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ABSTRACT 

The purpose of this research was to compare two shale play regions of Texas to 

assess the extent to which differences existed in geospatial patterns of highly active 

petroleum and natural gas mining sites in relationship to demographic changes from the 

years 2000-2017. Two questions guided this research: 1) To what extent might 

differences occur between the Eagle Ford Shale region and the Permian Basin region in 

relation to well locations of hydrocarbon drilling and population and spatial 

demographics and 2) After examining the differences between the two regions, is it 

possible to establish the more recent areas in Permian Basin region as trending toward 

‘boomtown’ growth and development? Thus, the overarching aim of this research was to 

understand the significance of changes between, and within the two regions, in terms of 

geospatial patterns of active well locations and selected “boomtown” demographics. The 

unconventional hydrocarbon activity (i.e., hydraulic fracturing, or “fracking”) that began 

to flourish in the mid-2000s in the Eagle Ford Shale Play region was compared to the 

Texas portion of the Permian Basin region, as the former region represents a longer 

established area of production of natural gas, while the second represents relatively recent 

growth in well locations and production of natural gas from hydraulic fracturing. By 

comparing these two regions on rates of well locations and population, it was 

hypothesized that the “newer,” more recently fracked, more rural Permian Basin region 

would demonstrate similar signs of “boomtown” growth as was the case with the more 

the established Eagle Ford Shale region in earlier years. This research concluded that the 



 

xiii 
 

geospatial patterns in well locations and demographic changes did reveal signs of marked 

increase in the Permian Basin as compared to Eagle Ford, indicating that the Permian 

Basin region is likely to experience, or may be in the throes of experiencing, the same or 

similar rate of “boomtown” growth as Eagle Ford Shale. 

The analysis was performed in two parts. Part 1 called for statistical analysis to 

establish whether there were statistically significant differences between the Eagle Ford 

Shale region and the Permian Basin region. The statistical analysis also considered 

whether the Permian Basin region was statistically greater than the Eagle Ford Shale 

region on demographic variables related to boomtown growth and development. Part 1 

also presented descriptive data which supported the findings of the statistical testing. Part 

2 was comprised of in-depth geospatial mapping and spatial statistic testing of the 

demographic variables within each region. Geospatial analyses consisted of Active Well 

Analysis, Cluster Analysis of Active Wells, Nearest Neighbor Analysis of Active Wells, 

Kernel Density of Active Wells Analysis, Active Wells Point Density Hotspot Analysis 

(Getis-Ord Hotspot and Coldspot Analysis), Active Well Area Hotspot Analysis, 

Population Density Analysis, Population Density Hotspot Analysis, Median Household 

Income Map Analysis, Unemployment Map Analysis, Gender- Male Map Analysis, 

Ethnicity-Hispanic Map Analysis, and Age Percentages Figure Analysis. Part 2 supported 

and enhanced the results of Part 1 for understanding the differences between the regions, 

as well as, how the Permian Basin region might compare to the more established Eagle 

Ford Shale region in terms of boomtown growth and development.  
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The data for map generation was acquired from UpstreamDB for well locations, 

the U.S. Census Bureau’s American Fact Finder for selected demographic data, and 

Simply Analytics (which withdraws data from the U.S. Census Bureau) for demographics 

data. Mapped well data was layered with U.S. Census data separated by year, and well 

location data isolated by year over time. Statistical testing as well as geospatial mapping 

indicated the degree of changes between, and within each region in patterns in overall 

population growth and density over time as compared to active hydrocarbon production 

in the two regions. Specifically, demographic data in maps depicted changes in ethnicity, 

median income, gender, age and unemployment in the two regions during the selected 

years and gave an indication as to whether “boomtown characteristics” were being 

experienced in the Permian Basin region.  

Identifying whether or not the Permian region may be undergoing boomtown 

growth as has happened in Eagle Ford Shale, will inform stakeholders in the Permian 

region that relatively fast and intense growth in population is highly likely. Anticipating 

this growth in population, and therefore, the concomitant greater need in transportation, 

law enforcement, housing, utilities, and other social services will be of value to leaders 

and planners in the public sector as well as businesses in the private sector. Thus, all 

stakeholders in the Permian region will be better able to prepare for future impacts from 

active hydrocarbon drilling and boomtown generation.
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I. INTRODUCTION 

Ennis and colleagues (2013) explain that ‘boomtowns’ are places experiencing 

sudden and rapid growth in terms of populations and economy where the cause of growth 

is generally related to the exploitation of natural resources in large scale corporate 

projects, typically involving the oil and gas industries (34). In Texas, the ‘boomtown’ 

phenomenon has existed ever since the discovery of oil in 1901. Rapid and large-scale 

growth produces major impacts on residents, permanent and temporary, living in 

locations of oil and gas induced boomtowns. New opportunities for jobs create an influx 

of people seeking jobs, as well as, with temporary population growth comes advancement 

in local industries such as hotels, restaurants, and other customer service related 

businesses. However, at the same time, there are increasing demands on local 

infrastructure—health, education, social services, transportation, and housing –for the 

normally small homogenic town. Once the petroleum companies complete their drilling 

in an area and leave, the boomtown often suffers through a bust, which may damage the 

town economically, due to rapid population decreases. This research first examined the 

historical and current geospatial patterns of boomtown growth and development in the 

Eagle Ford Shale play region and the Texas portion of the Permian Basin region. By 

comparing these two regions on rates of well locations and population, between each 

region over time, it was hypothesized that the “newer,” more recently fracked, more rural 

Permian Basin region would demonstrate similar signs of former “boomtown” growth 

similar to the established Eagle Ford Shale region. In other words, if the geospatial 

patterns in well locations and demographic changes looked for signs of marked increase 

in the Permian Basin as compared to Eagle Ford, then this increase and found that this 
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increase did indicate that the Permian Basin region is likely to experience, or be in the 

throes of experiencing, the same or similar type of “boomtown” growth as the Eagle Ford 

Shale region in earlier years. After establishing the degree of differences between the two 

regions and whether or not the Permian region is headed toward ‘boomtown’ growth, the 

second part of the analysis investigated differences within each region that may help to 

explain the differences. 

Study Questions 

To investigate the differences between and within the eastern Eagle Ford Shale 

Play and the western Permian Basin Shale regions, two main questions guided 

this research:  

1. To what extent were there differences between the two regions in relation to 
well locations of hydrocarbon drilling and population and spatial 
demographics?   

 
2. After examining the differences between the two regions, was it possible to 

establish the more recent areas in Permian Basin region as trending toward 
‘boomtown’ growth and development? 

 
 
Thus, the overall goal of this research was to understand the significance of 

changes between, and within the two regions, in geospatial patterns of active well 

locations and selected demographics. By cross referencing geospatial active well pattern 

data with census and demographic data over a period of 18 years, from 2000 to 2017, this 

research sought to observe future possible economic impacts that these geospatial 

boomtown patterns might produce on the quality of life in the two regions. Demographic 

changes in ethnicity, gender, median income, age and unemployment were mapped to 

understand societal changes related to hydrocarbon production in the two regions. 

Ultimately, this research sought to establish that the more recent activity in the Permian 
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Basin region was trending toward an upcoming ‘boomtown’ in the region, especially in 

comparison with Eagle Ford Shale. The value of identifying a new ‘boomtown’ pattern in 

the Permian Basin was to better inform stakeholders in the region by allowing time to 

prepare for future impacts from active hydrocarbon drilling and boomtown generation. 

Rationale 

Considering that the Eagle Ford Shale region has a longer hydraulic fracturing 

establishment, comparing it with the Permian Basin region revealed significant 

differences between the two. The overriding hypothesis underlying this research was that 

the Permian Basin will demonstrate patterns indicating ‘boomtown’ growth, especially as 

compared to the Eagle Ford Shale region. Furthermore, the changes were expected to be 

much stronger given that west Texas has a smaller more homogenic population. 

Anticipating this growth in population in the Permian Basin region, and therefore, the 

concomitant greater need in transportation, law enforcement, housing, utilities, education, 

and other social services will be of value to leaders and planners in the public sector as 

well as businesses in the private sector. Thus, all stakeholders in the Permian region will 

be better able to prepare for future impacts from active hydrocarbon drilling and 

boomtown generation. 

Chapter II begins with a discussion of the background and context of the 

“boomtown’ phenomenon—what it is, how it comes about, and implications of its rapid 

growth and development. Chapter III, Literature Review, highlights the theoretical 

frameworks of the boomtown phenomenon and discusses prior research related to 

boomtown creation and structure. Chapter IV describes the methodology for this research 

and the approach that employed statistical and geospatial pattern analyses between and 
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with the two regions. Analysis is presented in Chapter V in Parts 1 and 2 to discover and 

shed perspective on the extent to which relationships exist between and within regions, in 

terms of population density, and demographics in relation to active natural gas wells. 

Chapter VI discusses results and implications form Chapter VI’s analysis and Chapter 

VII rounds out the research with some concluding thoughts.  
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II. BACKGROUND AND CONTEXT 

The Boomtown Phenomenon 

 In the early 1900s, the petroleum industry began to flourish in the state of Texas. 

According to the Texas State Historical Association, oil exploration and production 

started to displace agriculture as the principal engine driving the economy of the state. 

Economically, oil affected corporate development as well as land ownership in Texas 

(TSHA 2018). Results of this oil “boom” caused the founding and flourishing of several 

new Texas cities, and economically benefited individuals, companies, local businesses, 

and the state (TSHA 2018). Countless oil discoveries produced ‘boomtowns’ in the early 

1900s beginning with the first gusher in east Texas at Spindletop Hill near Beaumont, 

Texas in 1901 (with successive discoveries in the area creating the Spindletop Oil Fields). 

Other ‘boomtowns’ in Texas sprang up all over the state, including towns in the: 

Panhandle Fields, North Texas Fields, East Texas Fields, Sour Lake Fields, Humble 

Fields, Southern Coastal Fields, and Permian Basin and Big Lake Fields (Talon/LPE 

2017). Spindletop jump-started Texas into a major producer of petroleum and drove the 

state into becoming an industrial power (TSHA 2018). The drive for oil exploration 

began to spread through North Texas, specifically in Brownwood, Petrolia, and Wichita 

Falls, which ended up generating “boom towns”, and the phenomenon unfurled 

throughout the state. The largest oil field was discovered in 1930, located in East Texas’ 

Rusk County. By the time this oil field was detected, the Texas economy was powered by 

petroleum (TSHA 2018). 

 Murphy and colleagues (2018) define boomtowns as, “isolated semi-urban centers 

near sites of high-demand resource commodities that provide revenue windfalls for local 
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communities” (25). Boomtowns create jobs, and subsequent higher income classes in 

these semi-urban centers, but they also cause tension on social structure, infrastructure, 

and governance, as well as, high levels of individual stress, diminished social 

cohesiveness, rising social tensions from rapid population growth, and high labor 

turnover (Murphy et al. 2018, 25; Haslam McKenzie 2013; Kassover 1981). Most of 

these are based on economic circumstances and site-specific characteristics (Murphy et 

al. 2018, 25). According to Murphy and colleagues (2018), the most visible impact of 

unconventional-hydrocarbon extraction is the creation of boomtowns in rural regions 

(24). To this day, impacts of petroleum and natural gas induced boomtowns near sites of 

extraction are not well understood (Murphy et al. 2018, 24). Thus, an overall outcome of 

this research will be to better understand geospatial patterns, and demographic changes in 

booming regions near sites of extraction. 
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III. LITERATURE REVIEW 

Introduction to Boomtowns 

 Boomtowns are an important phenomenon to the history of Texas emanating as a 

byproduct of oil and gas development in the state. Whether the side effects are positive or 

negative, boomtowns occur with frequency, and are studied in the literature to better 

understand how to manage the intense rapid growth development.  

 Jacobsen and Parker (2014) observe that ‘boomtowns’ are inundated with 

injections of capital, revenue and labour (1092) and, may strain local infrastructure, 

social structures and governance (Gilmore 1976; Haslam Mckenzie 2013, Murphy et al. 

2018). Communities that become boomtowns commonly carry two distinct components 

prior to their rapid growth: their population has declined in size (Albrecht 1978), and they 

have been highly homogenous (Freidenburg 1977) especially, in the sense of ethnicity, 

and culture (England and Albrecht 1984). England and Albrecht (1984) state that once 

hydrocarbon production is introduced to an area, and boomtown growth begins to 

develop, dramatic changes begin to occur demographically, and socio-economically. For 

example, growth rate is accompanied by heavy demands on services and facilities as well 

as large numbers of new inhabitants must be integrated into the community (England and 

Albrecht 1984).  

 Various theories have developed concerning the boomtown phenomenon. The 

theory known as the ‘natural resource curse’ debates whether resource booms are a 

catalyst or hindrance to economic growth (Jacobsen and Parker 2014, 1093). There are 

two conclusions to this theory: the first contends that booms stimulate complementary 

investments in local non-extraction sectors and augment growth (Duranton and Puga 
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2004; Glaeser and Gottleib 2009; Jacobsen and Parker 2014, 1093), while the second, 

known as the ‘Dutch Disease,’ occurs when local booms crowd out growth in non-

extraction sectors that produce tradable goods because the booms raise local wages and 

these additional input costs cannot be passed on to non-local consumers (Corden and 

Neary 1982; Jacobsen and Parker 2014, 1093). According to Jacobsen and Parker (2014), 

oil and gas boomtowns are havens for high wages, business expansions and royalty 

payments but they question whether the boom will provide an economic blessing or a 

curse for local communities (1121-1122). 

 Gilmore (1976) outlines four ‘phases’ of public attitudes towards boomtown 

development: enthusiasm, uncertainty, near panic, and adaptation (536). The first phase is 

characterized by “enthusiasm” for the potential of increased income, employment, and 

other forms of economic growth (Gilmore and Duff 1975; Gilmore 1976; Murphy et al. 

2018, 28). Enthusiasm begins with ’boomtown euphoria’ or a stimulating blend of greed 

[and] opportunity and is often fueled by an enthusiastic euphoria where community 

residents often assume a bright outlook on a redeemable future (Gillford 1989; Cope et 

al. 2015, 139). The second phase reflects ’uncertainty’ as the resource extraction 

descends on the city. Third is ‘panic’ as residents’ hometowns begin to modify and 

evolve demographically and physically with respect to hydrocarbon production. The final 

phase occurs in which there is ‘adaptation’ to the major consequences of resource 

extraction (Gilmore and Duff 1975; Gilmore 1976; Murphy et al. 2018, 28). Cope and 

colleagues (2015) finds that many times, “the new in-migrants harbor different ideas and 

customs and consequently dilute the relative homogeneity of the community… [and] 

large numbers of new inhabitants must be integrated into the community; new role 
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relationships must be worked out” (England and Albrecht 1984; Cope et al. 2015, 139). 

