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In North Texas, the Barnett Shale underlies large areas of the Dallas Fort Worth 

Metroplex (DFW), which magnifies debates about the externalities of shale gas 

development (SGD). Continued demand for natural gas and expansive urbanization in 

DFW will cause more people to come in contact with drilling rigs, gas transport, and 

other urban shale gas landscapes. Thousands of gas wells within the DFW region 

occupy a large, yet scattered land surface area. DFW city planners, elected officials, and 

other stakeholders must deal with current and future urban growth and the surface 

impacts that are associated with gas development. This research examines how shale gas 

landscapes affect urban land uses, landscapes, and patterns of development in DFW. 

The study focuses on multiple fast growing DFW municipalities that also have high 

numbers of gas well pad sites. This study asks what are the spatial characteristics of gas 

well production sites in DFW and how do these sites vary across the region; how do gas 

well production sites affect urban growth and development; and how are city 

governments and surface developers responding to gas well production sites, and what 

are the dominant themes of contestation arising around gas well production sites and 

suburban growth? 
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CHAPTER 1

INTRODUCTION

Transitions in the global energy market have shifted the focus to unconventional energy

resources such as shale gas. Increases in natural gas prices and the evolution of advanced

drilling techniques such as hydraulic fracturing and directional drilling, have made the extrac-

tion of natural gas resources contained within shale formations economically viable. Shale gas

development (SGD) has transformed the American energy sector; so much so that pundits have

called natural gas “the future of energy in North America” (Vaughan and Pursell, 2010). The

Barnett Shale–located directly underneath the Dallas-Fort Worth Metroplex (DFW)–has become

ground zero for the unconventional energy boom that has occurred in North America over

the past decade. However, shale gas development (SGD) in DFW and the Barnett is different

than that in the Marcellus and Bakken shale plays in rural Pennsylvania and North Dakota, due

to the juxtaposition of large-scale gas extraction operations within rapidly growing urban and

suburban landscapes.

The unconventional drilling boom has not come without criticism. A growing body of

critical research illustrates linkages between unconventional shale gas drilling and increased

risks of seismic activity, the industrialization of rural and suburban communities, declines in

neighborhood quality and home property values, infrastructure degradation, noise pollution, air

pollution, and environmental contamination (Rahm, 2011; Howarth et al., 2011; Broomfield, 2012;

Kennedy, 2014; Rahm et al., 2015). In North Texas, particularly the Dallas-Fort Worth Metroplex

(DFW), shale gas development has been the focus of intense debate over its impact on the

environment and society. Drawing from literature on unconventional hydrocarbon development,

urban land use/land cover change, and urban planning and development, this thesis examines

the urban landscape implications of shale gas development within DFW municipalities.

Technological advancements such as hydraulic fracturing and horizontal drilling have

made large reserves of shale and other unconventional hydrocarbons accessible (U.S. Energy

Information Administration, 2015). High natural gas prices spurred the advancement and appli-
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Figure 1.1. Henry Hub Natural Gas Spot Price (Dollars per Million Btu), 1997-

2015. (EIA, 2015).

cation of unconventional drilling techniques after 2003. By 2008, natural gas prices reached a

record high of $8.86 per million BTU, a 105 percent increase from the 2000 average price (Fig-

ure 1.1). Concurrently, loopholes and exceptions in environmental protection legislation limited

oversight, removed barriers to extraction activities, and assured that energy companies would

not be held liable for accidents or environmental contamination (Kosnik, 2007). The combina-

tion of inflated natural gas prices, lax regulation, and the maturity of extraction technologies,

created the ideal environment for the emergence of widespread shale gas resource development.

The Barnett Shale in North Texas was the first shale deposit extensively developed

using these techniques, and became a proving ground for other shale formations across the

United States (Arthur et al., 2008; U.S. Energy Information Administration, 2015). The Barnett

Shale sits beneath the Dallas-Fort Worth Metroplex, the fourth largest metropolitan area in

the U.S. with approximately 7 million residents within its 12 county statistical area (Figure 1.2).

DFW is growing at an extremely rapid pace, between 1990 and 2000, it experienced a 29.4

percent increase in population (U.S. Census Bureau, 2005). While growth has since slowed

considerably, the Metroplex experienced an 8 percent population increase between 2010 and

2014, still making it one of the fastest growing major metropolitan areas in the U.S. (U.S. Census

Bureau, 2015).
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Figure 1.2. Barnett Shale and the Dallas-Ft. Worth Metroplex

Growth in the 1980s, 90s, and early 2000s resulted in the sprawling expansion of suburbs

in DFW and increased the interface between urban and rural land-uses (Friedberger, 2006). The

presence of a large resource reserve, a regional embrace of the oil and gas industry, as well as “a

casual attitude to regulations, lax zoning, and opportunism” lead to the wide scale application

of unconventional drilling methods in the Barnett Shale formation (Friedberger, 2006, 359).

The combination of these social, political, economic, and natural forces set the course for the

convergence of suburban development and industrial extraction activities and new energy and

urban landscapes.

Shale gas development has implications for the urban landscapes of DFW. Landscapes

are broadly defined as observable mosaics of different land features and land uses across a spa-

tial extent (Forman, 1995). Landscapes are comprised of both physical and cultural elements,

that extend from the tangible–land cover, built infrastructure, and transportation networks –

to the intangible – political divisions, ownership boundaries, and differential land uses (Brown
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et al., 2005). This thesis utilizes quantitative and qualitative methodologies to understand the

regional, local, and site-specific effects of shale gas development on DFW landscapes, and in

particular the urban-rural fringe areas that sit atop the Barnett where drilling and suburban

development overlap. Specifically, it examines how shale gas development affects urban devel-

opment and landscapes by asking:

(1) What are the spatial characteristics of gas well production sites in DFW and how do

these sites vary across the region?

(2) How do gas well production sites affect urban growth and development?

(3) How are city governments and surface developers responding to gas well production

sites, and what are the dominant themes of contestation arising around gas well pro-

duction sites and suburban growth?

To contextualize the confluence of rapidly growing cities, land use change, and increasing

shale gas extraction, the next section reviews geographic literature on urban land use and land

cover change, urban growth and development, municipal policy making in US Sunbelt cities,

and shale gas development.
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CHAPTER 2

LITERATURE REVIEW

2.1. Urban Growth and Development

The following section focuses on the literature of land use and land cover change, and

urban planning and policy literature with the goal of understanding the forces driving urban

change, the impacts of growth, and how governments at multiple scales attempt to respond and

regulate growth with planning and policy measures.

2.1.1. Urban Land Use and Land Cover Change

Land cover is defined as the natural characteristics of land, while land use is the human

realization and utilization of land (Lambin et al., 2001). Changes in land use and land cover

result from growing populations, agricultural intensification, increased urbanization, and alter-

ations to biophysical processes (Lambin et al., 2001; Vitousek et al., 2008). These changes to

the Earth’s surface characteristics are often drastic; estimates suggest that urban land is likely

to increase between 430,000 and 12,568,000 acres by the year 2030 (Seto et al., 2011). Grow-

ing urban land uses and populations serve as impetus to other surface changes. As of 2014,

54 percent of the total global population resides in urban environment; by 2050, the share of

urban population is projected to rise to 66 percent (United Nations, 2014). There are a number

of forces behind the growth of urban areas, many of which are dependent on the context of the

specific region. However, general trends driving urban growth include but are not limited to:

population increases, economic growth and agglomeration of firms and capital, improvements

in employment opportunities and lifestyle, transportation networks (Bhatta, 2010).

One impact of urbanization on land use and land cover change is the urban-rural link-

ages that sustain the activities of consumption which occur within urban areas. Urban growth

increases demand for residential and commercial development, further increasing the urban

area footprint through expansion into the rural periphery (Theobald, 2001). Growing urban

populations also increase demand for resources such as water, timber, food, minerals, and hy-

drocarbons. The human processes dedicated to extracting these resources and producing them
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into consumable goods for society, have physical footprints that alter characteristics of the land

surface (Vitousek et al., 2008). For example, construction in the urban center increases de-

mand for raw materials, which in turn drives aggregate mining and energy development in the

periphery. These urbanization processes result in significant land use changes and extensive

alterations of pre-existing landscape patterns (Deng et al., 2009).

Urbanization also impacts peripheral land use, land cover, and rural-urban linkages.

These linkages, driven in part by demand for consumable resources, alter both the rural and

urban nodes in the system (Lambin et al., 2001). Urban land use systems involve complex

linkages that transcend boundaries of space, linking locations and processes from distant areas.

These systems can be conceptualized through the framework of urban land use teleconnections

(ULT); which refers to the concept of “distal flows and connections of people, economic goods

and services, and land use change processes that drive and respond to urbanization” (Seto et al.,

2012, 7687). This framework moves towards a conceptualization of broader, interconnected land

use systems, rather than direct place based impacts, connecting the phenomenon of urbanization

and land use change (Seto et al., 2012; Meyfroidt et al., 2013; Güneralp et al., 2013).

ULT argues against conventional discrete categorization of land (urban vs. rural) because

it ignores the specific characteristics of land and the connections behind places and land uses.

The ULT framework is focused on understanding the linkages between land use/land cover

change and urbanization in order to understand the externalities of these growth dynamics

(Güneralp et al., 2013). For example, Seto et al. argues that one of the four types of ULT is

evident when an increase in population in one urban area, leads to land change in another

urban/peri-urban area. For example, an increase in urban population in one municipality leads

to an uptick in residential development in the surrounding rural area.

The consumption of land through urbanization is another theme in land use/land cover

change studies. The physical dimensions of land use and land cover change occur as functions

of the social, political, and economic forces. For example, Hasse and Lathrop (2003) suggest

that low-density urban development is one of the main drivers of land use/land cover change

in the United States. Urban growth rates average around 2.2 to 3.9 percent annually (Seto
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et al., 2011). An average North American city has an urban land growth rate of 3.31 percent,

compared to 2.5 percent for European cities (Seto et al., 2011). Approximately 8.6 percent of

the United States’ total land area experienced land cover change between 1973 to 2000; with

developed areas increasing approximately 33 percent between 1986 and 1992 (Sleeter et al.,

2013). It is estimated that developed land area will increase 79 percent by the year 2025 (Alig

et al., 2004). Population growth is the more significant catalyst to urban development in North

America, particularly low-density development, which takes place in urban-rural fringes (Brown

et al., 2005). Jenerette and Wu (2001), Wu et al. (2001), and Sutton (2003) all found that rapid

and intense suburban growth was a driving factor behind land use and land cover change in

American metropolitan areas.

Land systems are the surface manifestations of human-environment interactions, com-

posed of “socioeconomic, technological and organizational investments and arrangements, as

well as the benefits gained from land and the unintended social and ecological outcomes of

societal activities” (Verburg et al., 2013). Similarly, the relationship between society, policy,

economics, urban development and energy resources can be described in terms of an energy

landscape. The term energy landscape has been used to characterize “the constellation of activ-

ities and socio-technical linkages associated with energy capture, conversion, distribution and

consumption” (Bridge et al., 2013, 335). Activities associated with energy development have dis-

crete and tangible physical impacts to the earth’s surface, resulting in a myriad of land use and

land cover changes. However, the component factors of an energy landscape (e.g. economics,

policy, and population dynamics) maintain broad and complex local and remote linkages that

are driven by a whole host of intangible factors, many of which are borne at the national and

global scale (Lambin and Meyfroidt, 2011). Utilizing the framework of urban land teleconnec-

tions, it is evident that the physical and human landscape constructs are not discrete entities;

but rather these components are an intertwined land use system which impacts both physical

and human components of the landscape (Verburg et al., 2013).

The constellation of gas pad sites across the urban-rural fringes of North Texas, along

with the physical, political, and social constructs surrounding them, is an example of a modern
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energy landscape, driven by local and global forces. Perhaps most unique about development

in North Texas is the juxtaposition of suburban development, a type of urban form created and

supported by hydrocarbon-based transportation regimes, and hydrocarbon extraction opera-

tions in the form of natural gas drilling. This scenario pits two of the preeminent market forces

in modern America against each other: the suburban growth regime and energy development.

The hydrocarbon development and growth regime present in North Texas is a tangible manifes-

tation of an energy landscape, with the consumption, capture, and distribution of energy taking

place in a shared space.

2.1.2. Planning, Land Use, and Policy in Sunbelt Cities

The shared geography of hydrocarbon extraction and urban development highlights the

importance of the governance and regulation of urban spaces. Urban planning is a technical and

political process focused on governing land use for the optimization of a community’s social,

economic, and environmental goals (Levy, 2009). Urban planning, as a practice, synthesizes a

wide range of factors and concerns with the ultimate goal of the improvement of a community

in step with established goals, within the geography and context that a community operates.

Natural, economic, historic, social, and political forces form the context in which communities,

and their planners must operate.

