, land conservation outside boundary) that does not accommodate future growth –  based on Nelson and Dawkins (2003) and author supplements.
	0.422

(2.40)
	22.00

(0.00)


Notes to Table 3
a Calculated as weighted average of UA market value of agricultural products sold per acre


n


∑ xi  


i = 1

b Calculated as weighted average crimes per 100 of the population in UA central places

n


∑ xi  


i = 1

c All tax data calculated as state total municipal or county own-source revenue / state total municipal or county revenue from the associated tax for each state.  A State’s municipal or county average was used for all of the UAs in that state. For interstate UAs, a weighted value was calculated. 


 n


∑ xi  


i = 1

d Other taxes include taxes not listed separately or provided for in categories assigned by the US Census Bureau, such as taxes on land at a specified rate per acre (rather than on assessed value) – Source, US Census Bureau, Federal, State, and Local Governments: Government Finance and Employment Classification Manual, Chapter 7 - Description of Tax Categories  http://www.census.gov/govs/www/index.html .
e The South-Atlantic, East-South-Central, Mountain, and Pacific Census Divisions are excluded because they contain the states that are included in Wet Sunbelt and Dry Sun Belt measures.  Thus, the excluded category of states include Delaware, Maryland, District of Columbia, Virginia, West Virginia, Kentucky, Mississippi, Montana, Idaho, Wyoming, Washington, Oregon, Alaska, and Hawaii.

Table 4: Regression Results Using 2000 Log Square Miles in 452 United States Urbanized Areas as Dependent Variable

	Explanatory Variable
	(1)

Coefficient

(Standard Error)
	(2)

Coefficient

(Standard Error)
	(3)

Coefficient

(Standard Error)

	Constant


	-25.071***

(3.578)
	-25.346***

(3.516)
	-25.088***

(3.489)

	Log Population


	0.895***

(0.019)
	0.895***

(0.020)
	0.896***

(0.020)

	Log Agricultural Land Price Per Acre (1997) 

	-0.007

(0.011)
	-0.003

(0.012)
	-0.005

(0.011)

	Log Median Household Income (1999)


	0.241**

(0.123)
	0.310**

(0.124)
	0.269**

(0.124)

	Log Percent Households Owning One or More Cars


	3.367***

(0.791)
	3.249***

(0.776)
	3.306***

(0.774)

	Log Percent Population Born in State


	-0.117**

(0.052)
	-0.110**

(0.053)
	-0.130**

(0.053)

	Log Average Household Size


	-0.517**

(0.280)
	-0.757***

(0.271)
	-0.560**

(0.281)

	Log Percent Population Less 18 Years Old


	0.490***

(0.136)
	0.549***

(0.133)
	0.493***

(0.136)

	Log Percent Population Greater or Equal 65 Years Old


	0.271***

(0.054)
	0.228***

(0.053)
	0.267***

(0.054)

	Log Percent Employed in Wholesale/Transportation/

Warehousing
	-0.108**

(0.048)
	-0.114**

(0.046)
	-0.109**

(0.047)

	Log Percent Employed in Management/Finance/Insurance/

Real Estate
	-0.291***

(0.064)
	-0.310***

(0.065)
	-0.293***

(0.064)

	Log Percent Employed in Construction


	0.066

(0.062)
	0.072

(0.061)
	0.064

(0.061)

	Log Percent Central Place(s) Population Poor (1999)


	0.143***

(0.052)
	0.173***

(0.052)
	0.156***

(0.053)


	Explanatory Variable
	(1)

Coefficient

(Standard Error)
	(2)

Coefficient

(Standard Error)
	(3)

Coefficient

(Standard Error)

	Log Percent Central Place(s) Crime  Rate

	0.067***

(0.019)
	0.070***

(0.019)
	0.068***

(0.019)

	Log Central Places(s) Years Old Median Age Home


	-0.061

(0.037)
	-0.061

(0.038)
	-0.056

(0.037)

	Log Percent Central Place(s) Population Asian


	-0.040**

(0.019)
	-0.046**

(0.018)
	-0.039**

(0.180)

	Log Percent Central Place(s) Population African American


	0.043***

(0.012)
	0.040***

(0.013)
	0.040***

(0.013)

	Log Percent Central Place(s) Population Latino


	-0.077***

(0.013)
	-0.074***

(0.013)
	-0.077***

(0.013)

	Log Number of Central Places in Urbanized Area


	0.005

(0.021)
	0.004

(0.020)
	0.005

(0.020)

	Log Number of Counties in Urbanized Area


	0.095***

(0.020)
	0.098***

(0.020)
	0.094***

(0.020)