They further state that boomtowns experience rapid population growth and development 

and “their density of acquaintanceship decreases” (139). Cope and colleagues (2015) 

observe that although “rapid community growth is linked to patterns of social 

disruption,” if given ample recovery time, “residents display a resilience to disruptions as 

demonstrated by a return to pre-boom levels in community satisfaction and attachment” 

(136-137). 

Other researchers observe that the boomtown phenomenon also experiences a 

“life-span” of its own consisting of four different stages: pre-boom, boom, bust, and 

recovery (Brown et al. 2005; Cope et al. 2015, 139). Oftentimes, the recovery, from rapid 

population and economic growth yields a rebound in measures of social well-being, 

coupled with a more diverse population and enhanced physical infrastructure, while 

manufactures increase the quality of life in areas of rapid economic and social 

development, and after the boom disruption the quality of life improves post-boom as 

compared to “before the shock” (Besser et al. 2008, 585). 

There are many negative effects that may coincide with boomtown growth. 

Tsvetkova and colleagues (2016) state that resource rich nations tend, on average, to lack 

the ability to modernize their economies and institutions (Mehlum et al. 2006; Ross 

1999). They believe that this phenomenon is most likely the product of corruption, 

elitism, and low-quality institutions (Murshed and Serino 2011), as well as some 

alternative reasoning such as failure to diversify their economies, “lower educational 

attainment and human capital accumulation” (Black et al. 2005; Blanco and Grier 2012; 

Gylfason 2001; Tsvetkova and Partridge 2016, 82) and crowding out entrepreneurship 
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and innovation (Betz et al. 2015; Gylfason 2000; Sachs and Warner 1999; Sala-I-Martin 

and Subramanian, 2013; Tsvetkova and Partridge 2016, 82). Tsvetkova and colleagues 

(2016) further claim that as long as the energy booms are small in magnitude relative to 

the rest of the economy, local economies appear to be better off when they experience 

broad-based growth rather than the energy-led booms both in terms of multiplier effects 

and in terms of enhancing the diversity of their economies (94). Finally, Tsvetkova and 

colleagues (2016) suggest that policy makers who look at oil and gas development as a 

silver bullet for their economic development woes should probably consider other 

sectors, which on average, appear to have larger local employment effects (94). 

The rapid growth development affects an array of demographic aspects. England 

and Albrecht (1984) state that, “the changes in boomtowns present a complex pattern: 

some areas of community life are disrupted, others are benefitted, and still others remain 

largely unchanged” (244). According to Murphy et al. (2018), the boomtown literature 

fails to capture these local, place-based development characteristics and the profound 

transformations towns undergo from commodity-driven growth (25) (Barnes and Hayter 

2005; Lawrie, Tonts, Plummer 2011). Therefore, this research proposes to fill the void of 

said missing information concerning development characteristics from hydrocarbon 

induced boomtowns, by conducting geospatial and geostatistical studies which aims to 

capture changes in population and demographics, in response to active wells in the two 

study regions. 
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Demographic, Socio-economic Impacts, and Economic Shocks from Hydrocarbon 
Production in Texas 

 
 Oil and natural gas-driven boomtowns experience many demographic and socio-

economic shocks throughout the boomtown lifespan. The “Social Disruption Hypothesis” 

developed by England and Albrecht (1984) states that boomtown communities enter a 

period of generalized crisis and loss of traditional routines and attitudes that targets 

people whose mental health, world view, and social networks may all be disrupted. 

Further, it also impacts the organizational level where existing businesses and 

associations must struggle to survive the challenge of new-comers, and also reaches the 

community level as the homogeneous culture is disrupted, and services are often severely 

taxed (England and Albrecht 1984, 231). A study performed by England and Albrecht 

concludes that, “social ties are neither disrupted nor do they decline in favor of formal 

ones due to boomtown phenomenon…the boomtown cycle seems to stimulate adaptive 

mechanisms to increase informal ties. Additionally, exposure to urbanism-

industrialization and modernity has a weak tendency to increase formal ties” (245). 

England and colleagues also find that rapid growth does not disrupt individual social ties, 

although disruption appears to occur at the community service level. In communities 

where boomtowns are driven by the oil and gas industry, growth does occur more quickly 

than the community can respond, however, England and colleagues observe that 

fluctuations in shocks regarding demographics and socio-economic factors do not occur 

consistently among all residents, but that certain types of persons, such as old-time 

residents, newcomers, and females may be more likely to experience certain impacts than 

are others (England and Albrecht 1984, 231). 
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Income 

 Income is a major demographic aspect that is strongly impacted by hydrocarbon 

producing regions. According to Jacobsen and Parker’s (2014) study, ‘booms’ created 

substantial short-term benefits, but also longer-term hardships, and persisted in the form 

of joblessness and depressed local incomes. The positive effects from economic shocks 

caused by boomtowns are that, “short-term effects of the boom on local income per 

capita…increased by more than 10% above pre-boom levels during the height of the 

boom” (Jacobsen and Parker, 2014, 1093). The beneficial impacts on income may be 

strong during a boom, but the decline in income when production ends and the boomtown 

fades may be harmful to the original town. According to Tsvetkova and Partridge (2016), 

“at a county level…the empirical analyses of the recent energy boom usually reveal a 

stimulating effect of energy endowments. Therefore, results suggest that unconventional 

gas wells have a positive contemporaneous effect on income and employment” (83).  

Jacobsen and Parker (2014) write that, consequently, in the longer run, after the full 

boom-and-bust cycle had concluded, we find that local per capita income was about 6% 

lower than it would have been if the boom had never occurred” (1093). With healthy, 

slower boomtown growth rates, and the proper litigation from political leaders in the 

affected areas, oil and gas induced booms and shocks may be transformed into a more 

beneficial state.  

Unemployment 

 Employment is another important demographic variable that should be considered 

when studying boomtown growth and development. Jacobsen and Parker (2014) explain 

that local employment increases considerably during the boom phase, particularly in the 
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extraction and non-tradable sectors, which is consistent with the findings of previous 

research (Carrington, 1996; Black et al. 2005; Marchand 2012). Tsvetkova and 

colleagues (2016) also find that it is also sometimes difficult to decipher the true 

employment counts because there are many long-distance commuters working in the 

fields for the oil and gas industry. Oil and gas booms bring a plethora of jobs and 

opportunities to both the oil industry as well as other businesses and industries that 

become dependent on the oil industry. For example, since May 2016 in the Eagle Ford 

Shale Play region, an “estimated $87 billion in economic benefits accrued to 21 counties 

in conjunction with employment of 115,000 workers. (Tunstall et al. 2014; Murphy et al. 

2018, 25). According to Tsvetkova and Partridge (2016), “analysis on nonmetropolitan 

counties in the states of Texas, Louisiana, Arkansas, and Oklahoma in the 2000’s… each 

mining job was associated with additional 1.4 non-mining jobs (Weber et al. 2014, 

Tsvetkova and Partridge 2016, 83). Tsvetkova and Partridge (2016) state that in oil and 

gas booming counties, specifically natural gas in this case, the counties witnessed small 

employment gains in construction, transportation, and services, while retail trade and 

manufacturing activities were not affected; however, the employment multiplier from 

shale boom-related labour market restructuring of approximately 1.3 (83). Similarly, 

Tsvetkova and colleagues (2016) observes that from 1940 to 1990 counties located in the 

Deep South of the U.S indicate that areas situated over oilfields enjoyed higher 

employment, income, and population density (Michaels 2011, Tsvetkova and Partridge 

2016, 83). They state that although employment growth and opportunity are amongst oil 

and gas producing boomtowns, these effects quickly reverse into ‘busts’ and suffer larger 

income declines and greater unemployment (Tsvetkova and Partridge 2016, 83). Thus, as 
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cautioned by Jacobsen and Parker (2014), unemployment, on the other hand, tends to 

escalate immediately following the peak of the boom.   

Gender 

 Another demographic shock that may occur in oil and natural gas induced 

boomtowns center on the increase in numbers of men. According to Filteau’s 2012 

dissertation “Who are those guys? Undoing the oilfield’s roughneck masculinity,” natural 

resource-based occupations predominantly employ men, as these jobs are primarily 

considered hyper-masculine occupation[s] (4). He goes on to say that a major shock that 

may occur in a boomtown given a large influx in the number of men occurs is that, 

“hegemonic masculinity reproduces patriarchal dominance when it is embedded in the 

economic system” (Filteau 2012, 45). In the Marcellus Shale region (primarily found in 

the Appalachians running through West Virginia, western Pennsylvania, and southern 

New York State), energy extraction’s workforce is predominantly male, making up 87% 

of the employed men and 13% of the employed women (Filteau 2012, 192). Figures 1 

and 2 below, show that in the United Kingdom (U.K.) offshore core workforce, “women 

have continued to make up 2.9 percent…since 2012” (Thom, 2015, 6).  This male 

dominated trend expands farther than the U.S., and U.K., and may be found occurring in 

the Dutch and Danish sectors, reporting female participation rates of 3.7 percent and 5.2 

percent, and where over half of those women worked in catering” (Thom, 2015, 25).  
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Figure 1: Breakdown of female personnel by key discipline (function) in the  
United Kingdom.  http://oilandgasuk.co.uk/wp-content/uploads/2015/08/EM014.pdf 

 
 

Figure 2: Offshore oil workers female verses male population in the United 
Kingdom, 2014.  http://oilandgasuk.co.uk/wp-content/uploads/2015/08/EM014.pdf 
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Ethnicity 

 In the United States, urbanization is occurring at a rapid pace. Young people tend 

to leave their small-town homes, to move to the “nation’s cities and suburbs at the 

expense of small towns and farm population” (Carr et al. 2012, 40). According to Carr 

and colleagues (2012), with the out-migration of the young and educated, those 

remaining in nonmetro America are older, less educated, and more likely to work in 

manual professions.  The loss of population also means a declining in tax base, less 

support for local and small businesses, more retirees in need of health care, and less 

incentive for young professionals to locate in these areas (39).  

 Jacobsen and Parker (2014) observe that relatively recently, there have been 

“influxes of oil and gas workers [that] have migrated to towns in…Texas… where much 

of the new drilling is concentrated” (1093). Further, Johnson and Lichter (2008) state that 

rural Hispanics accounted for nearly 26 percent of nonmetro population growth over the 

1990s and 45 percent between 2000 and 2006, while representing just 5.4 percent of the 

nonmetro population with most of this development occurring in rural Hispanic boom 

towns (337). Carr and researchers (2012) state that, “one trend that runs counter to the 

decline of many nonmetro areas is the influx of immigrants, the majority of Hispanic 

origin (40). According to the 2010 Decennial census, Carr and colleagues (2012) state 

that “Hispanics accounted for most of the growth in nonmetro areas over the 2000s... 

gr[owing] modestly over the past decade, from 48.4 to 50.4 million people” (40). During 

this time, Hispanic growth was concentrated mainly in small towns, primarily for the 

work found in industry boomtowns, specifically the hydrocarbon industry, as well as a 

few others(Carr et al. 2012, 41) Many times, permanent residents did not like the 
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disruption of the homogeneity nature of their towns, and sometimes tended to believe—

usually incorrectly—that immigrants bring trouble; however, studies show that there is 

little evidence that immigration is associated with higher crime rates in areas of Hispanic 

settlement (Crowley and Lichter 2009; Sampson 2008; Carr et al. 2012, 43).  

 Carr and colleagues (2012) find that immigration of oil and natural gas workers 

may save small towns by bringing not only population, but culture, and demographics 

that may revive the dying towns. Their sheer numbers generate a larger tax base, create 

support for local businesses, decrease the ratio of retirees to workforce, bring more health 

care due to the increasing population, and create incentives for young people to move to 

the area due to job opportunities.  Carr and colleagues conclude that, “if immigration is 

‘done right’, it can provide an economic lifeline to many distressed places that are 

hollowing out because of chronic out-migration of young people” (2012, 44). 

Age 

 Age is another staple demographic that should be considered when studying 

boomtowns. It is important to decipher whether the age groups of the town are getting 

older or younger, as well as, whether change is driven by shocks from boomtown growth 

in the oil and gas industry where the impacts may be major. According to Thom (2015) 

the average age of the off-shore worker in the U.K. remained static in 2014 at 40.8 years. 

Similarly, in the U.S., the Bureau of Labor Statistics reports the median age of workers in 

the oil and gas extraction industry to be 42.8 years (BLS 2017). See figures 3 and 4. 
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Figure 3: Change in number of workers in each age range for the total offshore 
workforce in the United Kingdom between 2006 and 2014 and between 2006 and 
2013.  http://oilandgasuk.co.uk/wp-content/uploads/2015/08/EM014.pdf 

 

Figure 4: Age profile of the offshore workforce in the United Kingdom, 2010 to 2014.  
http://oilandgasuk.co.uk/wp-content/uploads/2015/08/EM014.pdf 
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Economic Shocks 
 
 Recently, due to the increase in modern drilling technology, such as hydraulic 

fracturing and horizontal drilling, U.S. communities located near previously inaccessible 

reserves are experiencing large and sudden economic shocks (Jacobsen and Parker 2014, 

1093). Unfortunately, boomtowns frequently experience “too many unfilled jobs and not 

enough empty beds” (Sulzberger 2011; Jacobsen and Parker 2014, 1093) meaning that 

there are not enough laborers to work the oil field jobs, and not enough housing for 

current workers, or for other needs and wants. As is the case with many boomtown 

lifespans, inevitably the town’s residents will be confronted by a bust when profitable 

resource stocks become depleted, where accessible reserves are exhausted and/or prices 

become depressed (Jacobsen and Parker 2014, 1093).  
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IV. METHODOLOGY 

 This research employed geospatial pattern analyses and statistical testing to 

investigate boomtown growth and development related to petroleum and natural gas 

mining sites in two study regions in Texas: Eagle Ford Shale—a relatively established 

area of production in East Texas— and the more recent hydraulic fracturing operations in 

the Permian Basin in West Texas. The comparison of the two regions shed perspective on 

the extent to which the Permian Basin region may be experiencing boomtown growth 

much like the Eagle Ford Shale region. Multiple geospatial pattern analyses and 

statistical analysis assisted in understanding the relationships between active wells, 

demographics, and population within and between the two regions. The pattern analyses 

appear in maps created using a geospatial information systems program (a GIS) and are 

located in the Appendix section. The reader will be referred to the location of the 

appropriate map in explanations and discussions. The spatial and statistical analyses 

assist in the understanding the relationships that characterize boomtown growth and 

development, as discussed in the research literature. 