The historical underpinnings of the development of contemporary US cities are found

partially in the economic and geographic restructuring of post-WWII known as “regional in-

version,” in which the traditionally dominant urban cores of the Northeast and Midwest ceded

economic and population dominance to newer, and less dense Sunbelt metropolitan areas in the

southern U.S. (Suarez-Villa, 2002). Metropolitan areas throughout the Sunbelt have grown ex-

tremely rapidly since the mid-twentieth century. According to Storper and Scott (2009), urban

growth in the Sunbelt was fostered by “the profound economic restructuring of the Manufac-

turing Belt [also known as the Rustbelt], and then, more importantly, the emergence of major

new growth centers at Sunbelt locations relatively untainted by older forms of industrial devel-

opment and working-class norms of job performance and labor organization” (161). Human and

infrastructure based factors including abundance of undeveloped land, comparatively low labor
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costs, relaxed political and regulatory environments, and lower taxes were key characteristics to

the growth of many metropolitan areas across the Sunbelt (Suarez-Villa, 2002).

The American system of governance fosters a decentralized and competitive system of

governance in which states and municipalities are free to establish their own economic and

development policies (Suarez-Villa, 2002). According to Suarez-Villa (2002), this decentral-

ized system of development governance creates an environment in which authorities compete

for capital based on incentives and comparative advantage. Development patterns are the built

manifestation of land economics, geography, and public policy (Paulsen, 2014). Greenfield devel-

opment is a term used by planning and development professionals that describes development

on open, previously undeveloped parcels of land (van Dijk et al., 2007). The nature of suburban

development is such that greenfield development is much more common than infill develop-

mentâĂŤredevelopment of previously occupied land parcels. For example, Paulsen (2014) finds

that the level of sprawling greenfield development in a state is a function of the amount of state

level planning policy, with increased greenfield development associated with lesser levels of state

policies. Kane et al. (2014) analyzed housing dynamics in Phoenix, Arizona during 2002-2006

real estate boom and the subsequent 2006-2012 housing crisis and global recession; finding that

market actors prefer relatively cheaper land farther from traditional urban cores and low-density

greenfield development. The causes of low-density urban development are varied, however fac-

tors include, but are not limited to: increased household incomes, technological advancements,

decentralization of industrial and employment centers, changes in consumer preferences, and

subsidies to automobile transportation (Ewing, 1997, 2008).

In DFW, regional economic growth, as well as “a casual attitude to regulations, lax zon-

ing, and opportunism” has fueled expansive suburban development over the past twenty years

(Friedberger, 2006, 359). Illustrating this point, Grodach (2011) examined economic develop-

ment practices in several DFW municipalities in order to understand the dynamic of economic

growth and sustainable development in the region. DFW municipal economic development

practitioners largely rely on a mindset of “economic growth over social equity and environmen-

tal protection” while considering environmental protection as outside of their responsibilities
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(Grodach, 2011, 308). According to Graff (2008), the Dallas metropolitan area is not entirely

unique from others in the U.S., but rather the scale to which specific urban characteristics are

evident, is much more pronounced. These characteristics include “spatial decentralization; pre-

occupation with economic and geographic expansion to the exclusion of the environment and

quality of life; [and] the assumption that business elites are best fitted to define the common

interest” (Graff, 2008, xxii).

This “economic imperative,” or the dominance of growth in a regional economy, is a

feature of most metropolitan areas, especially those rapidly growing metros across the Sunbelt

(Turner, 1992). For example, Dallas has placed economic development at the forefront of its

goals; as early as 1966 in Goals for Dallas, the desire for Dallas to “sustain economic growth

rates which exceed those of our state and nation” was made clear

(Graduate Research Center of the Southwest, 1966, 26). Municipalities of the Metroplex operate

within The Texas Model, a broad set of policy goals as championed by former Governor Rick

Perry, and highlighted by relaxed regulation and limited taxation; foundationally rooted in the

prevailing cultural and social ideals of an independent and free Texas (Coyne, 2013). At its core,

The Texas Model is best described as neoliberalism.

Neoliberalism is defined as the prioritization of market-based and oriented solutions to

regulation and governance (Brenner and Theodore, 2005; Brenner et al., 2010). Sager (2011)

defines neoliberal policy as “a shift from government to (partly) private strategies, or a conver-

sion from publicly planned solutions to competitive and market-oriented ones, or at least the

serving of business companies and their favoured [sic.] customer groups” [148]. While drawing

basis in economics, neoliberalism involves the application of “market values” to non-economic

institutions and society, introducing the idea of rational actors to non-economic decision mak-

ing (Brown, 2003, 2006). The emergence of neoliberal development policy epitomizes the

deployment of market-focused ideals into public policy, through the redefinition of the relation-

ship between capital and government, elevating growth above all other priorities (Brenner and

Theodore, 2005; Sager, 2011). It is within this context that urban development in North Texas

can be best understood; with the hegemony of the individual prosperity (developers, landowners,
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mineral owners, gas developers) placing itself in the forefront of public debates and planning

efforts (Friedberger, 2006; Graff, 2008).

Discursive regulation theory is a framework of governance in which economic growth

is sustained and propagated through the establishment of text, language, and other types of

discourse that are targeted at creating demand, protecting capital, and favoring the means of

production. Discourse is created through the integration of social and political forces (business,

government, goals of individuals) towards market goals; resulting in collective pressure being

placed upon society through the creation of “habits, customs, social norms and enforceable

laws” fosters an regulatory system that is focused on the maximization of development (both

economic, or otherwise) and the creation of demand (Tickell and Peck, 1992, 192). Hudgins

and Poole (2014) and Fry et al. (2015a) provide examples of complex resource governance with

discursive and neoliberal regulatory processes occurring in shale production regions.

As a result of the emphasis placed on economic development, DFW municipalities have

to deal with a unique landscape of growth and resulting development. Urban planning efforts

and policy development are often viewed as government-imposed impediments to free markets

and, as such, are directly impacted by neoliberal policy regimes (Sager, 2011). Narratives from

urban development stakeholders utilize the neoliberal goals of market optimization, efficiency,

and liberalization in reference to land-use regulations; running contrary to traditional planning

goals of equity and restraint in development practice, as well as the political pressure placed

upon government from social-welfare focused citizen groups (Levy, 2009). Neoliberal devel-

opment policy seeks the legitimization of laissez-faire regulation through the depoliticization

of policy making, relegating decision making as a function of the market (Brown, 2003, 2006;

Brenner and Theodore, 2005; Sager, 2011). Within suburban landscapes of DFW, there exists

parallel pressures for unrestrained suburban development and the development of shale gas

resources. Emerging is a conflict of governance, with different governance regimes at multiple

scales attempting to regulate surface and mineral interests, within a broader context of market

centric development goals.
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2.2. Shale Gas Development

Hydraulic fracturing and horizontal drilling have made the development of large un-

conventional and shale gas resources possible (U.S. Energy Information Administration, 2015);

leading pundits to call natural gas “the future of energy in North America” (Vaughan and

Pursell, 2010). The traditional methods of drilling vertical wells have been replaced with hori-

zontal drilling techniques; due in part to the maturation of horizontal drilling technology and

its ability to access a greater volume resource, more economically. For example, a horizontal

well in the Marcellus Shale offers a 3900 percent to 11900 percent increase in exposure to the

shale formation when compared to that of a vertical well (Arthur and Cornue, 2010). Industry

articles state that one of the benefits of advanced horizontal drilling techniques used in shale gas

development is the minimization of surface impacts; citing the ability for fewer wells, pad sites,

and all the accompanying infrastructure to access resources, compared to that of traditional

vertical style drilling (Arthur and Cornue, 2010).

In addition to hydraulic fracturing and horizontal drilling technologies, high prices for

natural gas made large reserves of shale and other unconventional hydrocarbons accessible. For

example, by 2008, natural gas prices reached a record high of $8.86 per million BTU, a 105

percent increase from the 2000 average price (U.S. Energy Information Administration, 2015).

Concurrently, loopholes and exceptions in environmental protection legislation limited over-

sight, removed barriers to extraction activities, and assured that energy companies would not

be held liable for accidents or environmental contamination (Kosnik, 2007). The combination

of inflated natural gas prices, lax regulation, and the maturity of extraction technologies created

the ideal environment for the emergence of widespread shale gas resource development.

The Barnett Shale in North Texas was the first shale deposit extensively developed using

these techniques, and became a proving ground for other shale formations across the United

States (Arthur et al., 2008; U.S. Energy Information Administration, 2015). The Barnett Shale

sits beneath DFW where the presence of a large shale deposit under a heavily populated met-

ropolitan area has magnified debates over the positive and negative externalities related to gas

development via unconventional drilling methods (Fry, 2013). Proponents of shale gas develop-
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ment (SGD) point to various studies (including peer-reviewed, industry-funded, or a combination

of both) that point to safety and economic benefits of increased natural gas production in the

U.S. (Vaughan and Pursell, 2010; Howarth et al., 2011). Conversely, a growing body of research

shows linkages between hydraulic fracturing (fracking ) and increased risks to local populations

(Kennedy, 2014; Werner et al., 2015).

While a large component of the shale gas literature focuses on the environmental impacts

of fracking fluids, SGD also presents a completely new set of land and water use challenges com-

pared to those presented by traditional drilling activities (U.S. House of Representatives, 2011;

Rahm, 2011; Howarth et al., 2011; Werner et al., 2015; Rahm et al., 2015). First, the large amount

of water that is needed in the fracking process raises questions about water consumption in

drought-ridden areas (U.S. Environmental Protection Agency, 2012). Second, and more perti-

nent for this study, the fracking process used in modern shale gas operations requires a larger

surface operation.

2.2.1. Surface Impacts of Gas Development

Unconventional drilling techniques have been shown to require greater amounts of sur-

face infrastructure, in turn demanding larger parcels of land dedicated to hosting these activities.

The amount of surface disturbance associated with gas development varies depending on the

characteristics of the drilling operation. Modern horizontal drilling and hydraulic fracturing op-

erations are complex, yet follow a straightforward procedure. First, a drilling rig is constructed

(3 days), the vertical portion of the well is drilled, and steel and cement casing is placed around

the wellbore (14 days). The vertical portion of the well ends at the “kick off point,” the point

at which the drilling process begins to turn horizontal (about 500 ft above the shale formation,

6000 ft below the surface). The horizontal portion of the well is drilled to a distance (1,000 to

10,000 ft) that will allow for economical production of the shale bed. Once the well has been

drilled in its entirety, the drilling equipment on the surface is removed. Next, the horizontal

portion of the well is perforated, and the fracking process begins. This stage in the process

is referred to as the completion phase (3-10 days). Fracking fluid–a mixture of water, sand,
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Figure 2.1. Gas Production Site during the Production Phase, Denton, Texas (A:

Google, 2015; B: Sakinejad, 2015).

lubricant, and other additives–is injected into the well under pressure, creating fractures within

the shale formation. These fractures allow the hydrocarbons to escape the shale, and to be

extracted from the well. The fluids are removed from the well and the extraction of gas from

the shale formation begins. Once this phase is completed, the majority of the surface equipment

is removed, leaving tanks, a wellhead, and other ancillary equipment on the site. Depending

on the location of the production site, fencing and aesthetic elements are added (Figure 2.1)

(FracFocus, nd; Halliburton, nd).

Estimates of surface impacts vary with geography. On the Marcellus Shale in Pennsyl-

vania, it has been estimated that conventional gas and oil drilling sites have surface operations

of 1.5 to 3 acres (0.60 to 1.21 ha) in size, whereas unconventional drilling sites generally range

from 4 to 5 acres (1.61 to 2.02 ha) in size (Meng, 2014). Jantz et al. (2014) assessed land use/land

cover change resulting from natural gas drilling operations in Bedford County, Pennsylvania and

found that the County’s mean gas well pad size was 6.07 acres (2.45 ha), with an additional 3.85

acres (1.55 ha) of supporting infrastructure present at each site.
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In the context of the Fayetteville Shale in Arkansas, the U.S. Bureau of Land Management

(BLM) estimates that conventional (vertical) deep oil and gas wells have a typical exploratory

well disturbance of 3.96 acres (1.60 ha), a construction disturbance of 6.71 acres (2.71 ha),

and an operation/production disturbance of 2.24 acres (0.90 ha). It is estimated that uncon-

ventional (horizontal) gas wells and associated infrastructure have a typical exploratory well

disturbance of 3.43 acres (1.38 ha), a construction disturbance of 6.90 acres (2.79 ha), and an

operation/production disturbance of 2.21 acres (0.89 ha). Further, an unconventional gas well

production site with at least four wells on location will have an exploratory well disturbance of

1.66 acres (0.67 ha) per well, a construction disturbance of 2.87 acres (1.16 ha) per well, and an

operation/production disturbance of 0.86 acres (0.34 ha) per well (U.S. Bureau of Land Manage-

ment, 2008). While modern high-volume shale gas drilling with horizontal drilling operations

might require fewer pad sites (Baen, 2004), those that are required are much larger, require

more equipment, and more intense industrial activity than that of older, conventional drilling

techniques

(New York State Department of Environmental Conservation, 2009).

2.2.2. Gas Development and Land Use/Land Cover Change

The literature on land use/land cover change in the context of shale gas development

primarily examines environmental implications. Jordaan et al. (2009) find that land disturbance

resulting from gas development have the potential to be significant and often underestimated.