	Log Percent State’s Local Government’s Own-Source Revenue from Property Taxes (1997) c
	0.091*

(0.048)
	0.129***

(0.047)
	0.100**

(0.047)

	Percent State’s Local Government’s Own-Source Revenue from General Sales/Gross Receipts Taxes (1997)
	0.005***,a
(0.002)
	0.007***,a
(0.002)
	0.006***,a

(0.002)

	Percent State’s Local Government’s Own-Source Revenue from Other Sales Taxes (1997)
	-0.007

(0.011)
	-0.011

(0.011)
	-0.008

(0.011)

	Percent State’s Local Government’s Own-Source Revenue from Income Taxes (1997)
	0.002

(0.002)
	0.002

(0.002)
	0.003

(0.002)

	Multistate Urbanized Area


	0.014

(0.032)
	0.019

(0.032)
	0.011

(0.031)

	New England Census Designated Region


	0.270***

(0.055)
	0.232***

(0.057)
	0.254***

(0.057)

	Mid-Atlantic Census Designated Region


	0.115**

(0.054)
	0.099*

(0.055)
	0.102**

(0.055)

	East-North-Central Census Designated Region


	-0.116***

(0.043)
	-0.124***

(0.043)
	-0.119***

(0.043)


	Explanatory Variable
	(1) 

Coefficient

(Standard Error)
	(2)

Coefficient

(Standard Error)
	(3)

Coefficient

(Standard Error)

	West-North-Central Census Designated Region


	-0.158***

(0.047)
	-0.165***

(0.049)
	-0.157***

(0.049)

	West-South-Central Census Designated Regione


	-0.032

(0.044)
	-0.037

(0.045)
	-0.028

(0.044)

	Wet Sunbelt Region


	0.150***

(0.033)


	0.101***

(0.032)


	0.148***

(0.033)



	Dry Sunbelt Region


	-0.109**

(0.045)


	-0.093**

(0.044)


	-0.093**

(0.045)



	Years State had Vertically Integrated Local Growth Management


	-0.017**,b
(0.008)
	Not used
	-0.016*,b

(0.008)

	Years State had Horizontally Integrated Local Growth Management
	-0.009**,c
(0.004)
	Not used
	-0.009**,c

(0.004)

	Years State had Internally Integrated Local Growth Management
	0.017**,d
(0.009)
	Not used
	0.016*,d

(0.009)

	Years Someplace in Urbanized Area had Weak Accommodating Urban Containment
	Not used
	-0.001

(0.003)
	-0.001

(0.003)

	Years Someplace in Urbanized Area had Weak Restrictive Urban Containment
	Not used
	-0.003

(0.002)
	-0.003

(0.002)

	Years Someplace in Urbanized Area had Strong Accommodating Urban Containment
	Not used
	-0.001

(0.002)
	-0.001

(0.002)

	Years Someplace in Urbanized Area had Strong Restrictive Urban Containment
	Not Used
	-0.007**,e
(0.004)
	-0.007**,e

(0.004)

	R-Squared 
	0.963
	0.963
	0.964

	Adjusted R-Squared
	0.960
	0.959
	0.960

	F Statistic
	313.310***
	300.250***
	281.70***


White’s heteroskedasticity robust weighted least squares used.

*** Indicates statistical significance in a two-tailed test at greater than 99 percent confidence, ** indicates greater than 95 to 99 percent confidence, * indicates 90 to 95 percent confidence.

Regression coefficients calculated for a logged explanatory variable represent elasticities.  
To calculate the elasticities for statistically-significant non-logged explanatory variables, calculated at the mean of the non-zero values, multiply the reported regression coefficients by the respective values: a = 11.28, b = 13.86, c = 12.65, d = 12.09, and e = 14.69. 

Table 5: Expected Square Mile Increase for Respective Ten Percent Increase in Explanatory Variables Using Regression (3)

	Explanatory Variable that Rises by Ten Percent in Value


	Expected Increase for United States’ Median Population Urbanized Area (Killeen, Texas) of 64.1 Square Miles