The Physical Geography of the Four Regions of Texas 

 Texas has an interesting and complex geology and geography that makes it an 

important target region for the petroleum industry. It runs about 790 miles from east to 

west, and 660 miles wide covering a variety of unique landscapes (Netstate). The 

petroleum industry pinpoints several different regions in the state where hydrocarbon 

deposits have been located and need extraction, as seen in Map A1. 

 Currently in the state of Texas, oil and natural gas mining continues to be a major 

industry producing significant economic benefits. According to the Oil and Gas 
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Financial Journal (2017), crude oil and natural gas drilling and development in Texas 

has embarked upon a new cycle of expansion. The Texas Railroad Commission has 

issued 3,257 drilling permits in the first quarter of 2017, which is 104.3% more than the 

first quarter of 2016, where only 1,594 permits were granted. Thus, from a geospatial 

viewpoint, the rapid increase in number of wells throughout the state is, ostensibly, 

altering the local and regional landscapes; and, these new patterns of well locations in oil 

and natural gas production, understandably, are generating massive impacts on local 

economies and social structures. 

 Physically speaking, Texas consists of 4 basic regions including, the: Gulf Coastal 

Plains, Interior Lowlands, Great Plains, and Basin and Range Province (TSHA 2018). 

The Gulf Coastal Plains region consists primarily of the eastern and southern areas of 

Texas and runs along the Gulf of Mexico. The Balcones Fault and Escarpment produces 

the “line” that divides the Gulf Coastal Plains from the rest of Texas. Landforms in this 

region range from pine belts consisting of mostly “Piney Woods” that support the 

majority of Texas’ commercial timber production, to the Lower Rio Grande Valley, 

locally known as “The Valley,” and contains deep alluvial soils conducive to growing 

citrus and winter vegetables (TSHA 2018). The Gulf Coastal Plains also include the Rio 

Grande Plain, which is partly prairie (TSHA 2018).    

 The Interior Lowlands region is located in the north and central areas of Texas. 

This region contains the North Central Plains that extend from the Backland Belt on the 

east, to the Caprice Escarpment on the west and from north to south the Interior 

Lowlands range from the Red River to the Colorado River (TSHA 2018). The Rio 

Grande Plains house the West Texas Rolling Plains, the Grand Prairie which is a 
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limestone-based area and typically treeless, as well as the Eastern and Western Cross 

Timbers (TSHA 2018).   

 The Great Plains may be found to the east of the Interior Lowlands and reach 

from the northernmost area of the panhandle of the state, and extend as far south as San 

Antonio, Texas. The region consists of the high plains which are vast, flat, high plain 

covered with thick layers of alluvial materials (TSHA 2018). The Great Plains region also 

contains the Edwards Plateau. The majority of the surface of the Edwards Plateau has a 

limestone-based soil covered with a medium to thick growth of cedar, small oak, and 

mesquite and a varying growth of prickly pear (TSHA 2018). The Great Plains region of 

Texas also includes Hill Country in the “eastern portion of the Edwards Plateau”. It is 

known for its large springs: such Barton Springs, San Marcos Springs, Comal Springs, 

and several springs located in San Antonio as well as many others located in the region. 

The Hill Country is noted for its rugged hills, thin soils overlying limestone bedrock. 

High gradient streams combine with steep hillslopes that pose a significant flash flood 

hazard in times of heavy precipitation (TSHA 2018). Also included in the Great Plains 

region is the Toyah Basin northwest of the Edwards and Stockton Plateau which may be 

found near the Pecos River Valley in west Texas. The basin is noted for agriculture as 

well as booming with oil and natural gas. The area reaps the economic benefits of this 

new petroleum activity. Also included in the Great Plains region is the Llano Basin, 

which geographically contains many recreational lakes in the state such as Lake 

Buchanan, Lake Travis, Inks Lake, and several others.  

 Finally, the Basin and Range Province region is found in the far west areas of 

Texas. The region incorporates the broad interior drainage basins interspersed with 
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scattered flat-block mountain ranges (TSHA 2018). The Basin and Range Province is 

composed of the Guadalupe Mountains, the Davis Mountains, Big Bend, and the Upper 

Rio Grande Valley.  All four regions presented above are depicted in Figure 5. 

Research Study Regions: Petrogeologic Locations in Texas 

 The four different regions coincide with many petrogeologic landforms associated 

with shale plays in the state of Texas, the: Haynesville/Bossier Shale, Eagle Ford Shale, 

Barnett Shale, Granite Wash Formation, and Permian Basin. The Gulf Coastal Plains 

region contains the Haynesville/Bossier Shale, and the Eagle Ford Shale. The Interior 

Lowlands region carries most of the Barnett Shale. Next, the Great Plains region houses 

the Granite Wash Formation, as well as the major portions of the Permian Basin located 

in Texas. Last, the Basin and Range Province region in total holds the remainder of the 

Permian Basin not found in the Great Plains region.  

 The research literature discusses the phenomenon of current petroleum and 

natural gas mining/drilling and their coagulated well patterns that plays a significant role 

in the contemporary geospatial and changing economic and social processes in the four 

different regions of Texas. Hypothesized geospatial alterations, and demographic changes 

that are occurring due to these regional mining patterns are displayed in maps that show 

local hot spots for well points, area hotspots for wells, concentrated active well densities, 

possible clustering patterns, as well as population densities, population hotspots, and 

demographic changes over time. 
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Study Area East: Eagle Ford Shale Play 

 The Eagle Ford Shale Play region may be found in the western portion of the Gulf 

Coastal Plains stretching south to the border of Mexico. The shale play is approximately 

400 miles long and 50 miles wide (Institute for Energy Research 2012, 1). The shale 

region includes all, or parts of the following counties: Atascosa, Bastrop, Bee, Brazos, 

Burleson, De Witt, Dimmit, Fayette, Frio, Gonzales, Grimes, Karnes, La Salle, Lavaca, 

Lee, Leon, Live Oak, Madison, Maverick, McMullen, Milam, Robertson, Walker, Webb, 

Wilson, and Zavala counties and appear in Map A2 (Texas Commission on 

Environmental Quality). Although the counties located within the Eagle Ford Shale 

region have been drilled in the past, the actual shale play, Eagle Ford Shale, was only 

discovered in 2008 by Petrohawk Energy Corporation and, currently, is where oil and 

natural gas are extracted through hydraulic fracturing (i.e., “fracking”) to reach the 

deeper deposits of oil and natural gas (Universal Royalty Company 2013). Considering 

that 2008 (which marks the beginning of the development of the Eagle Ford Shale region) 

is relatively recent, the shale play has, nonetheless, become one of the most active 

drilling areas in the world. Production of oil and gas from 2010-11 accounted for 85% of 

the total increase in Texas’ production in that period of time (Institute for Energy 

Research 2012, 1).   

 The economic impacts of this study region have been significant since its 

discovery and application of drilling in 2008. In 2011, Eagle Ford “oil and gas production 

contributed an estimated $25 billion in economic benefits” according to University of 

Texas at San Antonio, as well as supporting 47,000 local full-time jobs, and contributing 

$257 million to local government revenues, as well as $358 million in state government 
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revenues (Institute for Energy Research 2012, 2). 

Study Area West: The Permian Basin Region 

 The second study area for this research is the Permian Basin region, located in the 

western area of Great Plains region of Texas and the northern area of the state’s Basin 

and Range Province region. It is positioned in west Texas and spans about 250 miles 

wide and 300 miles long (Vertrees 2010).  

 The Permian Basin shale region consists of the following counties: Andrews, 

Bailey, Borden, Cochran, Coke, Concho, Crane, Crockett, Crosby, Culberson, Dawson, 

Dickens, Ector, Fisher, Gaines, Garza, Glasscock, Hockley, Howard, Hudspeth, Irion, 

Jeff Davis, Kent, King, Lamb, Loving, Lubbock, Lynn, Martin, Midland, Mitchell, 

Nolan, Pecos, Reagan, Reeves, Runnels, Schleicher, Scurry, Sterling, Stonewall, Sutton, 

Terrell, Terry, Tom Green, Upton, Ward, Winkler, and Yoakum Counties as depicted in 

Map A3 (Kohl 2015). Most of the Permian Basin is located to the south of the Llano 

Estacado and the northwestern portion of the Edwards Plateau, which are topographically 

high in altitude. On the west and south, the basin extends across the Pecos River Valley 

to mountain ranges in both New Mexico and West Texas” (Vertrees 2010). In Texas’ 

portion of the Permian Basin, “the first commercial oil well…was completed in 1921 in 

Mitchell County, on the east side of the basin” (Vertrees 2010). Although drilling in the 

Permian Basin took a 50% downturn starting in the 1970s to the early 2000s, in 2010 “the 

combination of hydraulic fracturing and horizontal drilling to tap into tight oil plays 

helped raise production back to its peak of 2 million barrels per day” (Kohl, 2015.). 

 Both study areas were analyzed as regions, and not by specific hydrocarbon 

deposits, as the actual regions have been drilled for years before the shale plays and 
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basins were ever able to have been approached. With modern technology of hydraulic 

fracturing and horizontal drilling, access to the actual Permian Basin and Eagle Ford 

Shale plays is now feasible.   

 The actual hydrocarbon underground landform known as, The Eagle Ford Shale 

Play, was first drilled by Petrohawk Energy Corporation in 2008 in La Salle County, 

Texas (Universal Royalty Company), while the first commercial deposit that the 

authentic hydrocarbon deposit branded as the Permian Basin was found in New Mexico 

in 1925 (Vertrees 2010). Rahm (2011) states that unconventional oil and gas from shale 

in the United States boomed after the early 2000s, corresponding with hydraulic 

fracturing’s improved economic viability combined with lax environmental regulations – 

especially in Texas, where oil and gas extraction is embedded into the state’s political 

culture (Murphy 2018, 27).  

 The data provided for this study displayed all the wells in Texas, before and after 

unconventional hydrocarbon production and the discoveries of the two hydrocarbon 

deposits, therefore this research looked at the study sites as regions, and not as specific 

landforms. 
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Figure 5.  Four basic geographical regions in the state of Texas.  
http://texasalmanac.com/topics/environment/physical-regions-texas 
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Data Collection 

 A local Texas company, UpstreamDB, was contacted to acquire all the records of 

hydrocarbon well locations throughout the state of Texas. The records were released for 

the benefit of this research which has contributed to assessing the location of each well 

over time, as well as, for knowing whether a well was active during certain selected 

years. All the wells ever drilled in the state were released for this project in an Excel file. 

There were 640,669 wells, past and present, consisting of attributes located spatially as 

latitude and longitude; these wells are plotted on map A1. Also, well production starting 

dates and well production ending dates were given for each well’s API number (i.e., 

American Petroleum Institute’s gravity number). This allowed the ability to plot each 

well as a point in ESRI’s ArcMap, using latitude and longitude. Then, a query was 

created to select the wells that were active for each study year. For the purpose of this 

research, only wells that were active until November 2017 were plotted in the active 

wells maps, because the data was acquired in April 2018, and is 6 months behind on the 

well production end dates.  

 The data for Texas’ counties and the Texas state boundary layers for ArcMap 

were downloaded from Texas Department of Transportation. American Factfinder from 

the U.S. Census Bureau provided the census data via census tracts for the years 1999-

2016. Simply Analytics provided population data via census tracts for the year 2017, as 

well as, all the demographics data in the categories of age, gender, median income, 

ethnicity, and unemployment for both counts and percentages for 2017. 

 For this thesis, maps were created that coincide with the data, past and present, for 

possible boomtown patterns, in the projection of North American Datum 1983 UTM 
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Zone 14N. This projection was chosen because it was the best fir for the two study 

regions; all the maps are executed in the same projection. 

 American Fact Finder, provided additional census data, specifically, for 

population per census tract, for the years 2009-2016, which was compiled to strengthen 

the assessment and discover conclusions. Population density maps were created by 

calculating the area of each census tract, then dividing population by census tract area.  

This resulted in population per census tract. Population density maps, and hotspot 

analyses mapped from the population density maps were created to understand 

population changes and trends over time. 

Methods and Technique 

 The geospatial and statistical analysis for this research began with the goal of 

discovering patterns of drilling locations and population characteristics that reflect 

boomtown growth in two active hydrocarbon mining regions in the state of Texas. With 

the current data acquired from UpstreamDB, the well locations were separated by year 

from the past 18 years. According to Murphy (as reported in Rahm’s article), 

“Unconventional oil and gas from shale in the United States boomed after the early 

2000s, corresponding with hydraulic fracturing’s improved economic viability combined 

with lax environmental regulations—especially in Texas, where oil and gas extraction is 

embedded into the state’s political culture” (Rahm 2011).  

Selection of Time Periods 

 The time periods began with the year 2000 as a convenience because it was a 

census year, but before 2002, where a marked increase began in the number of drilling 

permits approved by the state (Figure 6). It was also a benchmark year for the U.S. 
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Energy Information Administration’s attention to hydraulic fracturing in the United 

States.   

 The first boomtowns appeared in October 2008 in the Eagle Ford Shale Play, 

when the region began to produce 600 barrels of oil per day (Murphy et al. 2018) and was 

chosen as a benchmark year for this research. Also, 2009 was also chosen marking the 

beginning of the emergence of more boomtowns in the Eagle Ford Shale region. The 

choices of these years aided in the comprehension of growth after the first boomtowns 

began to bloom in Eagle Ford Shale.  

 The year 2011 was chosen as a benchmark year for the Permian Basin region, 

because it was the year before the Permian Basin really began to blossom into a 

powerhouse in the industry. It was also a staple year for Eagle Ford Shale, because it was 

the year where active wells dramatically increased. Figures 7 and 8 represent line graphs 

for the Eagle Ford Shale region, and the Permian Basin region, that represents the change 

in active wells over a period of time. As mentioned above, the data for creating the charts 

came from well data acquired from UpstreamDB, separated by year, as well as by well 

activity.   

 The Permian Basin region has recently exceeded the Eagle Ford Shale region, as 

well as other major plays in the United States, such as the Marcellus Shale Play in the 

northeastern region of the United States and, . . . “lead[s] the nation in production, 

pumping 18 percent of American crude in 2013” (Patterson 2015). Therefore, 2013 was 

also chosen as a staple year for study, for monitoring the progression of demographic and 

population development in the Permian Basin, as well as, for understanding the socio-

economic changes after the Eagle Ford Shale region began to decline. Figure 9 depicts 
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the impact that the Permian Basin has on Texas. There is a mimicking effect and 

relationship between total active wells in Texas and total active wells in the Permian 

Basin. 