Johnson et al. (2010) utilized aerial photo analysis and GIS methods to determine the impact of

Marcellus Shale gas development on land use/land cover in Pennsylvania, and found high rates

of forest clearance and fragmentation. Drohan et al. (2012) also examine land cover change

resulting from shale gas extraction activity in Pennsylvania, finding that the mean and maximum

number of wells per pad has increased each year, since first appearing in the region. Slonecker

et al. (2012) analyzed land use/land cover change and disturbance resulting from shale gas and

coal bed methane extraction in two Pennsylvania counties; finding that the form and function of

energy extraction activity can significantly alter the pattern, form, and function of preexisting

landscapes, resulting in a disruption to the natural order of a region. While primarily used in
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the context of landscape ecology, landscape metrics can be utilized in order to describe the

structure and patterns of landscapes and allow researchers to objectively analyze disturbances

created by shale gas activities (Slonecker et al., 2012). These indices include disturbance, forest

fragmentation, forest edge, contagion, fractal dimension, and dominance (Slonecker et al., 2012).

Gas drilling in North Texas has been found to increase landscape disturbance and fragmentation

across multiple landscape metrics (Pradhananga, 2014).

The placement of production sites can also impact surrounding land uses. In Texas,

for example, Baen (2004) points out that oil and gas companies are motivated by maximizing

profits and minimizing extraction costs, while surface stakeholders often have vested interests

in “real estate development, investment, or land preservation” (5). Moreover, complications of

intense drilling activity and the conversion of rural and suburban areas into more industrial

uses, in turn, affect community character. For example, estimates put the required number of

heavy truck trips to establish a well pad at 800 to 1,200 trips per wellhead (New York City

Department of Environmental Protection, 2009). Changes in traffic patterns have the ability to

disrupt normal activities within communities.

Whether real or perceived, stakeholders recognize that there are risks associated with

shale gas and fracking activities occurring within their communities. Public perception towards

shale gas development has real implications for communities and policy decisions (Theodori,

2013). For example, Fry et al. (2012) finds that one-third of Dallas-Fort Worth Metroplex resi-

dents view shale-gas extraction as the greatest hazard to area water resources. Theodori (2013)

found that Tarrant County residents hold negative perceptions towards the problematic social

and environmental externalities associated with natural gas operations. Anderson and Theodori

(2009) report both positive and negative perceptions related to energy development in the Bar-

nett shale, with the maturity of drilling operations determining the tendency towards an overall

negative perception of the costs on the community. Schafft et al. (2013) report that the level of

perceived risk and opportunity with SGD is directly related to drilling intensity.

Mixed public perception has translated into negative impacts on property values. Study-

ing in Washington County, Pennsylvania (Marcellus Shale), Muehlenbachs et al. (2012) found
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that the risk of fracking-related groundwater contamination reduces rural property values by

up to 24 percent. Throupe et al. (2013) found that proximity to shale gas operations could lead

to a 5-to-15 percent reduction in home values, depending on the locality, and the “petroleum

friendliness” of the community. The Town of Flower Mound, Texas found a 3 to 14 percent

decrease in property value when located within 1000 feet from a gas production site (Integra

Realty Resources, 2010). Radow (2013) found that some banks and lending institutions refuse

mortgaging homes with drilling leases, or wells present on their property.

2.2.3. Gas Development and Land Use Policy

Planning and land use policies have become central to unconventional hydrocarbon re-

source development. Blohm et al. (2012) found that land use, policies, and regulations were

barriers to gas development in the Marcellus Shale; estimating that 83 and 32 percent of the

Marcellus is inaccessible in New York and Pennsylvania, respectively. Texas maintains a very

different regulatory and policy environment which structurally favors oil and gas development

(Rahm, 2011). Conversely, the regulatory and policy environment in Texas is bureaucratically

fragmented, anti-regulatory in disposition, and legally and administratively structured to pro-

mote oil and gas extraction above other concerns (Rahm, 2011). DFW municipalities have been

attempting to adequately regulate shale gas activities since the early 2000s (Robbins and Barlas,

2004). Municipalities in DFW generally copy and mutate regulations from neighbor cities and

use these for legal justification (Fry et al., 2015a). Creating and revising drilling policies is also

characterized by anti-political practices, degrees of contestation to neoliberal governance, scalar

politics, and legal uncertainty (Fry et al., 2015a).

In Texas, mineral and surface estates are separate interests which may be severed and

transferred to different parties. Regardless of ownership, the mineral estate is dominant, mean-

ing that mineral owners can utilize as much of the surface property as is reasonably necessary

for development of their mineral interests (Fambrough, 2009). The potential for surface impacts

related to gas development opens the door for conflict between the estates, and complicates

land-use policy and planning. In rural areas, land is potentially removed from agricultural or

ranching uses, while home and property owners within urban environments face the potential
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of living in close proximity to drilling operations.

All oil and gas activities within Texas fall under the jurisdiction of the State government,

via the Railroad Commission of Texas (RRC). However, as oil and gas extraction operations

increasingly located within urban and suburban environments, Texas municipalities established

new ordinances in an attempt to mitigate a number of issues associated with the convergence of

incompatible land-uses (Fry, 2013). While the shale gas boom and much of the popular debate

surrounding fracking has garnered attention from government at every scale, authorities at the

municipal level are at the forefront of the debate. As Briggle (2013) notes, “at the local level, it

transforms from a matter of energy policy to a matter of land-use policy as it leaves the abstract

realm of commodity and enters the lived place of community.”

One method by which municipalities regulate drilling, is through setback distance or-

dinances and pad site technical standards. Fry (2013) discusses municipal setback ordinances

established to address some of the issues associated with urban shale gas development. Setback

distances are established distance-proximity regulations that prohibit and regulate the place-

ment of particular adjacent uses. Setback ordinances are traditionally established to mitigate

effects associated with proximity to contrasting land uses in the form of human and environ-

mental health, safety, noise, pollutants, and a myriad of other nuisance issues (Fry, 2013). These

regulations have the potential to influence future development patterns, as they codify which

areas can, and cannot be developed, especially around active/inactive gas well pads. As a result,

the impact of SGD on surface uses is not limited to the specific footprint of a pad site, but rather

extends around the surrounding area. For example, when a 600 foot setback is applied to a 1.4

acre (0.56 ha) production site, the impact is magnified to 30.8 acres (12.5 ha) (Figure 2.2)

With continued urban growth in North Texas, active and legacy gas drilling operations

remain amidst urban development. This mixing of seemingly contrasting land uses is unique,

and a growing body of research has focused on the analysis of North Texas urban shale gas

landscapes. Currently, there are over 4,000 gas wells, and the associated pad sites, located

within DFW. Aggregated, these occupy a large amount of land. Municipal stakeholders from

across the Metroplex have expressed their concern about the effect of drilling land consumption
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Figure 2.2. Gas Production Site and 600 foot Setback Distance. (Sakinejad, 2016).

might have on future development.

Using Q-methods, Brannstrom (2014) was able to organize municipal stakeholder per-

ceptions into three factors including those who view “gas drilling [as] an obstacle to urban de-

velopment,” those who think “gas drilling should be planned,” and those that place importance

on “balancing gas royalties and urban development.” The first two factors and the correspond-

ing stakeholder responses indicate concerns over proximity of residential development to gas

drilling, the potential for future land use impacts related to drilling; and the need for munici-

palities to balance regulations to allow gas drilling while protecting their surface development

interests.

Kuehn (2012) utilized interviews to gauge the perceptions of regulators and officials in

North Texas related to the site location, resource development, and remediation of gas well pads.

The interviews hint to the attitudes of planners towards the selection, reclamation and remedia-

tion of gas well sites. For example, when asked about the prospects of pad site reclamation, one
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respondent stated “as far as remediation for a pad site when it is done and completed, we don’t

have a lot of pad sites that have done that... and...there’s not really a lot of experience plugging

and abandoning wells and remediating pads (Kuehn, 2012, 52). Other respondents reinforced

the idea that the industry as a whole has relatively little experience with total site reclamation;

as one respondent stated, “I don’t think they are thinking that far ahead. They know they want

them to be reforested and restored, but I don’t know if they have properly taken into account

how that has to happen (Kuehn, 2012, 52).” Additionally, due to the uncertainties about the

future land uses that would be appropriate for remediated sites, a planner interviewed in the

study acknowledged that community members recognize “...the long term bigger picture items,

such as the availability of this land in the future to put something else that can be an economic

generator for the city (Kuehn, 2012, 49).” Stakeholders have expressed the need for planning

and municipal regulation in regards to urban gas drilling (Kuehn, 2012). Complimentary to

municipal regulations, are comprehensive plans. Comprehensive plans are basic frameworks

that are established to help guide a municipality’s future policies and development. Generally,

comprehensive plans are instituted with the goal of promoting health, public safety, circulation,

provision of public services, fiscal health, and economic and environmental goals (Levy, 2009).

Comprehensive plans are the main planning tool used by municipalities to establish and codify

specific long-term goals and strategies related to those general goals. As such, community issues

such as conflicts between gas drilling and surface land use, warrant a place in a community’s

comprehensive plan. These documents are incredibly important in determining directions a mu-

nicipality will take on a number of issues. The findings from Brannstrom and Kuehn illustrate

the need for further investigation into the lasting legacy of gas drilling on the urban landscape.
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CHAPTER 3

STUDY AREA, QUESTIONS, AND METHODS

3.1. Study Area

This research investigates the impact of shale gas development (SGD) on urban develop-

ment in Denton and Tarrant counties (Figure 3.1). Denton County is currently the ninth largest

county in Texas with 753,363 residents; and was ranked in the top 100 fastest growing counties

in the United States, growing 74 percent between 2000 and 2014 (from 432,976 to 753,363)

(Table 3.1). Within Denton County are several rapidly growing municipalities such as the City

of Denton, and portions of Lewisville, Corinth, Frisco, and Dallas. Denton County also hosts

significant SGD activity, with 3,031 active wells.

Tarrant County is the third most populous county in Texas, with 1,945,360 residents.

Tarrant grew 35 percent between 2000 and 2014 (2000: 1,446,219; 2014: 1,945,360). Within

Tarrant County are several large municipalities including Fort Worth, Arlington, North Richland

Hills, and Mansfield (Table 3.1). Tarrant also hosts significant SGD activity, with 4,374 wells. The

number of permitted and drilled gas wells in the study area has grown significantly since the

late 1990s and early 2000s; peaking in 2008, and declining from 2009 to 2013 (Figure 3.2).

The concentration of heavily populated municipalities and unconventional drilling make this

an ideal location to investigate the impact of unconventional hydrocarbon production on urban

development.

3.2. Research Questions

This study sets out to examine how shale gas development affects urban development

and landscapes by asking the following questions:

(1) What are the spatial characteristics of gas well production sites in DFW and how do

these sites vary across the region?

(2) How do gas well production sites affect urban growth and development?

(3) How are city governments and surface developers responding to gas well production
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Figure 3.1. Denton and Tarrant County, Texas (Mapbox, 2016)

sites, and what are the dominant themes of contestation arising around gas well pro-

duction sites and suburban growth?

3.3. Methods

Four methods guide this research. First, a production site analysis was used to identify

gas well production site characteristics, including the average area, average number of wells, and

the temporal characteristics of gas production sites within the study area. Second, a surface and
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Table 3.1. Municipal Populations, Denton and Tarrant County, Texas. (Texas

Association of Counties, 2015)

Denton County, Texas

Municipality Place Type 2000 Census 2014 Estimate 2000-2014 % Change

Denton City 80,537 128,205 47,668 59%

Lewisville (pt.) City 77,735 101,989 24,254 31%

Carrollton (pt.) City 59,754 75,426 15,672 26%

Flower Mound (pt.) Town 50,702 69,422 18,720 37%

Frisco (pt.) City 3,402 55,044 51,642 1,518%

The Colony City 26,531 41,352 14,821 56%

Little Elm City 3,646 35,414 31,768 871%

Dallas (pt.) City 22,273 28,686 6,413 29%

Corinth City 11,325 20,836 9,511 84%

Highland Village City 12,173 15,995 3,822 31%

Denton County (Total) — 397,136 670,455 273,319 69%

Tarrant County, Texas

Municipality Place Type 2000 Census 2014 Estimate 2000-2014 % Change

Fort Worth (pt.) City 534,650 803,674 269,024 50%

Arlington City 332,969 383,204 50,235 15%

North Richland Hills City 55,635 68,529 12,894 23%

Mansfield (pt.) City 27,280 60,389 33,109 121%

Grand Prairie (pt.) City 27,621 55,849 28,228 102%

Euless City 46,005 53,630 7,625 17%

Grapevine (pt.) City 42,057 50,844 8,787 21%

Bedford City 47,152 48,908 1,756 4%

Keller City 27,345 43,924 16,579 61%

Haltom City 39,018 43,913 4,895 13%

Tarrant County (Total) — 1,407,543 1,895,299 487,756 35%

*(Pt.) indicates that the municipality is partially located in the respective county.

population change analysis was used to analyze growth and land-use change in the study area.

