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Abstract 

To support economic planning and development in Wyoming, the University of 

Wyoming (UW), the Wyoming Geographic Information Science Center (WyGISC) and the 

Wyoming Business Council (WBC) developed a series of over 150 maps intended to 

communicate various industry assets available in the state to leverage growth and development 

of associated industry sectors. This paper discusses the context and objectives of this project, the 

geographic information systems methodology developed for the creation of these maps, a 

critique of the maps, as well as a demonstration of their intended use.  

 

I. Context 

 Wyoming’s economy relies heavily on a limited number of industry sectors. The top five 

industry sectors: (1.) Mining, Quarrying, and Oil and Gas Extraction; (2.) Retail Trade; (3.) 

Transportation and Warehousing; (4.) Finance, Insurance, Real Estate, Rental, and Leasing; and 

(4.) Government make up 94% of the total gross domestic product for the entire state.1  This 

narrow portfolio has been a strong issue of public debate for decades because it is susceptible to  

volatile swings in economic conditions.  

 In November of 2016, Wyoming Governor Matt Mead announced the launch of the 

ENDOW Initiative (Economically Needed Diversity Options for Wyoming). The ENDOW 

Initiative aims to identify areas within the state of Wyoming that can be leveraged to 

accommodate growth and development in various economic sectors.2 The ENDOW Initiative 

was codified into state statute creating an organizational structure, timeline for deliverables, and 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"!Bureau of Economic Analysis, “Wyoming Bearfacts.” BEA.gov.    
<https://www.bea.gov/regional/bearfacts/pdf.cfm?fips=56000&areatype=STATE&geotype=3> (Accessed March 
20, 1018).!
#!ENDOW, “About Endow.” EndowWyo.biz. <https://www.endowyo.biz/about> (Accessed March 20, 2018).!!



! #!

a defined goal of identifying Business Development and Innovation Zones. Business 

Development and Innovation Zones are described in state statute as, “defined geographic areas 

within the state in which local, state and federal permitting and other regulatory requirements 

will be met for all or significant segments of industry located in the zone or in which industries 

or businesses would be benefitted substantially as a result of being located in proximity to each 

other!” 3 

ENDOW is managed by the ENDOW Council, a group of industry professionals selected 

by the state legislature; that was given a timeline of six months to deliver a preliminary report on 

the identification of potential Business Development and Innovation Zones (BDIZ). The 

ENDOW Initiative selected fifteen industry sectors of focus based on the two-digit North 

American Industry Classification System (NAICS) codes: 

•! Agriculture, Forestry, Fishing, Hunting (11) 
•! Mining, Quarrying, and Oil and Gas Extraction (21) 
•! Utilities (22) 
•! Construction (23) 
•! Manufacturing (31-33) 
•! Wholesale Trade (42) 
•! Retail Trade (44-45) 
•! Transportation/Warehousing (48-49) 
•! Information (51) 
•! Finance, Insurance and Real Estate (52-53) 
•! Professional and Business Services (54-56) 
•! Education and Health Care Services (61-62) 
•! Leisure and Hospitality (71-72) 
•! Other Services (81) 
•! Public Administration (92) 

 

For each of these industry sectors, Business Development and Innovation Zones were to be 

identified. 4  
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III. Objectives 

 There were two primary objectives for this project: 1) to develop a GIS (geographic 

information systems) methodology for mapping industry assets, and 2) to create maps to support 

the ENDOW Council in identifying potential BDIZ. The methodology for map development 

focused on asset identification, data collection, map development, and industry feedback. Over 

150 maps were created with over 500 hours of research and development; over 75 maps were 

ultimately published as a part of the ENDOW Socioeconomic Report. With support from the 

UW, WyGISC and the WBC, this project aimed to create maps to help convey the geographic 

environment for various industry sectors for the ENDOW Council to use in planning and 

development of Business Development and Innovation Zones. 

 

II. Methodology 

 In order to create maps to support the ENDOW council in identifying BDIZ, a GIS-based 

methodology needed to be developed. The methodology included asset identification, data 

collection, map development, and an industry review. This section discusses these components 

of the methodology and utilizes various maps created to help illustrate the various pieces of each 

step in the process.  

 

 a. Asset Identification 

The first step in this comprehensive process was determining what assets needed to be 

geospatially communicated within each economic sector. For each of the industry sectors listed 

above, assets were to be identified based on the level of importance to that industry sector. 
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Yet, every asset has a varying, subjective value to each industry sector and each 

individual business within that sector. For example, workforce was defined as a necessary 

component of the manufacturing industry. Having a large workforce is highly valuable for a 

manufacturer with little automation; whereas a highly automated manufacturing business may 

have very little need for a large workforce. This varying degree of utility for each industry asset 

was a hurdle for identifying assets appropriate to the evaluation of industry potential throughout 

the state.   