 The year 2015 was also chosen as a staple year, because it was the year where 

there was a marked drop in active wells in the Permian Basin region, as well as total 

active wells in the state of Texas, as listed in Table 1. Although the number of active 

wells decreased dramatically in the year 2015 for the Permian Basin region, oil and 

natural gas production steadily increased, which is depicted in Figure 10. Consequently, 

the number of active wells in the Eagle Ford Shale region consistently increased over 

these years but had a large drop in the amount of oil produced beginning in 2015, as 

shown in Figure 11. The year 2017 was monitored, because it was the most current 

complete year for relevant data. Identical years of data were used for comparing the 

Permian Basin region against the Eagle Ford Shale region, to foreshadow any patterns 

that might have previously been observed in Eagle Ford. Maps were created using 

acquired data, past and present, and a GIS to identify the extent to which boomtown 

growth has occurred in Eagle Ford Shale and might be currently occurring in the Permian 

Basin region.  

Statistical Testing between Regions  

 In addition to geospatial mapping, Independent Samples T-tests were performed 

to analyze whether there were statistically significant differences between the two regions 

on selected demographic variables defined by the research literature in representing 

boomtown growth and development. This assisted in understanding the relationship of 

the two regions to the characteristics of boomtowns and made a regional conclusion to 
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decipher whether the regions were mirroring each other, or not, on boomtown 

demographic characteristics. Although the Eagle Ford Shale region is a relatively newer 

mining area, it is more established with recent unconventional hydrocarbon production 

(i.e., hydraulic fracturing), the geospatial analyses, performed from earlier time periods, 

represented the progression of boomtowns in the Eagle Ford Shale region in relation to 

the Permian Basin study area. The comparison analyses over time assisted in 

understanding and observing the formation of boomtowns in the two study regions. 

Mapping and Statistical Testing within Regions 

 The spatial and statistical methods were used to provide reliable results based on 

evidence and data comparisons. All maps were projected in the North American Datum 

1983 UTM Zone 14N projection, with the Eagle Ford Shale study region containing a 

map scale projecting 1:2,500,000, and the Texas portion of the Permian Basin region 

projecting a map scale at 1:3,000,000. Population density maps were created to show the 

measurement of population per census tract in the selected counties for each study region, 

from 2000-2017. These maps were presented in a quantile classification because they 

were: “best suited for these general choropleth map-reading tasks” (Brewer et al. 2002, 

674).  

 Next, a Getis-Ord Hotspot Analysis was chosen to discover population densities. 

This analysis was conducted to obtain a visual of areas where hotspots and coldspots 

were found over a period of 18 years as well as classifying natural breaks. This is because 

natural breaks classifications are best when, “mapping data values that are not evenly 

distributed” and also will “place clustered values in the same class” (ESRI, 2013). 



 

33 
 

 Next, active well maps for each benchmark year were generated for each study 

area, to show the change in wells, which is depicted by points, over the time span of the 

study. Then, the Getis-Ord Hotspot Analysis, which also classified in natural breaks, 

determined where all the hotspot and coldspot point data for active wells were located 

compared to population by time. This was done by taking all the active well data, per 

year, and integrating the active wells, per year, to 0.1 miles. Then, events were collected 

for the active wells for each study year for performing the Getis-Ord Analysis. 

 Subsequently, the Getis-Ord Hotspot Analysis, with a natural breaks 

classification, determined the area of active wells using census tracts, in relation to 

population density, to show the conjunction of hotspots between the two variables. This 

was accomplished by administering a spatial join of active wells to population density 

data per census tract, where the attributes were summarized via sum. A field was then 

added, called density, which was determined by dividing the “count,” or number of wells, 

divided by the “size” of the census tract.  

 A cluster analysis “capture[ed] the natural structure” of all the well location data, 

both historic and current, and analyzed the clusters of different petrogeographic regions 

in the state (Shimodaira, 2018, 1). The cluster analysis of active wells was selected to 

assist in predicting boomtown growth and reactions to patterns caused by wells in the two 

study areas. Both centroids and directional distributions were performed to interpret the 

changes in active well locations, for each study area. 

 Kernel density maps were created to identify different densities of active well 

growth or decline in the two study areas over time. This was the only raster map in the 

collection of analyses that was created. The area units that were chosen for the kernel 
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density maps, were in square miles, since all the integrations, and geometry calculations 

of census tracts and counties were finalized in miles or square miles. 

 A nearest neighbor analysis was performed to understand the extent to which 

patterns were occurring with each region between well locations, as well as, to determine 

whether they were clustered, random, or regular patterns. The Texas State University’s 

resources for research, literature, and journal articles, and ArcGIS was utilized at its full 

extent. 



 

 
 

 

Figure 6. Drilling permits approved by the Texas Railroad Commission from 1990-2017. 
http://www.texas-drilling.com/drilling-permits 
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Figure 7: The number of all active wells in the Eagle Ford Shale region, displayed by 
year from 1999-2017. 

 

 

Figure 8: The number of all active wells in the Permian Basin region, displayed by 
year from 1999-2017. 
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Figure 9: The number of all active wells in the state of Texas, displayed by year from 
1999-2017.  
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Table 1.  Number of active wells for total state and study regions, 1999-2017 

 

 

Year Tx Active Wells Active Wells in EF Active Wells in PB

1999 350753 22325 158079

2000 353459 22325 162162

2001 350295 22150 160497

2002 351024 22075 161297

2003 349594 22134 161119

2004 351772 22251 162217

2005 353075 22498 162174

2006 357262 22985 163153

2007 362554 23465 164471

2008 370988 23914 167457

2009 378860 24451 170957

2010 382020 24639 172814

2011 385558 25117 175230

2012 395346 28705 181024

2013 401328 32608 183889

2014 403280 36104 185338

2015 243805 37630 98584

2016 241600 38188 98863

2017 231332 36935 96730



 

 
 

Figure 10. The Permian Basin’s oil and natural gas production per year. 
https://www.eia.gov/petroleum/drilling/pdf/dpr-full.pdf 

 

Figure 11. The Eagle Ford Shale’s oil and natural gas production per year. 
https://www.eia.gov/petroleum/drilling/pdf/dpr-full.pdf 
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V. ANALYSIS 

 The analysis for this chapter was divided into Parts 1 and 2. The chapter begins 

with Part 1 which is a statistical analysis to establish whether there are statistically 

significant differences between the Eagle Ford Shale region and the Permian Basin 

region. The statistical analysis also considers whether the Permian Basin region is 

statistically greater than the Eagle Ford Shale region on demographic variables related to 

boomtown growth and development. Part 1 also presents descriptive data which supports 

the findings of the statistical testing. Part 2 is comprised of in-depth geospatial mapping 

and spatial statistic testing of the demographic variables within each region. Geospatial 

analyses consist of Active Well Analysis, Cluster Analysis of Active Wells, Nearest 

Neighbor Analysis of Active Wells, Kernel Density of Active Wells Analysis, Active 

Wells Point Density Hotspot Analysis (Gedis-Ord Hotspot and Coldspot Analysis), 

Active Well Area Hotspot Analysis, Population Density Analysis, Population Density 

Hotspot Analysis, Median Household Income Map Analysis, Unemployment Map 

Analysis, Gender- Male Map Analysis, Ethnicity-Hispanic Map Analysis, and Age 

Percentages Figure Analysis. Part 2 supports and enhances the results of Part 1 for 

understanding the differences between the regions, as well as, how the Permian Basin 

region might compare to the more established Eagle Ford Shale region in terms of 

boomtown growth and development.  

Part 1: Comparative Analysis between Regions 

 To determine whether there were statistically significant differences between the 

two regions, first, a two-tailed Independent Samples T-test was performed to assess 

whether the two regions differed significantly and, second a right-tailed, Independent 
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Samples T-test was conducted to test the alternative hypothesis there would be 

statistically significant increases on “boomtown” demographic variables for the Permian 

Basin region as compared to the Eagle Ford Shale region. By using ESRI’s ArcMap 

program, the statistics tool was utilized for each test for all demographic variables to 

calculate mean, standard deviation, and population size. These numbers were then 

inputted into Excel, where the t-test formula was programmed to achieve the t statistic, p-

value, and critical value.   

 For the first run, the null hypothesis stated that there would be no statistically 

significant differences between the means of the two study regions. Thus, if a critical 

value was smaller than the t statistic at the .05 level of significance, this would signify 

that the null hypothesis on the two-tailed test would be rejected. T-tests were conducted 

for population density and “boomtown” growth demographic variables by taking the 

means, standard deviations, and population sizes for each year and for each variable. The 

only variable not included in the t test was median household income, since the t-test is a 

test of means. The formula used to calculate the student’s t-test is specified below. 

 

 The results indicated that there was statistical significance between the two 

regions, and are shown in Table A136 for the mean, standard deviation, and population 

for each demographic used in each year. At the .05 level of significance, all “boomtown” 

demographic variables--population density, unemployment, gender, ethnicity, and age in 
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each study year from 2000 to 2017, were found to be statistically significant and, thus, 

the null hypothesis was rejected. This is also shown in Table A137, comparing the 

Permian Basin to the Eagle Ford Shale region. Based on these two-tailed t tests results, it 

may be concluded that there is a statistically significant difference between the two 

regions on all variables important in determining boomtown growth and development. 

Every variable for every year resulted in a p-value of 0, a critical value of 1.96, and a t-

statistic that exceeded the critical value.   

Ho: µ1 - µ2 = 0 (means of demographic variables between regions) 

Ha: µ1 ‐ µ2   0 (means of demographic variables between regions) 

 The results of the two tailed t-test did not adequately address the goal of 

comparing the extent to which one region might be increasing faster than the other. 

Therefore, the second round of t tests was an Independent Samples One-Tailed (right-

tailed) T-test: 

Ho: µ1 - µ2  0 (means of demographic variables between regions) 

Ha: µ1 ‐ µ2 > 0 (means of demographic variables between regions) 

 The complete run is given in in Table A138 and summarized in Table 2 below. In 

this case, the null hypothesis stated that the mean of the demographic variables that 

represent boomtown growth and development in the Permian Basin region, which 

contains the more recent growth, would be less than or equal to the Eagle Ford Shale 

region. However, results indicated that some variables such as population and 

unemployment consistently rejected the null for both the Permian Basin region and the 

Eagle Ford Shale region (except in the year 2000) leading to the conclusion that the 

Permian Basin region shows statistically significant increases. Other variables such as, 
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gender and ethnicity, failed to reject the null in every case given, and did not distinguish 

whether the Permian Basin exceeded Eagle Ford Shale on these variables. Age group 

variables showed where some years rejected the null and some failed to reject the null. 

The full results of the right tailed t-test are shown in table A138 while Table 2 gives 

comparisons only of the oldest study year (2000), to the youngest study year (2017). In 

both of those years, males, Hispanics, and age group 18-24 consistently failed to reject 

the null. Further, there was a statistical significance in differentiating the regions for 

variables population, unemployment, and most age groups throughout the years, except in 

2000. The complete results table for the right tailed t-test is shown in table A138. 

 
Table 2. Results of independent samples*, upper-tail T-tests between Permian Basin and 
Eagle Ford Shale regions on demographic variables that represent boomtown growth and 
development: Comparing the oldest study year (2000) to the youngest study year (2017). 
 
Variable t-statistic P 

(T<=t) 
t 

critical 
Reject/fail to 

 reject the null 

Population 2000 PB# 584.42 
EFS# -53.95 

PB# 0 
EFS# 1 

PB# 2.92 
EFS# 1.65 

PB# reject 
EFS# fail to reject 

Unemployment 
2000 

PB# 43.52 
EFS# -48.56 

PB# 0 
EFS# 1 

PB# 2.92 
EFS# 1.65 

PB# reject 
EFS# fail to reject 

Gender: Males 
2000 

PB# -327.42 
EFS# -922.83 

PB# 1 
EFS# 1 

PB# 1.65 
EFS# 1.65 

PB# reject 
EFS# fail to reject 

Ethnicity: 
Hispanics 2000 

PB# -764.57 
EFS# -1157.55 

PB# 1 
EFS# 1 

PB# 1.65 
EFS# 1.65 

PB# fail to reject 
EFS# fail to reject 

Age 18-24 2000 PB# 22.49 
EFS# -114.63 

PB# 0 
EFS# 1 

PB# 1.65 
EFS# 1.65 

PB# reject 
EFS# fail to reject 

Age 25-34 2000 PB# 286.81 
EFS# 233.04 

PB# 0 
EFS# 0 

PB# 1.65 
EFS# 1.65 

PB# reject 
EFS# reject 

Age 35-44 2000 PB# 376.68 
EFS# 361.73 

PB# 0 
EFS# 0 

PB# 1.65 
EFS# 1.65 

PB# reject 
EFS# reject 

Age 45-54 2000 PB# 343.6 
EFS# 339.18 

PB# 0 
EFS# 0 

PB# 1.65 
EFS# 1.65 

PB# reject 
EFS# reject 

Age 55-64 2000 PB# 316.08 
EFS# 273.33 

PB# 0 
EFS# 0 

PB# 1.65  
EFS# 1.65 

PB# reject 
EFS# reject 

Table 2 cont. on next page 
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Table 2 cont. 
 