Third, a landscape and land cover analysis was used to determine where gas well development

occurs and which land covers are affected by gas well production sites. Fourth, a meta-analysis

of municipal land use planning policies and gas well pad sites was conducted to understand

what municipalities are doing, policy wise, to mitigate conflicts between urban growth and

SGD. Fifth, key stakeholder interviews and transcripts from city council meetings were used to

gain insight into local policymaker and developer perceptions of gas well production sites and

urban growth and development in DFW.
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Figure 3.2. Denton and Tarrant County Permitted and Drilled Wells by Year

(Texas Railroad Commission, 2014)

3.3.1. Production Site Analysis

In order to determine the average area, number of wells, and the temporal characteristics

of gas production sites within the study area, a dataset of 1,131 gas well production site GIS

polygons was compiled. The production site boundary polygons were sourced in two ways;

first, through public information requests filed with study area municipalities that maintain

those datasets, and second, by manual digitization using NAIP 2014 imagery for the study

area. Additionally, gas well point locations were obtained from the Texas Railroad Commission.

Descriptive statistics were run on the gas well production site polygons to draw conclusions

about their typical characteristics. Further, the gas well points were spatially joined with the

gas well production site polygons to determine the number of gas wells on a typical production

site. The gas well point data were stratified by the date of drilling attributes, adding a temporal

dimension to the analysis of these characteristics. Derived data include: the average size of

production sites, the average number of gas wells on a site, and sizes of sites in reference to

the date in which its wells were drilled. Additionally, the amount of land consumed by gas well

production sites can be estimated using the following formula:

EstimatedProductionSiteArea =
W

wP

AP
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where W is Total Number of Gas Wells

wP = Average Number of Gas Wells per Production Site

AP = Average Production Site Area

3.3.2. Surface and Population Change Analysis

Census and gas well point data were spatially joined in ArcGIS 10.2 in order to create

a dataset to locate where population growth and SGD have been occurring. To characterize

population growth over time, census tract data were compiled from the decennial census years

2000 and 2010. Due to population growth, census tract areas were modified between the 2000

and 2010 censuses. Therefore, a dataset complete with the 2000 vintage attributes reconciled

to the 2010 tract geometries was obtained through the Brown University US 2010 Longitudinal

Tract Database (Logan et al., 2010). To update the dataset further, 5-year American Community

Survey (ACS) estimates were obtained from the U.S. Census Bureau for the year 2013 (most

current available) (U. S. Census Bureau, 2015). In whole, population data at the census tract

level for the years 2000 and 2013 were compiled in a format that allows for comparison.

3.3.3. Landscape/Land Cover Analysis

To characterize landscapes and land cover change, data from the U.S. Geological Survey’s

National Land Cover Dataset (NLCD) were compiled for the years 2001, 2006, and 2011 (Homer

et al., 2007; Fry et al., 2011; Homer et al., 2015). The NLCD is a comprehensive Landsat-derived

national land cover at 30-meter resolution; and is complete with 16 thematic classifications,

including four distinct urban, and various natural classes (Table 3.2). The classifications and

resolution are uniform throughout the series, and change indexes for 2001-2006, 2006-2011, and

2001-2011 are pre-calculated. This dataset will allow for the analysis of the relationship between

production sites and land use/land cover. In order to determine which parts of the study area

have experienced the most surface development, the areas that experienced land cover change

into urban uses are highlighted. Combined, the land cover change and census data indicate

which areas experienced the most growth in terms of population and development.

In conjunction with the NLCD dataset, the relationship between production sites and
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Table 3.2. NLCD Land Cover Classification Classes, 2011
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different land uses and land cover can be analyzed. In order to categorize land use around

production sites, a series of buffers were constructed. Buffers of 600 feet were utilized as it is a

common setback distance used by DFW municipalities (Fry, 2013). Within these buffers, zonal

statistics were run in order to determine the dominant surrounding land use. This allows for

a better understanding of the landscapes in which these production sites exist, and to further

analyze the relationship between gas production and surface development. Using temporal data

obtained through the production site analysis, production sites were stratified in three cate-

gories, sites established between 1998 to 2001, 1998 to 2006, and 1998 to 2013. Zonal statistics

will be run one each temporal category with its corresponding NLCD vintage (production sites

established 1998 through 2001 will be analyzed using land cover data from 2001). This pro-

cedure will allow for analysis of the temporal progression of land cover change as it relates to

SGD across the study area.

3.3.4. Municipal Ordinance and Plan Analysis

In order to investigate gas drilling and land use related planning methods/regulations

used in DFW municipalities, this section will consist of a meta-analysis of oil and gas drilling

ordinances, and comprehensive plans. The analysis will focus on study area municipalities

with drilling activity, and how those jurisdictions regulate subsequent surface development via

reverse setback distances, and their long range planning efforts. The regulatory and planning

framework for each municipality dictates development outcomes; as such, understanding how

municipalities respond to the convergence of SGD and urban growth within their regulatory

power, will help better understand the impact of SGD on surface development. This analysis

will include 48 cities located within the Denton and Tarrant County study area.

3.3.5. Stakeholder Responses and Perceptions

Interviews with local stakeholders, including government officials and planners were

conducted to understand mitigation practices, planning ideas, and to gauge the outlook and

perceptions of future land use in DFW. City officials were contacted via email. Of the 14 plan-

ners/officials contacted, five responded (23 percent response rate). Of these five, four were
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planning and development professionals, and one was an emergency management professional.

The respondents were interviewed using a set pre-formulated open-ended questions. The re-

sponses were used to understand the perspective of municipal stakeholders. This component of

the study was approved by the University of North Texas’ Institutional Review Board.

To understand the perspectives of developers, land owners, and oil and gas represen-

tatives, two city council meetings from the City of Denton (Denton County) were transcribed.

The two council meetings took place on 28 July 2015 and 4 August 2015, and featured public

hearings which captured the testimony of five developers/real estate professionals, five oil and

gas representatives, five residents/land owners, one city staff member, and one elected official.

The meetings are relevant to this study because the focus was on reverse setback distances

and homeowner notification about gas well production sites. Transcripts were analyzed and

coded into categories representing dominant themes and narratives. The city council meet-

ings illustrate how developers perceive gas well production sites and reverse setback distance

policies.

3.3.6. Data Issues

There are several unavoidable issues with the data used in this study. First, in the LCA

and SPCA components, the geospatial data are inherently flawed. For example, the gas well

point locations obtained from the Texas Railroad Commission are relatively inaccurate, with

points located varying distances away from the actual well locations. In many cases, the gas

well points often do not fall within identified pad sites (Figure 3.3). However, there were no

quantifiable biases in the accuracy of point locations, suggesting that errors are distributed

evenly across the data.

Second, The gas well production site boundary polygons were sourced in two ways;

first, through public information requests filed with municipalities that maintain those data,

and second, by manual digitization using NAIP 2014 imagery for the study area. Because

the boundary polygons can vary depending on an individual municipality’s definition of a

production site, or the specific analyst’s digitizing methods, and because my interpretation of

what is, and what is not a production site is therefore a possible source of error (Figure 3.4).
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Figure 3.3. Example of Gas Well Point Location Error

Third, NLCD data is relatively coarse with a fixed resolution of 30 by 30 meters. De-

pending on the size of a production site or other ground features, the resolution of the land

cover dataset might be too coarse to capture many relevant details to be represented (Figure

3.5). According to the USGS, the NLCD data is best suited for regional, large scale analyses due

in part to resolution limitations. As such, the analysis in this study reflects those limitations, by

limiting the amount of production site specific analysis undertaken.
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Figure 3.4. Example of Production Site Demarcation Errors
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Figure 3.5. Aerial Photography and NLCD (2011) Land Cover Classification Com-

parison, illustrating issues with raster pixel resolution (Homer et al., 2015).
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CHAPTER 4

RESULTS

4.1. Production Site Analysis

From 1998 to 2013, Gas production sites (n=1,131) in the two county study area have an

average size of 2.6 acres (1.06 ha), with 95 percent certainty between 2.5 and 2.7 acres (1.03 and

1.10 ha) (Table 4.1). In total, the 1,131 identified production sites consume approximately 2,966

acres (1,200.3 ha) within the study area. Of the 7,405 gas wells reported to be in the study

area by the Texas Railroad Commission, 4,191 are located within municipal boundaries, and

3,459 (46.7 percent) were located within the production sites identified by this study. Further

analysis indicates an average of 3.06 wells located on each individual production site in the

study area, with 95 percent certainty between 2.98 and 3.12 wells (Table 4.2). Using the total

number of permitted and drilled wells (n = 7,405), and the average number of wells per pad (3.06

wells/pad) in Denton and Tarrant counties, it is estimated that between 6,122.43 and 6,558.02

acres (2,477.66 and 2,653.94 ha) are consumed by gas well production sites in the area (Table

4.3). At the municipal level, estimates range from 1,586 acres (641.99 ha) in Fort Worth, to zero

acres in some municipalities (Table 4.4). The consumption of land by gas production sites as

a percentage of total municipal surface area also varies, with the highest projections in smaller

municipalities such as Ponder (2.19 percent of total area), and Haslet (1.91 percent). Smaller

cities such as Haslet and Ponder have higher percentages of production site land relative to

their overall surface area. (Figure 4.1).

Additionally, it is important to note that the impact of sites is not isolated to the pads

themselves. Depending on the municipality, setback regulations regulate land uses surrounding

gas development activities. Setbacks are designed to provide buffers between incompatible land

uses, in turn, removing a significant amount of land from development. For example, a 200

foot setback around the average 2.6 acre (1.05 ha) pad site would remove about 12 acres from

development (See: Figure 2.2). If you factor in setbacks, land consumptions estimates rise

significantly (Table 4.5, Figure 4.2)
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Figure 4.1. Total Municipal Surface Area vs. Percentage of Production Site Area
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Figure 4.2. Production Site Disturbance and Reverse Setback Impacts

34



Table 4.1. Gas Production Site Area Statistics

Gas Production Sites (Area) ac m2 ha

Average 2.62 10602.77 1.06

Minimum 0.18 732.87 0.07

Maximum 15.43 62423.97 6.24

Standard Deviation 1.52 6147.79 0.61

Confidence Interval (95%) 0.09 358.29 0.04

Table 4.2. Gas Production Site Well Statistics

Gas Production Sites (Wells) Wells

Average 3.06

Minimum 0

Maximum 19

Standard Deviation 3.14

Confidence Interval (95%) 0.07

Sum 3459

Table 4.3. Production Site Area Estimations: High, Low, and Average Ranges

The analysis of production sites and wells indicates slight variation in site area based on

the date of initial drilling activity. The earliest production sites (established between 1998 and

2005), have an average area of 1.9 acres (0.76 ha). Those established between 2006 and 2013,

are larger, with an average site area of 3.0 acres (1.21 ha) (Table 4.6; Figure 4.3). Over the same
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Table 4.4. Gas Production Site Land Consumption Estimations by Study Area Municipality

Name No. of Wells Est. No. of Sites Prod. Site Area % of Total Surface

ac (ha)

Fort Worth 1845 604.92 1586.4 (641.9) 0.71 %

Arlington 299 98.03 257.1 (104.0) 0.40 %

Pecan Acres 257 84.26 220.9 (89.4) 1.66 %

Denton 230 75.41 197.7 (80.0) 0.33 %

Rendon 225 73.77 193.5 (78.3) 1.22 %

Mansfield 128 41.97 110.1 (44.5) 0.47 %

Haslet 118 38.69 101.5 (41.1) 1.91 %

Northlake 115 37.70 98.8 (40.0) 0.91 %

Grapevine 104 34.10 89.4 (36.2) 0.39 %

Crowley 75 24.59 64.5 (26.1) 1.39 %

Grand Prairie 71 23.28 61.0 (24.7) 0.12 %

Flower Mound 69 22.62 59.3 (24.0) 0.21 %

Haltom City 66 21.64 56.7 (22.9) 0.72 %

Briar 62 20.33 53.3 (21.5) 0.38 %

N. Richland Hills 54 17.70 46.4 (18.8) 0.40 %

Ponder 52 17.05 44.7 (18.1) 2.19 %

Kennedale 50 16.39 42.9 (17.4) 1.01 %

Benbrook 49 16.07 42.1 (17.1) 0.54 %

Euless 25 8.20 21.5 (8.7) 0.21 %

Argyle 24 7.87 20.6 (8.6) 0.28 %

Azle 24 7.87 20.6 (8.4) 0.36 %

Bartonville 23 7.54 19.7 (8.0) 0.47 %

Lewisville 21 6.89 18.1 (7.3) 0.07 %

DISH 19 6.23 16.3 (6.6) 1.57 %

Copper Canyon 18 5.90 15.4 (6.3) 0.53 %

Trophy Club 17 5.57 14.6 (5.9) 0.57 %

Keller 13 4.26 11.2 (4.5) 0.09 %

White Settlement 13 4.26 11.2 (4.5) 0.35 %

Forest Hill 13 4.26 11.2 (4.5) 0.41 %

Krum 13 4.26 11.2 (4.5) 0.71 %

Burleson 12 3.93 10.3 (4.2) 0.06 %

Westworth Village 12 3.93 10.3 (4.2) 0.77 %

Everman 8 2.62 6.8 (2.8) 0.60 %

Roanoke 7 2.30 6.0 (2.4) 0.14 %

Pantego 7 2.30 6.0 (2.4) 0.97 %

Colleyville 6 1.97 5.2 (2.1) 0.06 %

Hurst 6 1.97 5.2 (2.1) 0.08 %

Dalwor. Gardens 6 1.97 5.2 (2.1) 0.45 %

Saginaw 5 1.64 4.3 (1.7) 0.09 %

Hickory Creek 5 1.64 4.3 (1.7) 0.15 %

Lantana 5 1.64 4.3 (1.7) 0.28 %

Edgecliff Village 5 1.64 4.3 (1.7) 0.55 %

Lakeside 3 0.98 2.5 (1.0) 0.26 %

Corinth 2 0.66 1.7 (0.7) 0.03 %

Justin 2 0.66 1.7 (0.7) 0.11 %

Sansom Park 2 0.66 1.7 (0.7) 0.22 %

Pelican Bay 2 0.66 1.7 (0.7) 0.40 %

Westlake 1 0.33 0.8 (0.3) 0.02 %

Lake Worth 1 0.33 0.8 (0.3) 0.05 %

Double Oak 1 0.33 0.8 (0.3) 0.05 %

Corral City 1 0.33 0.8 (0.3) 0.88 %

Total 4191 1374.10 3603.5 (1458.3) 0.28 %
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Table 4.5. Gas Production Site Land Consumption Estimations With Setbacks by