Through conversations with professionals from each sector, site selectors, and the WBC, 

assets were evaluated based on their general relevance to understanding the viability of the 

industry as a whole. If an asset was required for the survival of the industry or provided 

significant utility to the majority of the industry, it was identified as an asset to be mapped. 

Assets that provided nominal utility, or significant utility for only a small cohort of the industry 

sector were not identified as assets to be included in the map. By collaborating with the industry 

professionals that represented their particular industry sector and using this general framework 

for determining importance, a list of assets was identified to illustrate the most relevant assets for 

the evaluation of “business development and innovation zones” for that economic sector.  

 

 b. Data Collection 

After developing a preliminary list of relevant assets, data to geospatially communicate 

each of these assets was acquired and entered into a GIS mapping program. Data was gathered 

from a large variety of sources, processed and stored in a GIS database, and used to create 

appropriate map products.  
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The most utilized source was the Wyoming Geographic Information Science Center 

which provided readily available geographic data that was easily input into our GIS database.  

Many of the assets that industry professionals and the Wyoming Business Council 

identified, were not readily available as GIS layers and needed to be appropriately transformed. 

For instance, one of the assets identified for the Professional and Business Services industry 

sector was housing; in terms of both median home value and the availability of homes at a 

payment of thirty-percent of the median family income for each county in Wyoming. The 

Wyoming Community Development Authority had statistics on median home value and homes 

available at their respective costs. This data was taken in tabular form and entered into the GIS 

database by attributing each county’s housing statistics with the respective county on an already 

input county map, the map that was developed using this data can be seen in Figure 1.  

Figure 1, along with all of the maps in this paper, are the products of this research project, 

delivered to and published by the ENDOW Council. 

           The housing asset illustrates one example of the challenges experienced in data collection, 

however, nearly every asset required data interpretation in order to be input into the GIS 

database. There were numerous issues with scale, projection, and data creation that were hurdles 

to map development. 

Often data was at different scales; housing availability data was available at the county 

level while information on population was available at the census block level. When data was 

intended to be shown with a complimentary dataset at a different scale, it needed to be 

interpreted and modified to reflect the information at the same scale as the complimentary 

dataset. For example, the livability of cities was shown on a map with a dataset that included the 

population of those cities. The livability data was available at the city-level, while the population 
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data was available at the census block level. To reach a common scale, the population data was 

amalgamated for all census blocks within a city’s limits. The population data was summed 

together so that it could be communicated at the city-level scale with the livability data. 

 

 

Figure 1 illustrates the completed housing map for the Professional and Business Services 
industry with the median home value and housing shortage data provided by the Wyoming 
Community Development Authority being attributed to its respective county on the map5 

    

When data was already available in digital map form, there was often an issue of 

conflicting projection. Projection represents the way in which the three-dimensional locations of 

features on the earth are illustrated on a two-dimensional surface (i.e. map). There are many 

ways to project map data and when two datasets are mapped with different projections, they 

cannot be appropriately overlaid and compared as their locations in relationship to each other 
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will not accurately reflect their actual relationship on earth. All of the maps in this project were 

projected to the Wyoming Lambert Conformal Conic projection; thus, much of the data that was 

already projected needed to be re-projected in the WyLam projection. 

Lastly, there were many circumstances in which data was created to appropriately 

illustrate the assets for each industry sector. In many cases, data was input into the GIS system 

and leveraged to create new information. For example, one of the requisite assets for the 

manufacturing industry sector is workforce. Industry professionals indicated that the availability 

of workforce within a 60-mile commute radius is important for the determination of BDIZ within 

this industry sector. Data was available for the populations across census blocks in the State, but 

this does not show the availability of a population within a 60-mile commute. To accommodate 

this asset need, the population data was used to create a new dataset illustrating the workforce 

available to any given point. Within the GIS program, a buffer of 60 miles was created around 

each population block; for each point on the map, a count was performed to determine all of the 

buffers that overlapped that point and thus how many individuals were within 60-miles of that 

point. The resulting map shown in Figure 2 illustrates the created workforce availability data. 