Variable t-statistic P 

(T<=t) 
t 

critical 
Reject/fail to 

 reject the null 

Age 65-74 2000 PB# 248.97 
EFS# 189.21 

PB# 0 
EFS# 0 

PB# 1.65 
EFS# 1.65 

PB# reject 
EFS# reject 

Population 2017 PB# 897.48 
EFS# 1365.26 

PB# 0 
EFS# 0 

PB# 2.92 
EFS# 1.65 

PB# reject 
EFS# reject 

Unemployment 
2017 

PB# 88.2 
EFS# 107.81 

PB# 0  
EFS# 0 

PB# 1.65 
EFS# 1.65 

PB# reject 
EFS# reject 

Gender: Males 
2017 

PB# -730.94 
EFS# -1117.08 

PB# 1 
EFS# 1  

PB# 1.65 
EFS# 1.65 

PB# fail to reject 
EFS# fail to reject 

Ethnicity: 
Hispanic 2017 

PB# -875.63 
EFS# -1159.05 

PB# 1 
EFS# 1 

PB# 1.65 
EFS# 1.65 

PB# fail to reject 
EFS# fail to reject 

Age 18-24 2017 PB# -54.59 
EFS# -127.63 

PB# 1 
EFS# 1 

PB# 1.65 
EFS# 1.65 

PB# fail to reject 
EFS# fail to reject 

Age 25-34 2017 PB# 218.62 
EFS# 249.79 

PB# 0 
EFS# 0 

PB# 1.65 
EFS# 1.65 

PB# reject 
EFS# reject 

Age 35-44 2017 PB# 221.3 
EFS# 261.68 

PB# 0 
EFS# 0  

PB# 1.65 
EFS# 1.65 

PB# reject 
EFS# reject 

Age 45-54 2017 PB# 244.51 
EFS# 320.25 

PB# 0 
EFS# 0 

PB# 1.65 
EFS# 1.65 

PB# reject 
EFS# reject 

Age 55-64 2017 PB# 294.35 
EFS# 339.58 

PB# 0 
EFS# 0 

PB# 1.65 
EFS# 1.65 

PB# reject 
EFS# reject 

Age 65-74 2017 PB# 297.13 
EFS# 283.04 

PB# 0 
EFS# 0  

PB# 1.65 
EFS# 1.65 

PB# reject 
EFS# reject 

*Tested at the .05 Level of Significance 
 
  
Descriptive Statistics 

 Figures 12-21 provide a visual depiction of the means of counts for each 

“boomtown” demographic and show differences between the two regions from the 

benchmark year of 2000 and the most recent study year of 2017. This allowed for a 

descriptive understanding of the differences between the two regions and supported the t-

test results, as well. 

 In Figure 12, the difference in means of total population, 2000 and 2017, show 

that population growth is greater in the Permian Basin region than the Eagle Ford Shale 
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region. For population in the year 2000, the Permian Basin region had a higher count than 

the Eagle Ford Shale region. In 2017 the relationship flipped where the population was 

higher in the Eagle Ford Shale region compared to the Permian Basin. 

 Figure 13 shows decreased unemployment/increased employment for both Eagle 

Ford Shale and Permian Basin in 2000; however, in 2017, Permian Basin showed the 

lowest unemployment, that is, most increased employment for the two regions. 

Unemployment was always greater in the Eagle Ford Shale study region, possibly due to 

more diversity in jobs, and, perhaps, to past job creation from oil and gas production. 

Employment may be consistently lower in the Permian Basin region due to less industry 

in the region, with the main industry being the prosperous petroleum and gas industry. 

Note, however, that the lowest unemployment in 2017 between both regions was found in 

the Permian Basin region.  

 Figure 14 shows an increase in the mean of male numbers in the Permian Basin 

region overall between the youngest (2000) and oldest (2017) years; however, the mean 

numbers in males increased markedly for Eagle Ford Shale between the two time periods. 

The mean of males for both study years showed that the Permian Basin had substantially 

fewer males than the Eagle Ford Shale.  

 Figure 15 depicts increases in Hispanic ethnicity population numbers for Permian 

Basin; however, Eagle Ford Shale showed marked increases overall in Hispanic mean 

populations. For the demographic variable Hispanics, in 2000, the two study regions were 

almost even, but in 2017 the Hispanics increased in both regions, with the mean in the 

Eagle Ford Shale study region surpassing the Permian Basin by about 2.5 times. 
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 Figures 16 and 17, show that numbers in the age groups of (18-24) and (25-34) 

increased substantially in 2017 for both groups, with Eagle Ford Shale having the largest 

overall increase; however, Figure 18 shows that in 2017, age groups for 35 to 44 

increases for Eagle Ford Shale but decreases for Permian Basin. Between 2000 and 2017, 

age groups 45-54 increase in both regions. The effect on the oil and gas workforce would 

be ambiguous for this age group. Overall, there are higher counts in almost every age 

group for the Eagle Ford Shale study region compared to the Permian Basin.  The age 

group 65-74 in 2000 is still higher in the Eagle Ford Shale region, but the comparison 

between the two are much closer than the other age groups. 

 From these descriptive depictions, as well as results from t tests above, we may 

conclude that the overall difference between the Eagle Ford Shale region and Permian 

Basin region, is that the Permian Basin exhibits lower unemployment, hence, greater 

employment with a substantially younger workforce. On all other measures—male 

gender, Hispanic ethnicity, older workforce (Figures 18 and 19)—Eagle Ford Shale 

region shows greater increases.  

 Table 3 is a summary of all descriptive statistics of means derived from the 

comparisons. 
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Figure 12.  Mean population: Comparing 2000 and 2017. 

 

 

Figure 13. Mean unemployment: Comparing 2000 and 2017. 
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Figure 14.  Means of male gender counts: Comparing 2000 and 2017. 

 

 

Figure 15. Means of Hispanic ethnicity: Comparing 2000 and 2017. 
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Figure 16. Means of age group 18-24: Comparing 2000 and 2017. 

 

 

Figure 17. Means of age group 25-34: Comparing 2000 and 2017. 
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Figure 18. Means of age group 35-44: Comparing 2000 and 2017. 

 

 

Figure 19. Means of age group 45-54: Comparing 2000 and 2017. 
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Figure 20. Means of age group 55-64: Comparing 2000 and 2017. 
 

 

Figure 21. Means of age group 65-74: Comparing 2000 to 2017. 
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Table 3.  Summary of descriptive statistics of means derived from counts comparing 
Eagle Ford Shale and Permian Basin regions for the beginning and ending time periods.  

Demographic/Region Eagle Ford Shale 2000-2017 Permian Basin 2000-2017 

Population Increase two-fold Increase  

Unemployment Decrease Decrease 

Gender: Male Increase Increase 

Ethnicity: Hispanics Increase three-fold Increase 

Age 18-24 Increase  Increase 

Age 25-34 Increase  Increase 

Age 35-44 Slight increase Decrease 

Age 45-54 Increase Increase 

Age 55-64 Increase Increase 

Age 65-74 Increase Increase 

 

Part 2: Analysis within Each Region to Compare Regions 

 Part 2 supports the findings of Part 1 with in-depth geospatial mapping and spatial 

statistical analysis within each region. Active wells, population, and demographics 

develop over time with the influence of operating hydrocarbon production within Texas; 

therefore, several series of maps were created over the two study sites to determine the 

extent to which changes were occurring within each region. Then a comparative analysis 

between years was performed to understand changes that were occurring within each 

region. In addition, a correlation between variables was accomplished to determine if 

active wells were having an impact on demographics, representing characteristics of 

boomtowns, within each study region. As indicated earlier, these maps are found in the 
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appendix to this thesis, and the reader is directed to the specific map relevant to the 

analysis being discussed. 

Eagle Ford Shale Region 

Active Well Analysis: Maps A4-A9 

 Active wells in the Eagle Ford Shale study region tended to be consistent from the 

years 2000-2011, as shown in Figure 7, as well as, depicted in Maps A4, A5, and A6. 

There were very few differences between each map. After the year 2011, the number of 

active wells increased dramatically, until the numbers begin to plateau in 2015 and then 

slowly decrease in 2017. As exhibited in Figure 7 and Maps A7-A8, the dramatic boom 

in active wells from 2011-2015 is displayed. 

Cluster Analysis of Active Wells: Maps A10-A15 

 The cluster analysis maps demonstrated where the mean center, or centroids, and 

directional distribution of all the active wells were located. The mean center, according to 

ESRI, was a point constructed from the average x and y values for the input feature 

centroids. ESRI also states that the directional distribution measures whether 

a distribution of features exhibits a directional trend (whether features are farther from a 

specified point in one direction than in another direction) (ArcGIS 2016).  

As for the Eagle Ford Shale region, the mean center was in Wilson County on the 

northwest side, near the city of San Antonio. The centroid slowly traveled southwest 

from the years 2000-2011 (as displayed in maps A10-A12). The mean center slightly 

changed direction in 2013 and was located slightly northeast but remained completely in 

Wilson County for the 13 years. This was, most likely, the effect from the increase in 

active wells in 2013. In the years 2015-2017, as shown in maps A13-A15, the mean 
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center again moved southwest, and persisted to straddle the county line between Wilson 

and Atacosta counties. Although the centroid moved around from each study year, it 

resided in the same general area in the study region. 

The directional distribution in the Eagle Ford Shale region faced the same 

northeast direction throughout the 18 study years. From 2000-2013, Maps A10-A13, the 

directional distribution stretched from Robertson and Brazos counties in the northeast 

end, to across the Texas border near Laredo, ending in Mexico—southwest of Texas’ 

Webb County. In 2013, the directional distribution began to shrink, eventually just 

passing to the southwest of Burleson County on the northeast side of the directional 

distribution, growing closer to the Texas border on the southwest side in 2017 (Map 

A15). 

Nearest Neighbor Analysis of Active Wells 

 The nearest neighbor analysis determined whether distributions were clustered, 

random, or uniform. In this case, a nearest neighbor analysis was conducted on all the 

active wells in each study region to determine their geospatial neighbor patterns. If the 

nearest neighbor ratio was less than 1, the pattern displayed clustering; however, the 

closer that the ration was to 0, the more significantly clustered the pattern. In the case of 

the Eagle Ford Shale region, every year showed that the active wells were significantly 

clustered with the most significantly clustered year being 2017, and the least being 2013 

(Table 4). 
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Table 4: Nearest neighbor analysis for active wells in the Eagle Ford Shale Play across 
the 18 year time frame. 

Region Year  NN Ratio  Description  
Area 
(Meters^2) 

Eagle Ford 
Shale Play 

2000 0.333318 

Significantly clustered; <1% random chance 

71400456688 z-score: -190.57 

p-value: 0.000 

Eagle Ford 
Shale Play 

2009 0.347161 

Significantly clustered; <1% random chance 

71400456688 z-score: -195.29 

p-value: 0.000 

Eagle Ford 
Shale Play 

2011 0.368496 

Significantly clustered; <1% random chance 

71400456688 z-score: -191.47 

p-value: 0.0000 

Eagle Ford 
Shale Play 

2013 0.379631 

Significantly clustered; <1% random chance 

71400456688 z-score: -213.31 

p-value: 0.000 

Eagle Ford 
Shale Play 

2015 0.363405 

Significantly Clustered; <1% random chance 

71400456688 z-score: -236.24 

p-value: 0.0000 

Eagle Ford 
Shale Play 

2017 0.307486 

Significantly clustered; <1% random chance 

71400456688 z-score: -240.05 

p-value: 0.0000 
 

Kernel Density of Active Wells Analysis: Maps A16-A21 

Kernel density maps showed the density of the surfaces created from the active 

well point feature. The denser the wells were geospatially, the redder the area was on the 

kernel density map. Maps A16-A21 present the kernel density maps for the Eagle Ford 

Shale region between the study years of 2000-2017. The three maps showing the years 

2000, 2009, and 2011 did not change to any great extent from one to another. They had 

two large, very dense locations with one being in the northeast side of the Eagle Ford 

Shale region in Milam county, and the other found on west by southwest of San Antonio 
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near the border of Mexico, in Maverick, Zevala, and Dimmit counties. There was also a 

semi-dense cluster found just southwest of San Antonio in Atacosta County. Map A13 

revealed that densities began to increase in the midsection of the Eagle Ford Shale region 

and around the two dense clusters. As the years go by into 2017, the densities in the 

midsection became denser and larger, as depicted in A20-A21. 

Active Wells Point Density Hotspot Analysis: Maps A22-A27 

 The Getis-Ord Hotspot Analysis identified statistically significant spatial clusters 

of high values (hot spots) and low values (cold spots) (ArcGIS 2016). Maps A22-A27 

indicated active wells’ point density hotspots, showing individual clusters of wells as 

hotspots or cold spots. Again, the first three study years (2000, 2009, and 2011) were 

very similar, geospatially, since active wells did not change much between these years. 

There were small pockets of strong 99% confidence intervals for hotspots in the 

southwestern counties of Maverick, Zavala, and Dimmit, mimicking the kernel density 

map’s dense cluster. There were also hotspot pockets in Atacosta and Frio Counties and 

Wilson County just south of San Antonio, as well as in the bottom corner right of Webb 

County on the south side of the region. There were also two small hotspot clusters just 

southeast of the city of Austin in Bastrop and Gonzales counties, as well as east of Round 

Rock in Milam County. Most of these dark red clusters were surrounded by orange spots 

of 90-95% confidence levels. Lastly, coldspots were splurged throughout the region, with 

two main clusters of mostly 99% confidence intervals found in the northeast side of the 

Eagle Ford Shale region, and the southwest side. 

 From the years 2013-2017, the hotspots grew significantly and were spread 

through the southeast and central areas of the Eagle Ford Shale region. There was not 
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significant change in the northwestern portion of the region. These maps mirrored the 

kernel density maps, showing the correlation between density and hotspots. 

Active Well Area Hotspot Analysis: Maps A28-A33 

Maps A28-A33 portrayed Getis Ord area hotspots of active wells via census tracts 

in the Eagle Ford Shale region. In the benchmark year of 2000, there was a major hotspot 

that contained a majority confidence interval of 99%, located west of Round Rock. There 

was also a small hotspot area located in the east part of Frio County, with a 90% 

confidence level. On opposite corners (one in the northeast north of Houston in Walker 

County, and the other in the southwest near Mexico, there were two coldspots with a 95% 

confidence interval. In 2009, the coldspots decrease in confidence. The major hotspot 

west of Round Rock decreased in size by almost half, while the small hotspot southwest 

of San Antonio grew larger and stronger in confidence intervals. In 2011, there were no 

changes in coldspots, but the large hotspot east of Round Rock decreased in confidence, 

and the small hotspot southwest of San Antonio decreased to what it was in the year 

2000. The year 2013 represented the increase in the number of active wells and was 

shown in the hotspot analysis in Map A31. The coldspot in the southwest increased in 

confidence level, while the northeast coldspot remained unchanged. The hotspot west of 

Round Rock decreased in size on its southern portion while the hotspot in Frio County 

disappeared. On the other hand, a new large hotspot appeared on the map just southeast 

of San Antonio and increased in size and confidence over the next 4 years. Another 

hotspot developed on the west side of Dimmit County with a 90% confidence interval. 

Over the next 4 years, the coldspots generally became stronger, and a few small coldspots 

began to emerge in 2017. 
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Population Density Analysis: Maps A34-A39 

 Population density numbers, in this series of maps, included the number of people 

per census tract in the Eagle Ford Shale study region. From 2000-2009, the city of Laredo 

on the southern tip of the Eagle Ford Shale region, grew immensely in population. The 

area in the center portion of the study region also grew in population density, specifically, 

south of San Antonio in Wilson County, and East of Austin in Bastrop County. Between 

the years 2009-2011, there was a slight increase in population where some census tracts 

grew darker a shade, but this was not as significant as past years. Population then slightly 

decreased in the center of the study area from 2011-2013, and then, very few changes 

from 2013-2015. From 2015-2017, population density decreased even more, with most of 

the change happening in the central area of the Eagle Ford Shale region. Many census 

tracts that once were the most heavily dense, began to grow lighter in shade where 

density decreases. This may be because the number of active wells began to plateau in 

2015 and slightly decreased into 2017. This would have decreased the job opportunities 

in the region that would eventually lead to decreased population. 