Study Area Municipality

Name Est. No. of Sites Production Site Area: ac (ha) Site Disturbance 100 ft 200 ft 300 ft 350 ft

Ponder 17.05 44.7 (18.1) 2.19% 5.37% 9.76% 15.35% 18.59%

Haslet 38.69 101.5 (41.1) 1.91% 4.68% 8.51% 13.39% 16.22%

Pecan Acres 84.26 220.9 (89.4) 1.66% 4.07% 7.40% 11.63% 14.09%

DISH 6.23 16.3 (6.6) 1.57% 3.85% 7.00% 11.01% 13.34%

Crowley 24.59 64.5 (26.1) 1.39% 3.41% 6.19% 9.74% 11.79%

Rendon 73.77 193.5 (78.3) 1.22% 3.01% 5.46% 8.59% 10.40%

Kennedale 16.39 42.9 (17.4) 1.01% 2.49% 4.53% 7.12% 8.63%

Pantego 2.3 6.0 (2.4) 0.97% 2.38% 4.33% 6.81% 8.25%

Northlake 37.7 98.8 (40.0) 0.91% 2.24% 4.06% 6.39% 7.74%

Corral City 0.33 0.8 (0.3) 0.88% 2.15% 3.91% 6.15% 7.45%

Study Area 1374 3603.5 (1458.3) 0.28% 0.70% 1.27% 1.99% 2.41%

Figure 4.3. Production Site Area by Year of Initial Drilling Activity

time period, the average number of gas wells on each site increased from 2.7 wells between 1998

and 2005, to 4.2 wells between 2006 and 2013 (Table 4.6; Figure 4.4).

4.2. Surface and Population Change Analysis

Analysis of census and gas well location data illustrates the convergence of gas devel-

opment activity with surface development and population growth. Many of the areas with the

highest rates of population growth between 2000 and 2013 also have the highest number of gas

wells. Three of the census tracts that hosted the top 60 percent of all population growth within
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Table 4.6. Average Production Site Size and Well Count

Year (SPUD)* Acreage Avg. No. of Wells Pad Count No. of Wells Drilled**

2013 4.06 1.80 5 9

2012 3.24 2.41 22 53

2011 3.68 3.23 39 126

2010 3.38 4.55 88 400

2009 3.30 5.05 99 500

2008 3.18 3.91 148 579

2007 2.61 4.67 138 644

2006 2.31 3.53 97 342

2005 2.10 3.22 89 287

2004 1.88 2.69 42 113

2003 1.78 2.61 66 172

2002 1.84 2.40 60 144

2001 2.02 2.03 31 63

2000 1.53 2.20 5 11

1999 1.02 5.00 1 5

1998 2.15 5.50 2 11

No Date 2.42 – 199 –

*Estimated year of production site establishment based on the date of the first ’spudded’ well on

premises. **Number of wells that are located on all production sites with the same SPUD year.

Figure 4.4. Number of Wells per Production Site by Year of Initial Drilling Activity
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the study area also ranked in the top 60 percent of gas well locations (Figure 4.5). These areas of

overlap contain some of the fastest growing areas in DFW, including the northern extent of Fort

Worth, Alliance–a 17,000 acre (6,879.6 ha) master planned community which covers portions of

Fort Worth, Haslet, Northlake, Westlake, and Roanoke with more than 7,000 residences, and an

estimated 400 corporate residents (Hillwood, 2012)–Texas Motor Speedway, and the Interstate

35W corridor towards Denton. From 2001 to 2011, Tarrant County gained 42,643 acres (17,257

ha) (7.0 percent of total area) in developed land cover (low, medium, high intensity developed

classifications, and barren land); while Denton County gained 26,113 acres (10,567 ha) (3.99 per-

cent of total area) (Figure 4.5; 4.6). Due in part to the availability of land and proximity to the

rest of DFW, this region is under tremendous growth pressure; further complicating the issue of

conflicts between SGD and surface development.

4.3. Landscape and Land Cover Analysis

From 1998 to 2011, gas production sites have become increasingly located near urban

development. Production sites established between 1998 and 2001 were located mostly in rural

areas, as they were surrounded primarily by herbaceous and planted/cultivated land cover. By

2006, this trend continued, however, sites located near developed land cover emerged. With the

most current land cover data (2011) and the entire production site dataset, it was determined that

gas production sites are most often located in areas surrounded by herbaceous land cover types,

with 22,846 acres (9,243 ha) within 600 feet of a production site. Developed land classifications

are the second most prevalent land cover type, with 11,782 acres (4,768 ha) within 600 feet of a

production site (Table 4.7; Figure 4.7). The 2011 series encapsulates the results of the 2007-2008

gas drilling boom, and illustrates that gas production sites have been increasingly located within

developed landscapes.

4.4. Municipal Ordinance and Plan Analysis

Of the 48 cities and towns in the study area, only eight municipalities have explicit

reverse setback requirements (Table 4.8; 4.9). These distances range from 350 feet (106.68 m)

in Roanoke (Denton), to 150 feet (45.72 m) in Saginaw and Euless (Tarrant). However, de facto
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Figure 4.5. Population Change (2000-2013), Urban Land Cover Change (2001-

2011), Gas Well Count, and Estimated Production Site Area
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Figure 4.6. Urban Land Cover Change, 2001-2011 (Homer et al., 2015)
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Table 4.7. Land Cover Types Surrounding Gas Production Sites: 2001, 2006, 2011

Year Land Cover Classification Acres Hectares

2001 Herbaceous 1,621.7 656.28

– Planted/Cultivated 39.59 16.02

2006 Herbaceous 16,387.03 6,631.60

– Planted/Cultivated 200.16 81.00

– Developed 96.52 39.06

2011 Herbaceous 22,840 9,243.03

– Developed 11,782.4 4,768.17

– Planted/Cultivated 69,51 2,812.97

– Forest 3,892 1,575.04

600 ft (182.8 m) buffers constructed around production sites. The 2001

dataset includes sites established between 1998 to 2001; 2006 includes

sites from 1998 to 2006; and 2011 includes sites from 1998 to 2011.

reverse setbacks based on fire codes or building standards were not examined. For example,

Lewisville mandates that well heads be located farther than 25 feet (7.62 m) from an outer lot

line, while Corinth mandates a 200 foot (60.96 m) distance between a well and any recorded

property, lot or tract line. Similar differences in the inclusion of tank batteries, well equipment,

or the production site boundaries in reverse setback requirements further illustrates the difficulty

of determining a uniform definition of de facto reverse setback distances. Moreover, only five

of the 48 municipalities have comprehensive plans that address future impacts associated with

gas drilling and community development (Table 4.8; 4.9), including Fort Worth, Kennedale,

Mansfield, Denton, and Northlake.

4.5. Stakeholder Response and Perception Analysis

Interview responses and city council testimony illustrate some of the dominant narratives

used by different stakeholders to address commingling of productions sites and suburban devel-

opment. Themes include: treating SGD as an inconsequential reality of regional development;

deferring action to the idea of the economic rationality of potential homebuyers; establish-

ment of reverse setback regulations; establishment of extra-legal surface use agreements; and
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Figure 4.7. Production Site Location Area Land Cover: 2001, 2006, 2011

inclusion of SGD into municipal comprehensive plans.

43



Table 4.8. Setbacks, Reverse Setbacks, and Comprehensive Plans by Municipality

in Tarrant County (as of February 2015)

Municipality SGD & Plan Ord. Year
Setback Reverse Setback

ft. m. ft. m.

Arlington N 2011 600 182.8 – –

Bedford N 2008 600 182.8 – –

Benbrook N 2011 600 182.8 – –

Colleyville N 2012 1000 304.8 300 91.4

Crowley N 2006 300 91.4 – –

Dalworth. Gardens N 2006 600 182.8 200 60.96

Euless N 2009 600 182.8 150 45.72

Fort Worth Y 2013 600 182.8 – –

Grapevine N 2012 1000 304.8 – –

Halthom City N 2011 300 91.4 – –

Haslet N 2004 600 182.8 – –

Hurst N 2011 600 182.8 – –

Keller N 2014 600 182.8 – –

Kennedale Y 2011 600 182.8 – –

Lake Worth N 2016 600 182.8 – –

Lakeside N 2011 600 182.8 – –

Hurst N 2011 600 182.8 – –

Lakeside N 2011 600 182.8 – –

Mansfield N 2015 600 182.8 – –

Newark N 2001 600 182.8 – –

N. Richland Hills N n.d. 600 182.8 – –

Pantego N 2007 600 182.88 – –

River Oaks N n.d. 600 182.88 – –

Saginaw N 2007 700 213.36 150 45.72

Southlake N 2011 1000 304.8 – –

Watauga N 2010 600 182.88 – –

Westworth Village N 2007 600 182.88 – –

White Settlement N 2014 600 182.88 – –
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Table 4.9. Setbacks, Reverse Setbacks, and Comprehensive Plans by Municipality

in Denton County (as of February 2015)

Municipality SGD & Plan Ord. Year
Setback Reverse Setback

ft. m. ft. m.

Argyle N 2011 800 243.84 – –

Bartonville N 2011 600 182.88 – –

Carrollton* – 600 182.88 – – –

Coppell N 2013 1000 304.8 – –

Copper Canyon N 2008 1000 304.8 – –

Corinth N 2010 1000 304.8 – –

Denton Y 2015 1000 304.8 250 76.2

DISH N 2006 1000 304.8 – –

Double Oak N 2005 500 152.4 – –

Flower Mound N 2011 1500 457.2 – –

Hickory Creek N 1999 1000 304.8 – –

Highland Village* – n.d. 1000 304.8 – –

Justin N 2010 600 182.88 – –

Krum N 1998 300 91.44 – –

Lewisville N 2011 500 152.4 – –

Northlake Y 2013 600 182.88 300 91.44

Ponder N 2003 300 91.44 – –

Roanoke N 2005 1000 304.8 350 106.68

Sanger N 2010 1000 304.8 – –

Shady Shores* – n.d. 1000 304.8 – –

Trophy Club N 2010 1000 304.8 200 60.96

Westlake N 2009 1000 304.8 – –

* Denotes municipality with gas ordinance missing from online records
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CHAPTER 5

DISCUSSION

5.1. Gas Production Site Characteristics, Land Use, and Land Cover

The rapid growth and urbanization of DFW can be understood in terms of teleconnections–

discrete social, economic, and political factors which drive land-use change across a connected

urban land system (Lambin et al., 2001; Seto et al., 2012). Economic restructuring across the

United States fueled the type of urbanization seen in in Sunbelt cities like Dallas and Fort Worth

(Suarez-Villa, 2002; Storper and Scott, 2009); while concurrent shifts in energy markets, and

advances in drilling and extraction technologies made shale gas an economically viable source

for natural gas. The combination of social, political, and economic forces, as well as the ma-

teriality of the Barnett Shale, set the course for the convergence of suburban development and

hydrocarbon extraction activities. Since 2001, 68,756 acres (27,824 ha) of Tarrant and Denton

counties were converted to urban/developed land cover; and approximately 7,405 wells were

drilled on 6,500 acres (2,565.8 ha) of production site land area.

While 50 percent of land cover surrounding gas production sites in the study region is

classified as herbaceous–indicating that most drilling operations are located in rural areas–25

percent are surrounded by developed land cover, and since drilling started in the region, this

figure has only increased. Previous research has indicated that SGD is primarily a rural activity,

with studies in the Barnett and Marcellus Shale regions indicating as such. However, those

research areas are unique in that they are isolated from urban centers, and the intensity of

drilling activity is much less severe. For example, Slonecker et al. (2012) focused on sparsely

populated (comparative to DFW) Bradford and Washington counties, Pennsylvania finding as

such. Studying across Pennsylvania, Drohan et al. (2012) found that full development of all

permitted gas wells would result in 3,364 wells drilled, and 2,915-4,858 acres (1,180-1,966 ha)

converted into SGD use. Conversely, this study estimates that there are about 6,500 acres

(2,630 ha) utilized by SGD in Denton and Tarrant County, alone. Previous research has failed

to adequately capture the realities of the character, scale, intensity, and scope of drilling present
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in DFW. As regional urbanization trends continue into the future, these findings suggest that

surface development will continue to come into contact with preexisting drilling sites.