	“Natural Evolution” Factors
	

	Population
	5.74 square miles

	Median Household Income
	1.72 square miles

	Percent Households Owning One or More Cars
	21.19 square miles

	Percent Population Born in State
	-0.83 square miles

	Average Household Size
	3.59 square miles

	Percent Population Less 18 Years Old
	3.16 square miles

	Percent Population Greater or Equal 65 Years Old
	1.71 square miles

	Percent Employed in Wholesale/Transp./Warehousing
	-0.70 square miles

	Percent Employed in Management/Finance/etc.
	-1.88 square miles

	“Flight From Blight” Factors
	

	Percent Central Place(s) Population Poor
	1.00 square miles

	Central Place(s) Crime Rate
	0.44 square miles

	Central Place(s) Population Asian
	-0.25 square miles

	Central Place(s) Population African American
	0.26 square miles

	Central Place(s) Population Latino
	-0.49 square miles

	“Fiscalization of Land Use” Factors
	

	Number Counties in Urbanized Area
	0.60 square miles

	Percent State’s Local Revenue from Property Taxes
	0.64 square miles

	Percent State’s Local Revenue from General Sales Taxes 
	0.43 square miles

	Regional Dummies 
	

	New England
	1.3 square miles

	Mid Atlantic
	1.1 square miles

	East North Central
	-1.2 square miles

	West North Central
	-1.2 square miles

	Wet Sunbelt
	1.2 square miles

	Dry Sunbelt
	-0.9 square miles

	State Growth Management / Local Urban Containment
	

	Years State Vertically Integrated Growth Management
	-1.42 square miles

	Years State Horizontally Integrated Growth Management
	-0.73 square miles

	Years State Internally Integrated Growth Management
	1.24 square miles

	Years Someplace in Urbanized Area had Strong Restrictive Urban Containment
	-0.66 square miles


With the exception of the State Growth Management / Local Urban Containment and Regional Dummies, all 10 percent increases are calculated as if they occurred at any possible value of the explanatory variable.  For the State Growth Management / Local Urban Containment explanatory variables, the resulting increase in land area is calculated as if the 10 percent increase occurred from the average of the non-zero observations for a respective explanatory variable.  For Regional Dummies the calculated increase in square miles is for the respective regional dummy taking on a value of one from a previous value of zero.
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Where xi = {(state average municipal own source revenue from associated tax) (state percent of UA land area)}, and n = number of states included in the UA.


 


And n = number of central places in the UA.











Where xi = {(central place crimes per 100 of the population) (central place percentage of UA total central place population)}, and n = number of central places in the UA.


 


And n = number of central places in the UA.








Where xi = {(county market value of agricultural products sold per acre) (county percent of UA land area)} ,  and n = number of counties included in the UA.


           





And n = number of counties in the UA


 


And n = number of central places in the UA.











� See Ewing, 1994 and 1997; Sierra Club, 1998; Downs, 1999; and Wassmerman, 2000.  These concerns were also raised in a year 2000 HUD sponsored survey of 1,926 U.S. localities that asked the top appointed official what where their locality’s major growth concerns (Emrath, 2000). 


� See � HYPERLINK "http://www.epa.gov/livability" ��http://www.epa.gov/livability� .


� See O’Neil (2000) for other examples of Smart Growth tools.


� In 2000 the Census defined an urbanized area (UA) as a densely settled urban territory that contains 50,000 people and consists of all Census Blocks possessing a minimum of 1,000 people per square mile.  The criteria for including a Census Blocks with a lower population density as part of a UA depends on the Block’s proximity and relationship to the identified Central Place(s) in the UA.  See Appendix A of United States Census Bureau’s PHC-3-A available at � HYPERLINK "http://www.census.gov/prod/cen2000/phc-3-a.pdf" ��http://www.census.gov/prod/cen2000/phc-3-a.pdf� for a full description of the year 2000 method of choosing United States’ UAs and the designated Central Place(s) thin them.te2000 are not parable.  In 1990, the Census designation of a UA focused on the inclusion of whole places wherever possible and UAs were crafted to generally include all territory from previous Census UA delineations; i.e., grandfathering was used extensively and the square miles of a UA rarely shrank.  Also, incorporated place territories that had 100 people per square mile were automatically fully included in the UA.  In 2000, the Census switched its inclusion emphasis to a minimum population density of 1,000 without regard to incorporated area boundaries.  Thus, this research is restricted to the use of one year of data from United States’ UAs.


� The simple correlation between log population and log square miles is 0.95.


� An elasticity measures the percentage change in the dependent variable given a one-percent change in a given explanatory variables (holding the other explanatory variables constant).


� Though when interpreting the influence of auto ownership on the square mile size of an urban area realize that prevalence of auto ownership in a United States’ urbanized area is very likely to be caused by degree of decentralization in the urban area.  Because the geographical size of an urban area causes differences in auto ownership and vice-versa (as modeled here), this explanatory variable must be considered endogenous and the related regression likely to be biased in a positive manner.


� These are calculated by taking the antilog of the respective regression coefficient and for magnitude of importance can be compared to average square mile size of all U.S. urbanized areas in 2000 of 159.3.
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