Population Density Hotspot Analysis: Maps A40-A46 

 Maps for population density hotspot analysis were created using a Getis-Ord 

Hotspot Analysis which determined hotspots of population densities per census tract in 

the Eagle Ford Shale study region. The results of population density hotspots may be 

compared to the results of well area hotspot analysis to see and understand the 

relationship between populations and active wells. 

 In the case of the Eagle Ford Shale study region, the population density hotspot 

map for the year 2000 showed few similarities to the active well area hotspot map. In 
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Webb County, both population density hotspot and active well area hotspot maps 

represented a large coldspot within the study region. There was also a low confidence 

hotspot in Frio County for active wells, which was represented and enlarged in the 

population density hotspot map.  

There were major differences in the northeastern portion of the study regions. 

East of Round Rock, the population density hotspot map showed small spaced out 

hotspots and one large hotspot engulfing Walker County. Whereas the hotspot for active 

wells covered most of the area west of Round Rock, a coldspot covered Walker County. 

In the year 2009, Webb County’s coldspot was reduced in both active wells and 

population density hotspots, but the hotspot located southwest of San Antonio in both 

maps reflected one another. The hotspot for population density east of Austin grew and 

encompassed all of Bastrop and grew closer to the large hotspot (that contracted from 

2000-2009) for the active well area just east of Bastrop County. For population density, 

the hotspot just southwest of San Antonio decreased and grew weaker over time, yet the 

well area hotspot grows south and southeast of San Antonio grew very confident and 

increased in size. 

Median Household Income Map Analysis: Maps A46-A51 

 Median household income in the Eagle Ford Shale region, over time, gravitated 

towards increasing. As each map was produced, the values in the legends grew larger, 

and colors in the census tracts tended to cultivate a deeper green color over time, 

representing an increase in median household income. 

 From the years 2000-2010, the maximum median income increased by $31,543, 

and median income tended to grow in Webb County, as well as increasing in the central 



 

60 
 

and north central portion of the study region. There was very little change in depths of 

green from 2010-2013, but the values in the legend did increase in dollar amounts, 

resulting in a small increase in median household income. From 2015-2017, value in 

dollar amounts and deepness of green increased once again near the central and north 

central area of the Eagle Ford Shale study region. There were correlations between 

centroids of active wells and higher median income amounts. Most of the centroids over 

the years were located within Wilson County, and within that county, median household 

incomes remained high and grew higher over time.   

Unemployment Map Analysis: Maps A52-A57 

 For the series of unemployment maps, percentages were used to best understand 

the trends in unemployment over time for the Eagle Ford Shale study region. The data 

given by Simply Analytics from the years 2010-2017, were total (male and female) 

unemployment percentages per census tract. For the year 2000, total percent 

unemployment was not given, therefore, total percent unemployment was acquired with 

the formula displayed below: 

 

Total working population = (((100 - % unemployed male) (# unemployed male)) / % 

unemployed male) + (((100 – % unemployed female) (# unemployed female)) / % 

unemployed female) 

 

% Unemployment= (# total unemployment) / (total working population) 
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 When running the data for census tract CT002015, Brazos County, TX, either the 

percent unemployed female or the number of unemployed female was incorrect. When 

the formula was run, the result ended in a percentage that was higher than 100% so, 

therefore, there was an exclusion made for that one specific census tract. This census tract 

was located in the center of Brazos County, just west of College Station. 

 In 2000, the southwest portion of the Eagle Ford Shale region, including Zevala, 

Dimmit, and Maverick counties, and the southern part of Webb County, contained the 

lowest unemployment rates, but it had some of the lowest population densities. 

Unemployment decreased towards the center and northeastern portions of the study 

region. In the year 2010, unemployment increased throughout most of the study region. 

The values in the legend for percent unemployment increase the maximum percent 

unemployment from almost 36% to about 46% between the 10-year timespan. Areas in 

the southwest increased in unemployment, as well as areas east of Austin and Round 

Rock. In 2011, unemployment dropped substantially. The legend maximum decreased 

from 45.7% in 2010 to 28.2% in 2011. Also, the southwestern ranges of the region, as 

well as the areas east of Austin and Round Rock, decreased in unemployment. Their 

shades of purple were lighter than the year before in tandem with legend values that were 

smaller, thus indicating more decrease in unemployment. In 2013, unemployment slightly 

increased again in the southwestern portion of the study region. The year 2015 was a 

substantial year for the peak increase in active wells the Eagle Ford Shale region. The rise 

in active wells in the region reflected unemployment rates in 2015. Maximum 

unemployment rates dropped from 28.9% in 2013 to 8.5% in 2015. The correlation 

between active wells and unemployment is reflected in maps A55, A56 and Figure 7. In 
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2017, however, active wells in the region began to decrease slowly with unemployment 

beginning to increase. 

Gender- Male Map Analysis: A58-A63 

 For the gender maps, percent male per census tract was the variable used to 

decipher gender in a census tract. The Figure for males was the variable chosen because 

there are far more men who work in the hydrocarbon industry as compared to women. 

Also, the inverse of percent male in a census tract would show percent female.  

 In 2000, males dominated most of the Eagle Ford Shale study region, with the 

majority of census tracts representing percentages above 50%. Areas near and within 

Walker County and Bee County showed the highest percentage clusters of males. In 

2010, there was a decrease in the percentage of males across the study region, but there 

were more pockets of high percentage males sprinkled across the Eagle Ford Shale 

region. There were few changes from 2010-2011, mainly in Webb County where there 

were increases in the percent male population. In 2013, the percentage of males 

decreased in the northeast region near Leon, Burleson, Lee and Brazos counties, but 

increased in Le Salle County in the southwest. In 2015, the male population, again, 

increased across most of the region, even more so than it was in the year 2000. Most of 

the region was a variety of deep blues, depicting populations that were 49.8% to 100% 

male. This also may correlate to the increase in active wells from 2013-2015. With more 

active wells to work, more males would have been working which would, 

simultaneously, reflect a decrease in unemployment; in addition, median income would 

increase. There was not much change between 2015 and 2017.  
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Ethnicity- Percent Hispanic Map Analysis: Maps A45-A69 

 There was not much change in the percentage of Hispanics in the Eagle Ford 

Shale region over the 18 study years. The southwestern third portion of the study region 

had the highest and most consistent percentages of Hispanics in the region. The dark 

brown color began to fade into yellow as one travelled northeast. From 2000-2017 there 

were two small and high percentage of Hispanic pockets that appeared in Bastrop 

County, east of Austin, and in the southern portion of Bee County. Although the number 

of Hispanic residents did not appear to change significantly in the maps, the results of the 

bar chart in Figure 15, nonetheless, showed a 3-fold increase of the count in Hispanics 

over the 18-year time series. This, again, may be because the counties with high 

percentages of Hispanics already had higher numbers of Hispanic residents.  

Age Percentages Figure Analysis: Figures 12-17 

 Age percentage demographics were depicted as figures rather than maps because 

of the multiple age groups and counties. Age groups, along with their percentage values 

were only able to be displayed as charts where every variable could be presented. By 

using the “table to Excel” tool in ESRI’s ArcMap program, attribute tables for each study 

year for age percentage were exported into Excel and transformed into bar graphs to 

understand the different age groups in each county. Each age group had a consistent 

range of age (10 years), except for age group 18-24 which consisted of a range of 7 years. 

The 30% decrease in years must be taken into consideration when analyzing the charts. 

 Brazos and Walker Counties were consistently higher with the 18-24-year-old age 

group throughout the study time period of 18 years. Brazos County most likely had a 

large percentage of a younger age group due to College Station (home of Texas A&M 
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University) being located within the county. In Bastrop, Wilson, Atascosa, and Karnes 

Counties, there were major active well hotspots. This might be reflected in the age groups 

that were found within the counties. From 2000-2011, they remained relatively 

consistent, in a bell curve formation, with the highest percentages in age groups 25-34 or 

35-44. In 2013, there was a puzzling shift in highest percentage of age groups, which was 

from years 45-54, with 2017 growing older having the oldest age groups in the 55-64 age 

groups, with the exception of Karnes County which consisted of the highest percentage 

age group of 25-34.



 

 
 

 

Figure 22. Age percentage per county in the year 2000: Eagle Ford Shale region. 
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Figure 23. Age percentage per county in the year 2010: Eagle Ford Shale region. 
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Figure 24. Age percentage per county in the year 2011: Eagle Ford Shale region. 
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Figure 25. Age percentage per county in the year 2013: Eagle Ford Shale region.  
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Figure 26. Age percentage per county in the year 2015: Eagle Ford Shale Region  
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Figure 27. Age percentage per county for the year 2017: Eagle Ford Shale Region 
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The Texas Portion of the Permian Basin Region 

Active Wells Analysis: Maps A70-75 

 The Texas portion of the Permian Basin had just over 7 times the number of 

active wells as the Eagle Ford Shale region, as seen in Figure 8. Its impact on the state of 

Texas’ active wells is substantial, as shown in Figure 9. From the years 2000-2013, the 

Texas portion of the Permian basin region contained a steady increase in active wells. In 

2015, there was about a 50% drop in the number of active wells in the study region 

shown in Figure 8, Table 1, and Map A74, although production in the region still 

increases as seen in Figure 10. Most of the wells that ended production were located in 

the northern portion of the study region beginning at Gaines, Dawson, Borden, Scurry, 

and Fisher counties. Active wells also decreased in the far east and most of the far south 

counties of the Permian Basin region, as well as some central counties such as Sterling, 

Glasscock, and Midland Counties. This trend stayed consistent into 2017. 

Cluster Analysis of Active Wells: Maps A76-A81 

 The cluster analysis for active wells in the Permian Basin study region consisted 

of centroids and directional distribution. In the year 2000, the centroid was located in the 

southwestern part of Martin County. The directional distribution for that year had a very 

faint ellipse shape, facing north by northwest to south by southeast. From 2009-2011, the 

centroid traveled slightly south, straddling Martin and Midland Counties. The directional 

distribution was consistent between those study years, showing more of an ellipse shape 

than 2000, and faced northeast to southwest. In 2015, the centroid jumped to the western 

portion of Ector County where the directional distribution completely changed to a 

northwest to southeast direction and decreased in size substantially. Again, this was 
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because of the decrease in number of active wells in 2015. The year 2017 stayed 

consistent with 2015.  

Nearest Neighbor Analysis of Active Wells  

 A nearest neighbor analysis was conducted on the active wells in the Permian 

Basin study region. The study found that each year, the active wells in the study region 

were significantly clustered, with a less than 1% random chance. In 2015, the active wells 

showed that they were most significantly clustered throughout the time period, most 

likely due to the decrease in wells on the outer portions of the region. The active wells in 

the Permian Basin were even more significantly clustered than the active wells found in 

the Eagle Ford Shale study region (Table 5). 

 

Table 5. Nearest neighbor analysis of active wells in the Texas portion of the Permian 
Basin region. 

Region Year  
NN 
Ratio  

Description  
Area 
(Meters^2) 

Permian 
Basin 

2000 0.153759 

Significantly clustered; <1% 
random chance 

1.64724E+11 z-score: -651.93 

p-value: 0.000 

Permian 
Basin 

2009 0.167199 

Significantly clustered; <1% 
random chance 

1.64724E+11 z-score: -658.74 

p-value: 0.000 

Permian 
Basin 

2011 0.17207 

Significantly clustered; <1% 
random chance 

1.64724E+11 z-score: -663.02 

p-value: 0.000 

Table 5 cont. on next page 
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Table 5 cont. 

Region Year  
NN 
Ratio  

Description  
Area 
(Meters^2) 

Permian 
Basin 

2013 0.182351 

Significantly clustered; <1% 
random chance 

1.64724E+11 z-score: -670.77 

p-value: 0.0000 

Permian 
Basin 

2015 0.13741 

Significantly clustered; <1% 
random chance 

1.64724E+11 z-score: -518.13 

p-value: 0.0000 

Permian 
Basin 

2017 0.138339 

Significantly clustered; <1% 
random chance 

1.64724E+11 z-score: -512.68 

p-value: 0.0000 

 

Kernel Density of Active Wells: Maps A82-A87 

 The kernel density maps for the Texas portion of the Permian Basin showed the 

number of active wells per square mile. From 2000-2013, the maps remained relatively 

consistent, where the areas of highest density were located in the eastern side of the 

panhandle of Texas, running mostly north to south. The counties with the highest 

densities were found in Yoakum, Andrews, and Crane Counties. Well density decreased 

in 2015 to display the densest areas in the central/west area of the study region. The 

eastern portion of Crane County and Andrews County still contained the highest densities 

of active wells per square mile. Once again, 2017 was consistent with 2015. 

Active Wells Point Density Hotspot Analysis: Maps A88-A93 

 Active well point density hotspots remained consistent from 2000-2013. The 

major hotpot areas with 95% confidence ran north and south on the western portion of the 

Panhandle, to just south of the panhandle. There was also another hotspot region in the 

northern/central region of the study area. In 2015, well point density hotspots with 95% 
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confidence shrank to just a few counties, consisting of Andrews, Ector, Crane, Wrinkler, 

and Ward counties in the west central area, the south consisting Pecos County, and in the 

central east consisting of mainly Howard County. These point density hotspots were 

mimicked in 2017. 

Active Well Area Hotspot Analysis: A94-A99 

 Active well area hotspots in the Texas portion of the Permian Basin region were 

very large and sectioned off. There was one major hotspot and two major coldspots in the 

region from 2000-2013. The large hotspot was found in the western part of the region, 

near the Panhandle of Texas. It stayed mostly consistent from 2000-2013, and the 

majority of the hotspot had a confidence interval of 95%. The coldspots were located in 

the north and south east portions of the study region. They changed slightly over the 14 

starting years, with the coldspot in the north growing stronger over the years. In 2015 the 

hotspot shrank to about 6 whole counties and 3 partial counties in the central/west part of 

the study region. The majority of the hotspot remained mostly consistent at a 95% 

confidence interval. The coldspot in the east shrank in both size and confidence, while the 

coldspot in the north grew in confidence and size. This coldspot began to engulf counties 

just west of the ones that it already consisted of. 