The footprint of shale gas drilling across DFW and the Barnett is both acute and dis-

persed. On a regional level, land consumption via drilling sites represent a relatively small

amount of land–about 0.28 percent of the total surface area. At the municipal or site level,

however, land impacts were more pronounced, though variable. Some municipalities, like Fort

Worth, contain upwards of 1000 acres (404 ha) of production sites; while others, like Ponder,

DISH, and Crowley, have high percentages of gas production sites relative to their total surface

areas. Although the aggregate amount of land converted to production sites is proportionally

small, municipal and site specific impacts can be more pronounced. Additionally, it is important

to note that the impact of sites is not isolated to the pads themselves. Depending on the munic-

ipality, setback regulations regulate land uses surrounding gas development activities. Setbacks

are designed to provide buffers between incompatible land uses, in turn, removing a significant

amount of land from development. For example, a 200 foot setback around the average 2.6 acre

(1.05 ha) pad site would remove about 12 acres from development (See: Figure 2.2). Due to the

fact that mineral and surface owners are not always the same parties, and municipal regulations

dictate surface uses, actions taken by the mineral estate might have significant implications to

those with surface interests.

Within DFW’s urban-rural landscape, exist parallel pressures for continued suburban

development and shale gas production. These competing interests often have different objec-

tives: oil and gas companies are motivated by profit maximization and the minimization of

extraction costs, city planners are concerned about managing urban development, while other

stakeholders prioritize real estate development and surface uses. Respondent C pointed to the

importance of hydrocarbons to the state’s identity and economy: “Texas really prides itself on

the natural resources that is has. The extraction of those resources is pretty key to this state.”

But the competing interests couldn’t be ignored by Respondent A, “we understand that there

is a need to develop these mineral resources... but, we also need to allow the surface to be

developed responsibly as well.” At the root of this debate, is the separation of surface and
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mineral estates, which underlies most conflicts associated with urban drilling (Fry et al., 2015a).

The separate estate issue was summed up by Lee Ramsey, a real estate developer:

“There’s one really important thing that I don’t want [you] to forget... The guys

who don’t own the minerals, and maybe the land has been in their family for

years and years; and they’re paying taxes on the surface rights; and they’re

maintaining those surface rights. They’re doing all the things they’re supposed

to do, but a [gas] well or a lease was drilled, or a lease was signed before

the surface right owner got possession of the land. Those guys are in a real

predicament... I think those guys have as much right to use their surfaces as

they want.”

AC Adam–a local Realtor–spoke to this issue by stating:

“We have a contract of sale on that property that, we believe, will benefit the

city in terms of growth, development, tax base, and everything else. I think it’s

representative of other pieces of property within the City of Denton; owned by

people, who should have the right to sell or develop their properties without

infringement from well operators who happen to be nearby.”

As these quotes illustrate, mineral owner rights versus surface property owner rights

are often at odds. As such, when suburban development encroaches on preexisting SGD, local

communities and municipal governments are presented with a new and unique set of challenges.

This is reflected in a statement by Respondent A, a planner in a small yet rapidly developing

fringe municipality, “almost all of our [wells] were drilled pretty well far from other existing

development, because most of the town is undeveloped; now were dealing with development

coming around existing pad sites.”

5.2. Stakeholder Discourse and Responses to the Impacts of Shale Gas Development

How local stakeholders, including municipal governments, real estate developers, and

gas well operators, handle the colocation of suburbs and gas production sites varies. Interview

participants and public comments made by stakeholders reveal at least five methods of govern-
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ing subsequent development. Governance involves state-centric forms of social, economic, and

resource regulation (i.e. government); multi-site, multi-scale networked interactions among state

and non-state institutions and actors; or is embodied by neoliberal governance policy (Himley,

2008). To address the convergence of homes and pad sites, both forms are used. For the latter,

stakeholders discursively frame the convergence of development as a non-issue, or one that can

be managed via the market.

Whereas setback distances were a response to drilling coming into suburbs (Fry, 2013),

reverse setback policies regulate how close new homes can be built from preexisting gas wells.

In January 2016, eight of 48 cities with drilling ordinances in Tarrant and Denton counties

had reverse setback distance regulations that they used to govern the commingling of suburbs

and gas production sites. Unlike setback distances that are highly contested by gas firms and

other industry spokespersons (Fry et al., 2015a), reverse setback regulations have drawn the ire

of developers and some surface property owners, and are less of an issue for industry. This

was apparent during the 28 July 2015 and 4 August 2015 Denton City Council meetings when

several DFW developers argued against lengthening reverse setbacks. For example, Lee Ramsey,

a local developer, delivers the archetypal developer response:

“I just want to make sure that we remember the surface rights guys, who, once

you draw these setbacks around their property–even it’s on the property next to

them–they end up taking in part of their property.”

One strategy used by developers in their three-minute speeches to the city council was to

argue that individual freedom, personal choice, and responsibility would be negatively affected

by reverse setbacks. With this discourse, ‘markets’ and ‘rational actors’ are regarded as the best

way to regulate development around gas well production sites. For example, Dalton Allen, a

local property owner, regards homebuyers as rational actors, who are able to choose whether or

not to live near gas production sites:

“I’m quite capable as an individual, if I want to build a house, or if I want to

buy a house that’s existing in a location, to determine if I want to be there, or if

I don’t if a well is close by.”
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Further to that point, Chance Wilson–field representative for Devon Energy–argues:

“A property owner [that] bought [a] lot or house, should have been educated

enough that they didn’t own the minerals, and there was an existing gas lease

on the property. So in essence, they bought it knowing that that [drilling in their

proximity] was a possibility in the future.”

Framing home buyers as rational actors was common among presenters at the 2015

Denton City Council Meeting and among planners interviewed for this study. However, Fry

et al. (2015b) show that notification about the presence of drill pads is often insufficient and that

it is not possible to access all the necessary information needed to adequately asses the risks

associated with hydraulic fracturing. Moreover, their study suggests that not all homebuyers

have the ability to pull out of lease agreements even if they decided they no longer wanted

to live near a pad site (Fry et al., 2015b). Lee Ramsey–a developer–acknowledged this when

he told the Denton City Council “...I believe that notification is very important. Educating the

customer. If they choose to live in these regions, as long as their notified, they’re allowed to

do that.” Therefore, market mechanisms and rational actor governance strategies rely on an

assumption of sufficient notification. Yet Fry et al. (2015b) shows that notification is woefully

inadequate.

Another framing strategy by developers is that the full development of all land is an

imperative for municipalities, which attempts to elevate growth and development above all

other (Brenner and Theodore, 2005; Sager, 2011). Criss Rossburn–a developer–argued that:

“By taking those tracts [impacted by reverse setbacks] and reducing them to

minimal value, it’s going to take those dollars off the tax rolls. Those property

owners are not going to be happy, and they’re going to be looking to gather

together, file suit, and the city is going to have to defend [their actions].”

As Respondent B notes, development is a function of economic viability:

It’s challenging [with oil and gas development]. With any development project...

[Developers are] going to do [their] market analysis... [And that] is going to tell

me whether or not the market can handle that type of development... [and will
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determine] if this is going to be a project that is going to make them the amount

of money that they think it is they need to make to do the project.

This discursive strategy reduces drilling to an inconvenience that developers must work

around, not unlike topography, a stream, or unfavorable soils. As Respondent B notes, the

presence of production sites and infrastructure on a parcel is just another factor to be considered

in the development process:

“The well sites are something that they have to account for. It’s the same as ‘do

I have a wetland?’ ‘Do I have a spring fed pond?’ ‘Do I have a forested area?’

‘Do I have a small creek, river, or drainage ditch in the middle of the property?’

A well site is not really any different than that.”

In a similar vein, Respondent A sees little effect from gas well production sites:

“[SGD has] added some obstacles. It’s not going to stop [growth]. It’s made

it a little bit more difficult in areas... we’ve found ways to work around it. So

ultimately I don’t think it’s going to have that much effect on it.”

Briggle (2013) notes, “at the local level, it transforms from a matter of energy policy

to a matter of land-use policy as it leaves the abstract realm of commodity and enters the

lived place of community.” But community has different meanings for different people. For

example, developers see surface development as a key component of community welfare. For

example, Chris Rossburn, a developer, stated that “I’m in favor of the minimal setbacks that you

could possibly have so that we can have more commercial development of vacant land tracts

within the city...” The fact that only eight of 48 cities in the study area have specific reverse

setback provisions indicates that development around preexisting gas production sites is mostly

unregulated. Regardless, respondents and previous research indicate that competing interests

in SGD and surface development have led to conflict, and that there are steps that can be taken

to mitigate and prepare for them (Kuehn, 2012; Brannstrom, 2014).

Extralegal surface use agreements–binding agreements between surface developers, oil

and gas operators, and property owners–are another strategy used to address the commingling
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of homes and gas well production sites. Respondent C, a city planner, noted that conflicts are

best mitigated when terms are clearly defined through use agreements before drilling begins:

“All of those details are worked out before it even comes to the policy makers or

the city. Or before any application is submitted. Most of the time that is going

to set the terms. Whatever you and I can agree to. If you’re drilling the well and

I own the property, we’re going to agree to the terms are suitable to both of us.”

Respondent C continues by saying “a lot of the conflicts, if anyone saying there are

conflicts, between a developer wanting to come in and a gas well operator saying you can’t,

most of the time the surface use agreement would address that.” According to another planner,

Respondent A, “if there is any major conflict, it’s usually between them [surface and mineral

owner]. We’re not as involved... But that’s why we like to get them together.” The benefits of

coming together with operators also was noted by Lee Ramsey, a Denton-based developer:

“I’ve met with a lot of the [oil and gas companies] on different projects, the more

proactive we are in working with those guys, the better solutions that we can

come up with. We’ve dealt with many of these in many different developments.”

“Figuring out where their wells are drilled on that site, condensing them to

more than one pad site...Which helps [create] more developable surface land,

and that’s really the ultimate goal of developers. Let’s get some setbacks, but

let’s get some usable land space back. I think that’s one of the biggest things to

overcome.”

Some DFW municipal governments also address commingling in their comprehensive

plans. Comprehensive plans establish and codify specific long-term goals and implementation

strategies. Denton’s Comprehensive Plan–Denton 2030–for example, lists “the influence of gas

wells” as one of the city’s major challenges and opportunities (3). As such, the city wants to

develop an “Energy Exploration Master Plan to establish a long-term vision for energy explo-

ration in Denton that guides siting [and] permitting...” of energy infrastructure (47). The city’s

comprehensive plan also states that “in our rural fringe areas of the city and the Extraterritorial

Jurisdiction (ETJ) we see... potential safety and compatibility impacts presented by hazardous
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activities, such as gas well drilling and production (City of Denton, 2015, 15).”

In Mansfield’s master land-use plan, officials outline the current status of drilling in the

city, as well as a number of goals and strategies related to the challenges presented by drilling in

a community environment (City of Mansfield, 2012). One particular goal touched on in the plan

includes, “[limiting] the impact of facilities needed for natural resource extraction operations

on vacant property and adjacent existing surface uses.” In order to do this, the plan calls for

the “sharing of [drilling] facilities...to eliminate unnecessary duplication, to minimize the total

amount of surface area needed and to avoid the creation of unusable parcels of land (47).”

Additionally, the plan outlines another strategy to “ensure that drilling and production facilities

are situated so as not to negatively impact future planned land uses, roadways, pathways,

sidewalks, open space areas and parks (47).” As it pertains to the reclamation and redevelopment

of drilling sites, the plan sets out a goal of “[reclaiming] abandoned sites in a manner that leaves

the property developable (47).”

Comprehensive plans fit with how city planners envision urban growth. For example,

Kuehn (2012) found that municipal stakeholders were concerned with “...the long term bigger

picture items, such as the availability of this land in the future to put something else that can be

an economic generator for the city” (49); and Brannstrom (2014) found that municipal planners

view shale gas development as an activity that should be planned. It is clear that the role

of planning and forward thinking in the development process is essential to the mitigation of

conflicts and optimization of land use. The use of comprehensive plans is one way cities try to

mitigate land use issues that might arise form commingling of suburbs and pad sites.

Denton and Mansfield are unique in that they have both heavily developed urban areas,

and undeveloped rural areas within their jurisdictions. However, Northlake, for example, is a

primarily undeveloped municipality. Although the current impact from gas drilling is negligible,

with nearly 100 acres of pad sites, the Town dedicates an entire section in their comprehensive

plan to strategies to mitigate potential impacts of gas and oil development on surface uses (Town

of Northlake, 2009). The plan plainly states, “oil and gas wells affect the ability to develop land

within Northlake (16).” According to the plan, if the current mandatory setback of 600 feet were
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also applied to new, subsequent development, 37.3 percent of the town would be undevelopable.

With that rationalization, the town has implemented measures within this plan to combat any

negative externalities associated with resource development. To that end, the plan lays out

policies and actions that the Town should adopt in support of the goal of accommodating both

mineral and surface development. The set of policies and supporting actions includes:

“[Developing] a set of locational standards for well sites and pipelines and other

supporting infrastructure;” “[locating] pipelines along existing and future rights-

of-way or major property boundaries to minimize the potential impacts;” “[en-

couraging] property owners and industry representatives and other stakeholders

to work together to minimize the impact of gas and oil production on the ability

to develop the surface of land for productive land uses” (Town of Northlake,

2009, 57).

The concerns over the impact of SGD on surface uses made evident by Northlake are

not unique. Several fringe municipalities across the study area have high percentages of land

utilized in SGD like Northlake (0.91 percent). For example, Haslet (1.91 percent), Crowley (1.39

percent), Ponder (2.19 percent), and Pantego (0.97 percent) also have higher percentages of land

utilized by production sites. However, none of these municipalities address the possibility of

land use impacts in their comprehensive plans, nor do they have reverse setback requirements

within their oil and gas ordinances. The lack of action, both in terms of regulation and planning,

indicates a willingness to default to the idea of economically rational decision making on the

part of homebuyers. Effectively, the burden has shifted from regulators, planners, developers,

and oil and gas operators, to consumers. However, as previous research indicates, notification

about living in close proximity to active SGD operations is inadequate; and as development

pressure continues to mount upon fringe municipalities with high percentages of land consumed

by gas production sites, these compatibility issues will increasingly come to the forefront and

will remain unresolved.
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5.3. Summary

Since 2001, Tarrant and Denton counties have grown substantially, in terms of developed

land, population, gas wells, and gas production sites. The majority of this activity has taken

place in rural, fringe areas. However, as urbanization continues, and growth pressure mounts

on fringe municipalities with high percentages of SGD production site area, the possibility for

conflict between surface and mineral uses will increase.

Operating within an economic, political, and regulatory structure which places signif-

icant importance on the development of natural resources and suburban growth has led mu-

nicipalities to develop regulations that attempt to balance both. However, these regulations are

primarily focused on new SGD operations, as a relatively small number of municipalities have

instituted reverse setbacks which would ensure active drill sites remain isolated from new surface

development. In response to mitigating potential conflicts between surface and mineral uses,

municipalities in Denton and Tarrant counties have responded variably, with only eight placing

reverse setback requirements into their oil and gas drilling ordinances, and five addressing land

use compatibility issues in their comprehensive plans.

The regulatory environment of subsequent development around existing SGD remains

relatively undeveloped–the focus has been shifted to individuals. Stakeholders across the region

have indicated that while SGD has the ability to complicate urban development, overall growth

pressure and the demand for development is too high for SGD to become a serious obstacle.

Instead, stakeholders have indicated the importance of individual choice in determining whether

or not to live in proximity to active SGD operations. Through these findings, it is clear that

regulatory environment of subsequent surface development is less defined, and as such, the

research focus must shift to better understanding the notification process of potential property

buyers.
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CHAPTER 6

CONCLUSION

6.1. The Landscape Legacies of Gas Drilling in North Texas

Regional population growth combined with “a casual attitude to regulations, lax zoning,

and opportunism” fueled expansive suburban development across North Texas in the late twen-

tieth and early twenty-first centuries (Friedberger, 2006, pg. 359). Juxtaposed with this suburban

landscape are thousands of Barnett Shale gas drilling and production sites. Since 2001, urban

fringe areas of Tarrant and Denton Counties have experienced growth of urban and developed

land cover, total population, number of gas wells, and number of gas production sites. Rural

municipalities that were once on the periphery of the traditional urban cores of Dallas, Fort

Worth, Arlington, and Denton also have found themselves on the advancing edge of regional

growth. The parallel pressures to develop surface and mineral interests create a complex reg-

ulatory and planning environment, with stakeholders–ranging from planners, property owners,

oil and gas operators, and developers–acting to their specific interests. The resulting scenario

pits the suburban growth regime and energy development–two of the preeminent market forces

in contemporary America–against one another.

The colocation of gas wells and residential developments is a common occurrence across

the region, raising questions about the impact of gas extraction operations on existing and future

surface uses. As a response, this research examined urban shale gas landscapes in Denton and

Tarrant Counties. It calculated gas production site metrics and analyzed land-cover change

and gas production sites, stakeholder colocation discourse, and municipal colocation regulatory

strategies. Since 2003, when drilling first started in the region, shale gas production operations

have been increasingly located among urban developed land cover; indicating a proliferation of

both gas wells and surface development. Currently, developed land covers are the second most

common type surrounding production sites. By quantifying production site characteristics and

estimating the amount of land utilized by gas development across the study area, this research

also found that gas production sites consume more land in some municipalities than others,
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with some having up to two percent of their surface area dedicated to gas development. When

standard reverse setback distances are included, the surface area consumed by gas operations

increases substantially, ranging from 5 to 19 percent of total municipal surface areas. However,

this research found that reverse setback regulations, that determine how close new homes or

other protected uses can be built near preexisting production sites, are not common in Tarrant

and Denton Counties, with only 8 of 48 (10 percent) municipalities using them.

Not surprisingly, industry, developer, and some land owner stakeholders actively contest

the use of municipal reverse setback regulations. Due to the separation of the mineral and

surface estates and an often complicated ownership landscape, such regulations are viewed as

an unfair burden on the surface owner’s ability and right to fully develop the land. Stake-

holder discourse places substantial emphasis on maintaining a balance between public health

and safety and protecting property rights. However, as the definition of community varies with

personal interests, so does the idea of what is reasonable, and what is safe. In fact, few mu-

nicipalities in the study area regulate development around gas well production sites. Instead,

stakeholder interviews and testimonies at Denton City Council public hearings revealed the

use of other strategies that are meant to resolve potential conflicts. In addition to reverse set-

backs, colocation governance strategies include treating gas well production sites as inevitable

and inconsequential realities of regional suburban development, allowing economically rational

homebuyers to self-regulate and to choose whether or not they want to live close to production

sites, relying on extra-legal agreements between developers and gas well operators as a means

to regulate surface uses, and acknowledging (and planning around) the existence of gas well

production sites and drilling landscapes in municipal comprehensive plans.

The overarching pro-economic growth doctrine and drive to maximize development of

surface areas and mineral interests underpins these various strategies. Indeed, the insertion

of market-focused ideals and discourse into public policy debates, and the elevation of growth

above all other priorities, are indicative of the neoliberal model (Brenner and Theodore, 2005;

Sager, 2011). Stakeholder discourse that focuses on economic, gas production, and suburban

development maximization, however, is predicated on full disclosure of and equal and transpar-
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ent access to information. But previous research demonstrates that notification of the presence

and risks of SGD in DFW suburbs is woefully inadequate (Fry et al., 2015b). And as this study

shows, few DFW shale gas drilling municipalities rely on instituted reverse setback regulations

nor do they have well planned, long-term development strategies to deal with SGD landscapes.

Therefore, there remains much uncertainty in future colocation and development outcomes.

6.2. Policy Suggestions

“I think gas well drilling in general is a land use issue... I know some other

municipalities address it from just a regulatory or maybe an environmental

[perspective]. I think they are doing a disservice, because I really think it is

something that can be planned with the rest of the growth of your city. There

should be a section of the comprehensive plan that addresses it. There should

be ways to write your ordinance in accordance to that plan to try to smooth over

[conflicts]... City planning is how you use these spaces, and how you use them

effectively... So my perspective is that a lot of municipalities that don’t have it in

their comprehensive plans because they don’t look at it that way...Their lens is

through ‘this is regulatory policy, energy development or mineral extraction...’

Instead of what the surface or development issues are. I think it takes a planning

or geographical perspective to be able to ask that question, and take the steps

to answer it.”

As this quote from Respondent C suggests, municipal planning should play a central

role in mitigating conflicts between surface uses and urban shale gas development. Findings

from this study show that eight municipalities in Denton and Tarrant counties have setback

regulations and five have long-term colocation planning policies in their comprehensive plans.

These represent established knowledge bases from which municipalities experiencing conflicts

can draw information. In addition, specific policy strategies that could be implemented include:

(1) The creation of maps and inventories of gas production sites and infrastructure within

and around municipalities, which can be used to identify potential land-use conflicts.
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(2) The use of policies that encourage consolidation of production areas to single pad sites

and the reuse of existing pad sites in order to limit the surface area consumed by

production sites.

(3) Formal policies or informal encouragement of cooperation between mineral and surface

stakeholders that allow for the safe and orderly development of all interests.

(4) Reverse setback regulations that mandate separation distances between new surface

developments and preexisting gas production sites. Ideally, these are established through

public and democratic means.

(5) Full, transparent notification of pad sites and potential risks associated with shale gas

development provided to all homebuyers, renters, and surface developers.

6.3. Contributions to the Geographic Literature

Debates about shale gas drilling and hydraulic fracturing have garnered national and

international attention. By striving to answer questions about the physical footprint of SGD and

urban development, and critically analyzing stakeholder colocation discourse, and municipal

colocation regulatory strategies, geographers can bring important insights to these debates, as

well as contribute to geographical scholarship more broadly. For example, this study used

geographical spatial analysis to assess landscape impacts, integrated these with social science

analysis of governance strategies, and drew on geographical theory to demonstrate how shale

gas development affects urban land areas, land cover, and governance strategies. These methods

and theoretical frameworks also contribute to several subfields within geography.

While the Dallas-Fort Worth Metroplex and Barnett Shale is the birthplace of SGD, few

studies have quantified the landscape impacts of these activities. To quantify production site

characteristics and area consumed by those sites, this study collected and digitized a repre-

sentative sample of sites in Denton and Tarrant counties. This collection of sites represents

the largest dataset of production site locations used in the broader unconventional gas drilling

literature. With this data, the "typical" production site size was identified as 2.6 acres (1.06 ha).

This metric can be used to estimate SGD land cover over larger areas in other regions. Future

studies could potentially use this information to compare production site characteristics.
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This study also assessed the landscape change dynamics in an urban gas drilling region.

These findings contribute to an underdeveloped literature on shale gas and urban land use

change. Most SGD related land use/land cover research to date has focused on environmental

and ecosystem considerations; this study, contributes a greater understanding of the human

centric impacts of drilling in urban settings. The application of production site and land cover

data in an urban context represents a new methodology in the SGD and land use/land cover

research. This research also examined shale gas governance strategies. Interviews and archival

data collection methods revealed several discursive strategies utilized by stakeholders that frame

colocation development processes. To date, local scale governance research is underdeveloped

and new insights into how planners and developers confront the challenges presented by urban

SGD.

According to Nadaï and Van Der Horst (2010, pg. 145), energy systems are “the source

of unprecedented transformations of landscapes and society.” Understanding these landscape

transformations is a research goal that geography is uniquely positioned to answer. This re-

search serves as a modern energy landscape case study; contributing to the field of energy

geography by illuminating the ground-level externalities of production in contested spaces (in-

cluding SGD land use, regulatory and planning responses, stakeholder discourse), as present

in Denton and Tarrant counties. Zimmerer (2011) argues that the multi-scalar nature of energy

systems requires local level analysis that can inform broader trends in energy development. This

research provides the ground-level context that can inform theoretical and applied research into

SGD studies. It also provides actionable results which can be utilized by practitioners or the

public at-large. To that end, this study’s inclusion of multiple perspectives (public and private

sector stakeholders), and the spatial analysis of production sites attempts to strike a balance,

and bridge the various technical, political, or social factors, that are often viewed by the public

as contradictory rather than complimentary in policy debates (Israel et al., 2015). Overall, this

research informs the broader energy geography literature by showing that the physical features

of the North Texas landscape and the experiences of stakeholders (e.g. impacts to surface uses,

discourses and regulatory responses) are intimately related.
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6.4. Future Directions in Geographic Research

While the geographic literature on SGD has started to catch up to the amount of activity

taking place, there are still several gaps in the literature that need to be pursued. Perhaps most

importantly, there is a need for empirical studies to investigate what distances are sufficient

enough to ensure human health and safety near SGD production sites. Setback distances are

widely contested, and as Fry (2013) points out, are political compromises with no empirical

foundation. Other than the Integra Realty Resources (2010) report which found that property

values are impacted slightly within 1500 feet (457.2 m) of a gas operation in Flower Mound, little

justification has been offered for setback regulations. In order to best protect the health, safety,

and welfare of individuals and communities arbitrary distances established through political

dealings must be replaced with those established through scientific evidence. For example,

research investigating the role of proximity of production sites to populations related to health

outcomes, would provide sufficient evidence for or against setback regulations.

Next, there is a need for research that determines the best notification strategies for

informing citizens living or looking at buying property near SGD sites. Informed decisions

need to be based on full access to information about potential risks. As municipalities have

not instituted wide scale regulations to segregate preexisting SGD operations and subsequent

urban growth, and understanding the efficacy of notification has become all the more vital to

ensuring the safe and sustainable development of North Texas. Additionally, as the separation of

estates and differential ownership is an often cited point of conflict, there is a need for research

that furthers our understanding of ownership regimes, mineral holdings, and mineral property

distributions in populated areas.

While this research was able to assess municipal regulations and plans in two North

Texas counties, urban drilling is not an isolated phenomenon. As this study demonstrates, there

is a need for more research assessing regulations and urban production sites across Texas. A

wider scale study would be useful to understand what the total landscape impacts are on a state

which places high importance on development of oil and gas resources and surface uses. As this

study has shown, there are significant questions about the lack of regulations for subsequent
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developments near SGD sites. Further analysis could illuminate more strategies, viewpoints, or

discourse utilized in the debate; and would allow for more direct analysis of the role of state

level policy as it relates to local-level land use and mineral conflicts.