Population Density Analysis: Maps A100-105 

 Population density in the Texas portion of the Permian Basin had fewer areas of 

high density populations compared to the Eagle Ford Shale study region. From 2000 to 

2009, population density did not change much. Although the maps appeared darker and 

denser in 2000 compared to 2009, the legends in 2009 contained higher densities per red 

shades. In Dawson County in 2000, most of the county contained a higher density around 
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the edges of the county and a weaker density in the center of the county, south of 

Midland and north of Lubbock. In 2009, that county became completely inverted in terms 

of population density, where the center of the county was very dense, and the outskirts of 

the county were weak in population density. Population density also grew in small 

clustered census tracts in Howard, Tom Green, and Lubbock Counties. From 2009-2011, 

population density remained consistent, except for a decrease in density in Ward and the 

northern half of Lynn Counties. The patterns were equivalent for the next 6 years. 

Population Density Hotspot Analysis: Maps A106-111 

 Population density contained one major hotspot found in the west/central portion 

of the study region, which was consistent throughout the study years, taking over 4 

surrounding census tracts to the east and west of it. Its confidence level remained at 95% 

for the majority of the hotspot. There were a few coldspots in the northeast that grew in 

size and confidence throughout the study years, as well as coldspots west of the hotspot 

that reduced in confidence over the study years. There were a few coldspots in the 

western tip and southern tips of the study region in 2000, which completely disappeared 

in 2009. 

 Population density hotspots mirrored active well hotspots. The hotspot for 

population density included a few counties smaller than those of the active well area 

hotspot but remained within the area of the active well area hotspot. This may be because 

the region was very homogenous, and lacks major industries other than petroleum; 

therefore, those who work in the oilfields must live close by, thus, resulting in patterns 

that were seen in the maps because there was not much else out there. 
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Median Household Income Map Analysis: Maps A112-A117 

 Median household income for the Permian Basin study region increased from 

2000 to 2010. The green shades in the maps grew darker, and the legend values increased 

in dollar amounts. Areas southeast, central, and west by north west increased the most, as 

well as north in Lubbock County. Loving County, southwest of the Panhandle, grew 

substantially in median household income. There was not much change from 2010-2011. 

In 2013, there was both increase and decrease in median household incomes, depending 

on the portion of the region. Loving County, and the counties in the southeast, decreased 

in median household income, while the central pocket of higher income grew into more 

surrounding census tracts. From 2013-2017, median household income tended to 

increase, again, with Andrews, Glasscock, and Borden counties increasing to the highest 

value of median household incomes. 

Unemployment Map Analysis: Maps A118-A123 

 Unemployment percentages were high in the Permian Basin study region in 2000, 

with the highest percentages located in Reeves County, just southwest of the Panhandle. 

In 2010, the percentages were halved in most areas where the maximum value from 

2000-2010 decreased from 55% to 25%. The highest unemployment percentage pockets 

were found in the far eastern tip of the study region in Hudspeth County, as well as 

Reeves, Wrinkler, Ector, and Lamb counties. In 2011, unemployment percentages rose in 

the eastern portion of the study area, taking over all of Hudspeth, Culberson, Jeff Davis, 

and Reeves Counties. From 2011-2013 unemployment increased in the south and eastern 

portions of the study area. Although there was a high number of active wells, there was 

also a high number of unemployed workers along with lower production (Figure 10). 
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From 2013-2015 unemployment percentage rates decreased by about three-fold. 

Although the number active wells reduced by half in 2015, production increased 

tremendously, requiring more workers in the fields. Although the map depicts high rates 

of unemployment (showed by the darkest shades of purple), the high values for the 

deepest shade of purple were only 4.46%-9.38% unemployment. Unemployment 

percentages slightly increased in the southern half of the Permian Basin region, and 

slightly decreased in the northern half from 2015-2017. 

Gender- Male Map Analysis: Maps A124-A129 

 The majority of the Texas portion of the Permian Basin from 2000-2013 had high 

percentages of male population. Areas in the west had large population percentages of 

males, such as Pecos, Jeff Davis, Reeves, and Loving Counties as well as Concho County 

in the east and Garza County in the north. From 2000-2013, there were pockets of higher 

male percentages, specifically near areas of active wells. In 2015 and 2017, the 

percentage of males decreased to 50.8% or fewer throughout much of the region, 

compared to earlier study years. There were still pockets of high male percentages in the 

southwest, which might be explained by the density of numbers of active wells found on 

the western part of the Panhandle, into the southwest portion of the study region. 

Although men made up the majority of the blue-collar workers in the petroleum industry, 

the decrease in males in 2015 might have been the outcome of a more established 

boomtown structure, bringing females such as wives and children into the area. Although 

percentages of males seemed high in some areas of the region, Figure 27 shows the mean 

of percentages from just below 50% in 2000 to just above 50% in 2017. This might be 
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explained by observing that areas with less percentages of males might have higher 

populations, which would even out the mean percentages. 

Ethnicity- Hispanic Map Analysis: Maps A130-A135 

 Ethnicity, specifically the Hispanic population, did not change significantly over 

the study time frame. From 2000-2017, the majority of the southern half of the Texas 

portion of the Permian Basin study region was dominated by people of Hispanic ethnicity 

at 50% or higher. There were some pockets of high percentages of these residents in the 

northwestern portion of the study region as well. Although Hispanic ethnic percentages 

do not change significantly, it did slightly increase, as indicated in a few census tracts 

located in Terrell and Crosby counties that grew in Hispanic percentages over time. 

Age Percentages Figure Analysis: Figures 28-33 

 Age percentages in the Permian Basin study region contained the most peaks in 

the 35-44 and 45-54 age groups throughout 2000-2010. In 2013, more peaks occurred for 

percentages in the 25-34-year-old age group in select counties such as Concho, Garza, 

Midland, and Reeves counties, and increased in other counties over time. There were tall 

peaks in the 18-24-year age group in Loving County and Jeff Davis County in 2013, and 

Terrell County added peaks in 2015. They stayed consistently high into 2017. Lubbock 

County most likely had a high percentage of the youngest age group due to Texas Tech 

University being located there. In 2017 there were also several peaks in the 45-54-year 

range in 2017.  
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Figure 28. Age percentage per county in the year 2000: Permian Basin region   
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Figure 29. Age percentage per county in the year 2010: Permian Basin region.  
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Figure 30. Age percentage per county in the year 2011: Permian Basin region.   
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Figure 31. Age percentage per county in the year 2013: Permian Basin region. 
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Figure 32. Age percentage per county in the year 2015: Permian Basin region.  
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Figure 33. Age percentage per county in the year 2017: Permian Basin region 
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Limitations of Data Collection 

 There were a few limitations concerning the data collection that impacted some of 

the analyses. The active wells data given by UpstreamDB was six months behind as to 

what was currently active. Therefore, from November 2017 to April 2018, there was not 

current data on whether the wells were active. For the purpose of this research, wells 

during that time period were not taken into consideration. Also, the given hydrocarbon 

well data did not provide what type of well was drilled, or on what exact petrogeologic 

landform they were drilling on. Therefore, this research looked at regions as a whole 

based on areas, and not specific petrogeologic landforms. There were many restrictions 

due to petroleum companies withholding their information and holding scientific findings 

private. Unfortunately, there was a major limitation of literature that could not be found 

over well patterns, as well as regional effects and footprints of patterns on the landscape. 

There was also a limitation on census and demographics data in the mid-2000s, therefore, 

the census data used for demographics skips from 2000 to 2010.  

The following chapter discusses the results and implications from statistical 

testing in Part 1 and geospatial analyses in Part 2.  
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VI. RESULTS 

The extent of the differences between the two regions in relation to well locations 

of hydrocarbon drilling and population and spatial demographics is substantial. Part 1 

consisted of a two-tailed Independent Samples T-test that revealed a statistically 

significant difference between the two regions for every demographic variable tested. The 

null hypothesis was rejected in every case. In addition, Part 1 called for an Independent 

Samples T-test for a One-tailed (Right-tailed) test was performed to establish that the 

Permian Basin region was experiencing greater growth on demographic variables, all 

variables except for male population, Hispanic ethnicity, and older age groups, were 

statistically significant. Part 1 also offered descriptive depictions, as well as results from t 

tests above suggest that the overall difference between the Eagle Ford Shale region and 

Permian Basin region, is that the Permian Basin exhibits lower unemployment, hence, 

greater employment with a substantially younger workforce. On all other measures—

male gender, Hispanic ethnicity, older workforce (Figures 18 and 19)—Eagle Ford Shale 

shows greater increases.  

Results from Part 2 included definite correlations between the different types of 

analyses and maps, with correlations within active well locations, demographics, and 

population density. By comprehending the historic well locations in the two studied shale 

plays in Texas when petroleum and natural gas mining really started to boom in the new 

millennium and reviewing at the current patterns that exist in the resource extraction 

regions, a conclusion may be produced that drilling and the correlated geospatial patterns 

of said drilling is causing the changes in population densities and creating possible 

boomtowns. This is proven in the hotspot analyses, cluster analyses, kernel density maps, 
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and nearest neighbor analyses that showed the relationships between variables. It may be 

assumed that the greatest population densities located in areas of high active hydrocarbon 

drilling were usually strongly correlated with boomtowns caused by these oil and gas 

wells. Results indicated that these regions were impacted demographically, and by 

population, because they were dependent variables who rely on active wells being the 

independent variable and show characteristics of boomtown generation. It was predicted 

that the Permian Basin’s population and demographics would rely heavily on active well 

patterns, because that is the largest, most impactful industry in the area, yet had smaller 

populations and is more homogenous, whereas the Eagle Ford Shale’s demographics and 

populations were impacted by active wells, but not so heavily. This knowledge could aid 

stakeholders and current residents in the area by having them be able to prepare for future 

impacts from hydrocarbon drilling and boomtown generation.  

After examining the differences between the two regions, it is possible to 

conclude that the more recent areas in the Permian Basin region as trending toward 

“boomtown” growth and development. Since the populations in west Texas were smaller 

and more homogenous, and the active well numbers were higher, the boomtown 

characteristics in the region showed much stronger more correlated relationships 

compared to the Eagle Ford Shale study region. 

Deciphering those differences have been identified, as well as the number of 

active well locations and changes in demographic characteristics within each region 

which gave perspective on the differences. For example, there was an eerie similarity 

between the hotspot analysis of population density in the Permian Basin study region, 

compared to the hotspot analysis of active wells in the same region. Unemployment rates 



 

88 
 

dropped dramatically over the years in the Permian Basin study region, when production 

rates increase. Also, median incomes increased throughout the region over the years as 

well. In the Eagle Ford Shale region, there were some correlations between the increase 

in active wells and the increase in the percent of male populations. Also, in the Eagle 

Ford Shale study region, population density hotspots mirrored active well hotspots. 

Overall, referring back to the two questions that guided this research, this research 

demonstrates that: 1) there are statistically significant differences between the two 

regions in relation to well locations of hydrocarbon drilling and population and spatial 

demographics, and 2) it may be concluded that, as compared to the more established 

Eagle Ford Shale region, the Permian Basin region is trending toward experiencing 

‘boomtown’ growth and development. Identifying whether or not the Permian Basin 

region may be undergoing boomtown growth as has happened in the Eagle Ford Shale 

region, will inform stakeholders in the Permian region that relatively fast and intense 

growth in population is highly likely. Anticipating this growth in population, and 

therefore, the concomitant greater need in transportation, law enforcement, housing, 

utilities, and other social services will be of value to leaders and planners in the public 

sector as well as businesses in the private sector. Thus, all stakeholders in the Permian 

region will be better able to prepare for future impacts from active hydrocarbon drilling 

and boomtown generation. 
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VII. CONCLUSION 

On the news, and in academic journal articles, hydraulic fracturing, i.e., 

“fracking,” as well as conventional oil and gas drilling is controversial. Frequent debates 

arise regarding its potentially harmful costs to the Earth’s natural environment as opposed 

to its massive benefits for the nations and Texas’ economy. The goal of this research was 

to explore how hydrocarbon production affects a region’s growth and development, 

primarily by comparing a shale play region that was drilled for a long period of time 

(Permian Basin) by conventional methods, fell off in production, but revived as a “new” 

oil and gas producing region given, “relatively new” and improved drilling methods in 

unconventional methods, relative to a shale play region (Eagle Ford) that was first 

developed using unconventional methods, and is now relatively “settled” to try to 

understand the differences and possibly be able to understand what may happen in highly 

productive future hydrocarbon drilling regions using even more improved unconventional 

technology. 

This thesis research has helped gain a better understanding of the economic 

impacts that the geospatial patterns of petroleum and gas mining shale plays have on 

regional geospatial patterns in the state of Texas. According to Murphy, “effects of 

unconventional oil and gas activities on the boomtowns near sites of extraction were not 

well understood’ (Murphy et al. 2018). As of right now, the body of knowledge consists 

of the economic effects that drilling has on the local economies around the nation, the 

environment impacts per individual well, or its global effects, but lacks in Texas regional 

economic geospatial impacts. Meng states that there is little to no analysis on the 

petroleum and natural gas mining landscapes, but research can be done to execute these 
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analyses and verify hypotheses. Therefore, research has aided in filling a gap in the 

current literature.  These analyses that have been conducted have also been able to 

estimate future impacts on regional environments, and additionally can be applied to 

other regions around the world. 
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VIII. LIMITATIONS OF STUDY 

The data of wells is limited to location and activity, and not types of wells. 

According to the U.S. Energy Information Administration, there were 23,000 

hydraulically fractured wells in the United States in 2000… [b]y 2015, there were an 

estimated 300,000 hydraulically fractured wells” (U.S. Energy Information 

Administration). Consequently, this research was a study of all active wells, whether 

unconventional or conventional, although, in the mid-2000s the unconventional 

technologies of hydraulic fracturing and horizontal drilling started to become popular in 

the industry, therefore, it was assumed that the industry was primarily powered by 

unconventional drilling after this year.  
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year/region 2000 EFS 2009/10 EFS 2011 EFS 2013 EFS 2015 EFS 2017 EFS 2000 PB 2009/10 PB 2011 PB 2013 PB 2015 PB 2017 PB

dem population population population population population population population population population population population population

mean 2322.56 4438.84 4503.83 4619.77 4729.41 4995.53 3140.74 3711.74 3761.98 3864.57 3969.93 4134.39

sd 2482.18 2057.2 2117.33 2216.97 2337.09 2371.99 1937.54 1890.21 1949.67 2039.11 2128.05 2257.78

n 703736 1344968 1364661 1409030 1442469 1523638 885689 1046811 1060877 1089809 1119519 1165897

dem unemployment unemployment unemployment unemployment unemployment unemployment unemployment unemployment unemployment unemployment unemployment unemployment

mean 133.06 145.72 142.31 158.44 75.08 99.21 102.02 94.11 92.55 113.82 54.23 87.32

sd 180.18 100.18 97.64 137.1 44.4 61.25 81.19 80.25 79.13 98.47 28.83 55.9

n 34483 44445 43405 48323 22899 30260 28769 26540 26099 32089 15292 24623

dem gender: male gender: male gender: male gender: male gender: male gender: male gender: male gender: male gender: male gender: male gender: male gender: male

mean 41099.77 51532.79 52255.41 54145.3 56443.61 58779.91 13716.57 15144.84 15283.78 15960.32 16155.46 16349.35

sd 104923.69 132618.04 134580.12 139980.7 146554.09 152956.02 42692.58 49890.2 50299.38 52606.64 52776.74 53294.89

n 2301587 2885836 2926303 3032137 3160842 3291675 232727 1029849 1039297 1085302 1098571 1111756

dem ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic

mean 13522.64 44958.57 43791.57 47790.71 48550.7 50426 14106.46 17815.68 17500.4 18593.76 18625.94 18848.87

sd 105017.92 145140.14 141421.29 154788.89 156271.4 162524.85 64309.23 80771.88 79852.72 84099.18 82765.44 83193.69

n 1765268 2517680 2452328 2676280 2718839 2823856 959239 1211466 1190027 1264376 1266564 1281723

dem age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24

mean 497.39 594.15 11395.96 591.96 606.46 615.27 398.82 467.11 3630.25 465.69 484.76 484.37

sd 704.82 784.9 29348.21 833.97 821.55 872.27 373.76 531.83 12278.4 564.89 549.81 568.31

n 151703 181217 638174 180548 184969 187658 112466 131725 246857 131325 136703 136592

dem age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34

mean 530.67 550.1 15809.8 606.11 640.04 669.84 442.71 645.44 3999.32 551.03 566.95 586.7

sd 341.4 359.78 45916.85 377.37 407.79 431.42 244.36 316.54 13903.78 352.22 365.42 381.6

n 161854 167779 885349 184864 195211 204302 124853 131254 271954 155391 159881 165448

dem age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44

mean 562.99 603.72 14887.48 581.12 570.77 583.15 522.34 474.66 3976.22 444.66 442.43 447.12

sd 300.59 363.51 39705.15 354.24 349.53 359.86 263.6 300.58 13872.59 265.39 268.94 275.45

n 171712 184135 833699 177243 174086 177862 147271 131854 270383 125393 124756 126088

dem age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54

mean 460.86 608.9 13920.88 621.89 603.61 596.46 435.09 524.3 4107.19 525.32 517.3 507.37

sd 241.96 352.9 35785.41 344.81 341.12 340.67 219.64 315.75 13281.37 306.07 309.41 308.17

n 140562 184517 779569 189677 184100 181921 122694 147854 279289 148141 145878 143079

dem age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64

mean 311.87 474.7 10143.68 531.73 565.77 589.37 295.26 391.24 3063.07 444.99 472.16 489.37

sd 165.34 620.82 25346.52 293.2 310.72 327.26 140.91 209.68 9381.07 243.8 259.82 273.03

n 95119 144782 568046 162177 172559 179759 83264 110330 208289 125486 133150 138002

dem age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74

mean 244.11 301.39 5859.77 328.07 390.96 427.34 244.78 259.56 2022.76 262.46 325.91 354.04

sd 144.15 176.52 13948.17 189.14 218.72 239.54 125.68 145.93 5958.02 132.83 166.91 182.46

n 74453 91926 328147 100061 119243 130338 69027 73197 137548 74013 91906 99839
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Year/Demographic Population t‐test 2000 Population t‐test 2009 Population t‐test 2011 Population t‐test 2013 Population t‐test 2015 Population t‐test 2017
t statistic 54.76 233.55 1717.29 1708.15 1688.62 1757.76

p‐value 0 0 0 0 0 0

N Eagle Ford 703736 1344968 1364661 1409030 1442469 1523638

N Permian Basin 885689 1046711 1060877 1089809 1119519 1165897

reject/fail to reject null reject the null reject the null reject the null reject the null reject the null reject the null

Year/Demographic Unemployment t‐test 2000 Unemployment t‐test 2010 Unemployment t‐test 2011 Unemployment t‐test 2013 Unemployment t‐test 2015 Unemployment t‐test 2017
t statistic 90.08 95.16 136.17 136.55 143.69 174.08

p‐value 0 0 0 0 0 0

N Eagle Ford 34483 44445 43405 48323 22899 30260

N Permian Basin 28769 26540 26099 32098 15292 24623

reject/fail to reject null reject the null reject the null reject the null reject the null reject the null reject the null

Year/Demographic Gender: Male t‐test 2000 Gender: Male t‐test 2010  Gender: Male t‐test 2011 Gender: Male t‐test 2013 Gender: Male t‐test 2015 Gender: Male t‐test 2017
t statistic 442.44 492.52 496.06 502.28 513.99 525.64

p‐value 0 0 0 0 0 0

N Eagle Ford 2301587 2885836 2926303 3032137 3160842 3291675

N Permian Basin 232727 1029849 1039297 1085302 1098571 1111756

reject/fail to reject null reject the null reject the null reject the null reject the null reject the null reject the null

Year/Demographic Ethnicity: Hispanic t‐test 2000 Ethnicity: Hispanic t‐test 2010 Ethnicity: Hispanic t‐test 2011 Ethnicity: Hispanic t‐test 2013 Ethnicity: Hispanic t‐test 2015 Ethnicity: Hispanic t‐test 2017
t statistic 245.97 312.03 306.55 322.02 329.85 338.14

p‐value 0 0 0 0 0 0

N Eagle Ford 1765268 2517680 2452328 2676280 2718839 2823856

N Permian Basin 959239 1211466 1190027 1264376 1266564 1281723

reject/fail to reject null reject the null reject the null reject the null reject the null reject the null reject the null

Year/Demographic Age Group 18‐24 t‐test 2000 Age Group 18‐24 t‐test 2010 Age Group 18‐24 t‐test 2011 Age Group 18‐24 t‐test 2013 Age Group 18‐24 t‐test 2015 Age Group 18‐24 t‐test 2017
t statistic 187.07 250.83 226.9 234.64 249.01 241.25

p‐value 0 0 0 0 0 0

N Eagle Ford 151703 181217 638174 180548 184969 187658

N Permian Basin 112466 131725 246857 131325 136703 136592

reject/fail to reject null reject the null reject the null reject the null reject the null reject the null reject the null

Year/Demographic Age Group 25‐34 t‐test 2000 Age Group 25‐34 t‐test 2010 Age Group 25‐34 t‐test 2011 Age Group 25‐34 t‐test 2013 Age Group 25‐34 t‐test 2015 Age Group 25‐34 t‐test 2017
t statistic 484.1 443.4 241.48 483.32 492.1 499.81

p‐value 0 0 0 0 0 0

N Eagle Ford 161854 167779 885349 184864 195211 204302

N Permian Basin 124853 131254 271954 155391 159881 165448

reject/fail to reject null reject the null reject the null reject the null reject the null reject the null reject the null

Year/Demographic Age Group 35‐44 t‐test 2000 Age Group 35‐44 t‐test 2010 Age Group 35‐44 t‐test 2011 Age Group 35‐44 t‐test 2013 Age Group 35‐44 t‐test 2015 Age Group 35‐44 t‐test 2017
t statistic 522.29 510.98 254.78 515.1 503.58 505.06

p‐value 0 0 0 0 0 0

N Eagle Ford 171712 184135 833699 177243 174086 177862

N Permian Basin 147271 131854 270383 125393 124765 126088

reject/fail to reject null reject the null reject the null reject the null reject the null reject the null reject the null

Year/Demographic Age Group 45‐54 t‐test 2000 Age Group 45‐54 t‐test 2010 Age Group 45‐54 t‐test 2011 Age Group 45‐54 t‐test 2013 Age Group 45‐54 t‐test 2015 Age Group 45‐54 t‐test 2017
t statistic 511.7 524.47 257.33 553.64 531.24 347.73

p‐value 0 0 0 0 0 0

N Eagle Ford 140562 184517 779569 189677 184100 181921

N Permian Basin 122694 147854 279289 148141 145878 143079

reject/fail to reject null reject the null reject the null reject the null reject the null reject the null reject the null

Year/Demographic Age Group 55‐64 t‐test 2000 Age Group 55‐64 t‐test 2010 Age Group 55‐64 t‐test 2011 Age Group 55‐64 t‐test 2013 Age Group 55‐64 t‐test 2015 Age Group 55‐64 t‐test 2017
t statistic 406.83 508.91 288.67 530.21 547.3 552.42

p‐value 0 0 0 0 0 0

N Eagle Ford 95119 144782 568046 162177 172559 179759

N Permian Basin 83264 110330 208289 125486 133150 138002

reject/fail to reject null reject the null reject the null reject the null reject the null reject the null reject the null

Year/Demographic Age Group 65‐74 t‐test 2000 Age Group 65‐74 t‐test 2010 Age Group 65‐74 t‐test 2011 Age Group 65‐74 t‐test 2013 Age Group 65‐74 t‐test 2015 Age Group 65‐74 t‐test 2017
t statistic 342.13 379.34 180.55 424.52 465.38 485.34

p‐value 0 0 0 0 0 0

N Eagle Ford 74453 91926 328147 100061 119243 130338

N Permian Basin 69027 73197 137548 74013 91906 99839

reject/fail to reject null reject the null reject the null reject the null reject the null reject the null reject the null

235 



 

 
 

 

year/region 2000 EFS 2009/10 EFS 2011 EFS 2013 EFS 2015 EFS 2017 EFS 2000 PB 2009/10 PB 2011 PB 2013 PB 2015 PB 2017 PB
demographic Population Population Population Population Population Population Population Population Population Population Population Population

t stat ‐53.95 1342.63 1316.7 1286.54 1229.41 1365.26 584.42 985.96 957.42 934.56 915.79 897.48

p value 1 0 0 0 0 0 0 0 0 0 0 0

t critical 1.65 1.65 1.65 1.65 1.65 1.65 2.92 6.31 6.31 6.31 2.92 2.92

reject/fail to reject the null fail to reject  reject  reject reject reject reject reject reject reject reject reject reject

demographic unemployment unemployment unemployment unemployment unemployment unemployment unemployment unemployment unemployment unemployment unemployment unemployment

t stat ‐48.56 95.83 95.31 34.22 104.56 107.81 43.52 28.14 27.4 27.92 108.95 88.2

p value 1 0 0 0 0 0 0 0 0 0 0 0

t critical 1.64 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65

reject/fail to reject the null fail to reject  reject  reject reject reject reject reject reject reject reject reject reject

demographic gender: male gender: male gender: male gender: male gender: male gender: male gender: male gender: male gender: male gender: male gender: male gender: male

t stat ‐922.83 ‐1038.66 ‐1046.43 ‐1067.76 ‐1093.15 ‐1117.08 ‐327.42 ‐706.75 ‐709.69 ‐725.71 ‐727.29 ‐730.94

p value 1 1 1 1 1 1 1 1 1 1 1 1

t critical 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65

reject/fail to reject the null fail to reject  fail to reject fail to reject fail to reject fail to reject fail to reject fail to reject fail to reject fail to reject fail to reject fail to reject fail to reject

demographic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic ethnicity: Hispanic

t stat ‐1157.55 ‐1095 ‐1081.08 ‐1130.84 ‐1136.61 ‐1159.05 ‐764.57 ‐857.9 ‐851.81 ‐875.84 ‐872.15 ‐875.63

p value 1 1 1 1 1 1 1 1 1 1 1 1

t critical 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65

reject/fail to reject the null fail to reject  fail to reject fail to reject fail to reject fail to reject fail to reject fail to reject fail to reject fail to reject fail to reject fail to reject fail to reject

demographic age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24 age 18‐24

t stat ‐114.63 ‐103.46 ‐488.66 ‐123.31 ‐112.6 ‐127.63 22.49 ‐44.17 ‐349.95 ‐63.64 ‐43.75 ‐54.59

p value 1 1 1 1 1 1 0 1 1 1 1 1

t critical 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65

reject/fail to reject the null fail to reject  fail to reject fail to reject fail to reject fail to reject fail to reject reject fail to reject fail to reject fail to reject fail to reject fail to reject

demographic age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34 age 25‐34

t stat 223.04 216.68 ‐616.96 260.62 251.64 249.79 286.81 376.44 ‐371.49 222.5 220.52 218.62

p value 0 0 1 0 0 0 0 0 1 0 0 0

t critical 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65

reject/fail to reject the null reject reject  fail to reject reject reject reject reject reject fail to reject reject reject reject

demographic age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44 age 35‐44

t stat 361.73 283.56 ‐570.71 269.64 264.11 261.68 376.68 210.3 ‐370.94 239.2 227.85 221.3

p value 0 0 1 0 0 0 0 0 1 0 0 0

t critical 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65

reject/fail to reject the null reject reject  fail to reject reject reject reject reject reject fail to reject reject reject reject

demographic age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54 age 45‐54

t stat 339.18 311.61 ‐539.46 349.97 330.16 320.25 343.6 253.97 ‐365.05 275.71 256.62 244.51

p value 0 0 1 0 0 0 0 0 1 0 0 0

t critical 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65

reject/fail to reject the null reject reject  fail to reject reject reject reject reject reject fail to reject reject reject reject

demographic age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64 age 55‐64

t stat 273.33 ‐89.56 ‐452.06 327.62 340.98 339.58 316.08 287.61 ‐307.37 292.33 289.22 294.35

p value 0 1 1 0 0 0 0 0 1 0 0 0

t critical 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65

reject/fail to reject the null reject fail to reject fail to reject reject reject reject reject reject fail to reject reject reject reject

demographic age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74 age 65‐74

t stat 189.21 214.48 ‐332.19 232.35 297.93 283.04 248.97 210.67 ‐244.96 265.5 288.79 297.13

p value 0 0 1 0 0 0 0 0 1 0 0 0

t critical 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65

reject/fail to reject the null reject reject  fail to reject reject reject reject reject reject fail to reject reject reject reject

A138: Upper Tail T-tests between Permian Basin and Eagle Ford Shale regions on demographic variable that represent boomtown growth and 
 development: Comparing the oldest survey year (2000) to the youngest study year (2017).  
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