62



APPENDIX A

INSTITUTIONAL REVIEW BOARD APPROVAL

63



64



APPENDIX B

IRB RESPONDENT CONSENT FORM

65



66



67



APPENDIX C

STAKEHOLDER INTERVIEW QUESTIONS

68



69



70



71



72



73



BIBLIOGRAPHY

Alig, R. J., Kline, J. D., and Lichtenstein, M. (2004). Urbanization on the us landscape: looking

ahead in the 21st century. Landscape and Urban Planning, 69(2):219–234.

Anderson, B. J. and Theodori, G. L. (2009). Local leaders’ perceptions of energy development

in the barnett shale. Southern Rural Sociology, 24(1):113–129.

Arthur, D. and Cornue, D. (2010). Technologies reduce pad size, waste. The American Oil & Gas

Reporter.

Arthur, J. D., Langhus, P. G., and Alleman, D. (2008). An overview of modern shale gas

development in the united states. Technical report.

Baen, J. S. (2004). Urban and public lands (blm) oil and gas site planning, drilling, construc-

tion, and production- techniques to reduce or eliminate surface estate value impacts and

environmental damages. Technical report.

Bhatta, B. (2010). Analysis of urban growth and sprawl from remote sensing data. Springer Science

& Business Media.

Blohm, A., Peichel, J., Smith, C., and Kougentakis, A. (2012). The significance of regulation

and land use patterns on natural gas resource estimates in the marcellus shale. Energy Policy,

50:358–369.

Brannstrom, C. (2014). Urban planner gas well q-methods analysis.

Brenner, N., Peck, J., and Theodore, N. (2010). After neoliberalization? Globalizations, 7(3):327–

345.

Brenner, N. and Theodore, N. (2005). Neoliberalism and the urban condition. City, 9(1):101–107.

Bridge, G., Bouzarovski, S., Bradshaw, M., and Eyre, N. (2013). Geographies of energy transition:

Space, place and the low-carbon economy. Energy Policy, 53:331–340.

Briggle, A. (2013). Tilting at gas wells: What’s the best way to defend your community from

fracking? TruthOut.

Broomfield, M. (2012). Support to the identification of potential risks for the environment and

human health arising from hydrocarbons operations involving hydraulic fracturing in europe.

Technical report, Oxfordshire, United Kingdom.

74



Brown, D. G., Johnson, K. M., Loveland, T. R., and Theobald, D. M. (2005). Rural land-use

trends in the conterminous united states, 1950-2000. Ecological Applications, 15(6):1851–1863.

Brown, W. (2003). Neo-liberalism and the end of liberal democracy. Theory & Event, 7(1).

Brown, W. (2006). American nightmare: Neoliberalism, neoconservatism, and de-

democratization. Political Theory, 34(6):690–714.

City of Denton (2015). Denton 2030: Our path to the future. Technical report, Denton, Texas.

City of Mansfield (2012). City of mansfield 2012 land use plan.

Coyne, J. R. J. (2013). The texas way: An alternative model. The American Spectator, July-August

2013.

Deng, J. S., Wang, K., Hong, Y., and Qi, J. G. (2009). Spatio-temporal dynamics and evolution

of land use change and landscape pattern in response to rapid urbanization. Landscape and

Urban Planning, 92(3):187–198.

Drohan, P., Brittingham, M., Bishop, J., and Yoder, K. (2012). Early trends in landcover change

and forest fragmentation due to shale-gas development in pennsylvania: a potential outcome

for the northcentral appalachians. Environmental management, 49(5):1061–1075.

Ewing, R. (1997). Is los angeles-style sprawl desirable? Journal of the American planning associa-

tion, 63(1):107–126.

Ewing, R. H. (2008). Characteristics, causes, and effects of sprawl: A literature review, pages

519–535. Springer.

Fambrough, J. (2009). Minerals, surface rights, and royalty payments. Technical report, College

Station, TX.

Forman, R. T. (1995). Land mosaics: the ecology of landscapes and regions. Cambridge university

press.

FracFocus (nd.). Hydraulic fracturing: The process. 2016(02/15).

Friedberger, M. (2006). Development, politics, and the rural-urban fringe in north texas. The

Southwestern Historical Quarterly, pages 359–383.

Fry, J. A., Xian, G., Jin, S., Dewitz, J. A., Homer, C. G., LIMIN, Y., Barnes, C. A., Herold, N. D.,

and Wickham, J. D. (2011). Completion of the 2006 national land cover database for the

75



conterminous united states. Photogrammetric engineering and remote sensing, 77(9):858–864.

Fry, M. (2013). Urban gas drilling and distance ordinances in the texas barnett shale. Energy

Policy, 62:79–89.

Fry, M., Brannstrom, C., and Murphy, T. (2015a). How dallas became frack free: hydrocarbon

governance under neoliberalism. Environment and Planning A, 47(12):2591–2608.

Fry, M., Briggle, A., and Kincaid, J. (2015b). Fracking and environmental (in) justice in a texas

city. Ecological Economics, 117:97–107.

Fry, M., Hoeinghaus, D. J., Ponette-Gonzalez, A. G., Thompson, R., and La Point, T. W. (2012).

Fracking vs faucets: Balancing energy needs and water sustainability at urban frontiers. En-

vironmental science & technology, 46(14):7444–7445.

Graduate Research Center of the Southwest (1966). Goals for Dallas. Goals for Dallas, Dallas,

Tex.

Graff, H. J. (2008). The Dallas myth :the making and unmaking of an American city. University of

Minnesota Press, Minneapolis.

Grodach, C. (2011). Barriers to sustainable economic development: The dallas–fort worth expe-

rience. Cities, 28(4):300–309.

Güneralp, B., Seto, K. C., and Ramachandran, M. (2013). Evidence of urban land teleconnections

and impacts on hinterlands. Current Opinion in Environmental Sustainability, 5(5):445–451.

Halliburton (n.d.). Hydraulic fracturing 101. 2016(02/15).

Hillwood (2012). The alliance texas advantage, alliance summary.

Homer, C., Dewitz, J., Fry, J., Coan, M., Hossain, N., Larson, C., Herold, N., McKerrow, A.,

VanDriel, J. N., Wickham, J., et al. (2007). Completion of the 2001 national land cover

database for the counterminous united states. Photogrammetric Engineering and Remote Sensing,

73(4):337.

Homer, C. G., Dewitz, J. A., Yang, L., Jin, S., Danielson, P., Xian, G., Coulston, J., Herold, N. D.,

Wickham, J. D., and Megown, K. (2015). Completion of the 2011 national land cover database

for the conterminous united states-representing a decade of land cover change information.

Photogrammetric Engineering and Remote Sensing, 81(5):345–354.

76



Howarth, R. W., Ingraffea, A., and Engelder, T. (2011). Should fracking stop? Nature,

477(7364):271–275.

Hudgins, A. and Poole, A. (2014). Framing fracking: Private property, common resources, and

regimes of governance. Ecology, 21:222–348.

Integra Realty Resources (2010). Flower mound well site impact study. Technical report, Dallas,

TX.

Israel, A. L., Wong-Parodi, G., Webler, T., and Stern, P. C. (2015). Eliciting public concerns

about an emerging energy technology: The case of unconventional shale gas development in

the united states. Energy Research Social Science, 8:139 – 150.

Jantz, C. A., Kubach, H. K., Ward, J. R., Wiley, S., and Heston, D. (2014). Assessing land use

changes due to natural gas drilling operations in the marcellus shale in bradford county, pa.

The Geographical Bulletin, 55(1):18.

Johnson, N., Gagnolet, T., Ralls, R., Zimmerman, E., Eichelberger, B., Tracey, C., Kreitler, G.,

Orndorff, S., Tomlinson, J., and Bearer, S. (2010). Pennsylvania energy impacts assessment

report 1: Marcellus shale natural gas and wind. Harrisburg, PA, US: The Nature Conservancy-

Pennsylvania Chapter.

Jordaan, S. M., Keith, D. W., and Stelfox, B. (2009). Quantifying land use of oil sands production:

a life cycle perspective. Environmental Research Letters, 4(2):024004.

Kane, K., Connors, J. P., and Galletti, C. S. (2014). Beyond fragmentation at the fringe: A

path-dependent, high-resolution analysis of urban land cover in phoenix, arizona. Applied

Geography, 52:123–134.

Kennedy, R. F., J. (2014). A review of potential community and real estate impacts from the rush

to frack. Real Estate Issues, 39(2):44–48.

Kosnik, R. L. (2007). The oil and gas industry’s exclusions and exemptions to major environ-

mental statutes. Technical report, Durango, Colorado.

Kuehn, S. (2012). Landscape practices on gas well sites in north texas: Perceptions of selected

industry representatives and regulators.

Lambin, E. F. and Meyfroidt, P. (2011). Global land use change, economic globalization, and the

77



looming land scarcity. Proceedings of the National Academy of Sciences, 108(9):3465–3472.

Lambin, E. F., Turner, B. L., Geist, H. J., Agbola, S. B., Angelsen, A., Bruce, J. W., Coomes, O. T.,

Dirzo, R., Fischer, G., and Folke, C. (2001). The causes of land-use and land-cover change:

moving beyond the myths. Global Environmental Change, 11(4):261–269.

Levy, J. M. (2009). Contemporary urban planning. Pearson/Prentice Hall.

Logan, J., Xu, Z., Stults, B., and Chunyu, M. (2010). Us2010: Longitudinal tract data base (ltdb).

2015(11/26).

Meng, Q. (2014). Modeling and prediction of natural gas fracking pad landscapes in the mar-

cellus shale region, usa. Landscape and Urban Planning, 121:109–116.

Meyfroidt, P., Lambin, E. F., Erb, K.-H., and Hertel, T. W. (2013). Globalization of land use:

distant drivers of land change and geographic displacement of land use. Current Opinion in

Environmental Sustainability, 5(5):438–444.

Muehlenbachs, L., Spiller, E., and Timmins, C. (2012). Shale gas development and property values:

Differences across drinking water sources.

Nadaï, A. and Van Der Horst, D. (2010). Introduction: Landscapes of energies. Landscape

Research, 35(2):143–155.

New York City Department of Environmental Protection (2009). Impact assessment of natural

gas production in the new york city water supply watershed. Technical report.

New York State Department of Environmental Conservation (2009). Supplemental generic en-

vironmental impact statement on the oil, gas and solution mining regulatory program. De-

partment of Environmental Conservation, New York State.

Paulsen, K. (2014). Geography, policy or market? new evidence on the measurement and causes

of sprawl (and infill) in us metropolitan regions. Urban Studies, 51(12):2629–2645.

Pradhananga, A. (2014). Landscape fragmentation as an impact of shale gas drilling in north

texas.

Radow, E. N. (2013). At the intersection of wall street and main: Impacts of hydraulic fracturing

on residential property interests, risk allocation, and implications for the secondary mortgage

market. Alb.L.Rev., 77:673–725.

78



Rahm, B. G., Vedachalam, S., Bertoia, L. R., Mehta, D., Vanka, V. S., and Riha, S. J. (2015).

Shale gas operator violations in the marcellus and what they tell us about water resource

risks. Energy Policy, 82:1–11.

Rahm, D. (2011). Regulating hydraulic fracturing in shale gas plays: The case of texas. Energy

Policy, 39(5):2974–2981.

Robbins, E. and Barlas, S. (2004). The backyard drill. Planning, 70(8):16–19+.

Sager, T. (2011). Neo-liberal urban planning policies: A literature survey 1990–2010. Progress in

Planning, 76(4):147–199.

Schafft, K. A., Borlu, Y., and Glenna, L. (2013). The relationship between marcellus shale gas

development in pennsylvania and local perceptions of risk and opportunity. Rural Sociology,

78(2):143–166.

Seto, K. C., Fragkias, M., Guneralp, B., and Reilly, M. K. (2011). A meta-analysis of global urban

land expansion. PloS one, 6(8):e23777.

Seto, K. C., Reenberg, A., Boone, C. G., Fragkias, M., Haase, D., Langanke, T., Marcotullio, P.,

Munroe, D. K., Olah, B., and Simon, D. (2012). Urban land teleconnections and sustainability.

Proceedings of the National Academy of Sciences of the United States of America, 109(20):7687–

7692.

Sleeter, B. M., Sohl, T. L., Loveland, T. R., Auch, R. F., Acevedo, W., Drummond, M. A., Sayler,

K. L., and Stehman, S. V. (2013). Land-cover change in the conterminous united states from

1973 to 2000. Global Environmental Change, 23(4):733–748.

Slonecker, E., Milheim, L., Roig-Silva, C., Malizia, A., Marr, D., and Fisher, G. (2012). Landscape

consequences of natural gas extraction in Bradford and Washington Counties, Pennsylvania, 2004-

2010.

Storper, M. and Scott, A. J. (2009). Rethinking human capital, creativity and urban growth.

Journal of economic geography, page lbn052.

Suarez-Villa, L. (2002). Regional inversion in the united states: The institutional context for the

rise of the sunbelt since the 1940s. Tijdschrift voor Economische en Sociale Geografie ( Journal of

Economic & Social Geography), 93(4):424.

79
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