Throughout the data collection process, data had to be leveraged to create new information to 

appropriately reflect the asset information required. 
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Figure 2 Population available within a 60-mile commute radius of any given point, used 
as a proxy to evaluate workforce availability6 

 

 c. Map Development 

 Once each of the relevant assets layers was input into a GIS database, these assets were 

utilized to create final maps. The purpose of these maps was to ultimately inform the ENDOW 

Council of the current environment for each industry sector within the state; the maps illustrate a 

variety of themes, custom fit to each industry sector. The fundamental challenge to developing 

these maps was determining a method to communicate the most important information without 

bias or extraneous information. Assets were communicated as individual maps, maps that 

illustrated multiple assets, and maps that illustrated the intersections of various assets.  
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 One of the simplest ways assets were conveyed, was by illustrating only one asset on an 

individual map. In the Mining, Quarrying, and Oil and Gas Extraction industry, one of the most 

important assets is the mineral resource itself. To communicate the geographic positions of these 

mineral resources, the resources were mapped on individual maps such as on Figure 3. Assets 

were mapped individually if they had only one important component to them (such as simple 

location) and were valuable to the understanding of the industry as a whole.  

 

Figure 3 metal and other non-metal resources in Wyoming7 

 

 Often, one particular industry asset required mapping to communicate various 

components of that asset. In the Mining, Quarrying, and Oil and Gas Extraction industry sector, 

the oil and gas asset required a map that communicated both the identified location of oil and gas 

fields as well as all of the active oil and gas drilling operations. To accomplish this, both of these 
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components were mapped together with Oil and gas fields being mapped in purple overlain upon 

the active oil and gas wells which were mapped in green as seen in Figure 4. Assets were 

mapped individually, illustrating various components if multiple components were necessary to 

the understanding of the asset.    

 

Figure 4 Oil and gas fields (purple) and active oil and gas wells (green)8 

 

 Assets were also mapped together with other complimentary assets. For example, in the 

Utilities industry sector; railroads, highways, and airports are all relevant assets that can fit 

within the theme of transportation. Figure 5 shows the Utilities transportation map including 
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multiple assets. Multiple assets were placed on one map if they were complimentary to each 

other or were thematically important to communicate together.  

 

Figure 5 Railroads, highways, areas within ten miles of both roads and highways, and airports 
based on amount of average operations per week9 

 
 

 Likewise, Figure 5 communicates an important analysis method used to communicate the 

geographic availability of different forms of transport. Here the railroads feature and highways 

feature were both used to create an area that illustrates the locations within the state that are 

within five miles of both a railroad and a highway. This task was performed by using the GIS to 

determine all of the points that were within ten miles of both highway and railroad features to 

build a buffer that illustrates these locations. Buffer analysis was performed throughout the 

development of the ENDOW maps as it was often important to illustrate the areas that were 
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within a specific distance of certain assets. This buffer analysis is an example of the previously 

discussed information creation process.  

Another way in which these assets were mapped, was by determining the intersection of 

multiple assets. In the manufacturing sector, three of the most fundamental assets identified 

were: access to railroad, access to highways, and access to a significant workforce. To determine 

the intersection of these three assets, the previously discussed ten-mile buffer of both railroads 

and highways in Figure 4 was intersected with a workforce map that represents the workforce 

population available within a sixty-mile commute as seen in Figure 6. The final map (Figure 6) 

was used to depict all of the areas that included access to both a highway and railroad within ten 

miles, and the total population of people available within 60 miles of that zone with a minimum 

of 2,500 people. 

 

Figure 6 Population available within a 60-mile commute radius of any given point, used as a 
proxy to evaluate workforce availability10 
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Figure 7 Intersection of railway and highway transportation within ten miles and small, 

medium, large, and very-large workforce11  
 

 Figure 7 also demonstrates some of the important communication techniques used in the 

development of these maps. Intersection maps in this project are intended to be the most 

informative maps for identifying BDIZ and as such are themed to effectively communicate this 

idea quickly. In the Manufacturing industry sector, access to transportation and workforce are 

both requisites, however, workforce can have a significant variance in scale. Figure 7 uses a 

color hierarchy to help differentiate areas with a more significant workforce from those of a 

lesser workforce. Light blue represents the smallest workforce cohort while bright red represents 

the largest workforce cohort with the respective transition colors representing a respective 

intermediate cohort of workforce. All of the intersection maps developed were designed with a 

similar color scheme to ensure a consistent understanding and assist the ENDOW council in 

understanding the intersection results. Figure 8 shows the intersection maps for Manufacturing, 

Professional and Business Services, and Education and Health Services. 
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Figure 8 Intersection maps for Manufacturing, Professional and Business Services, and 
Healthcare, respectively12  

 

 d. Industry Review 

 After all of the maps were developed, they were presented to the industry sector 

professionals for review. The primary purpose of this review was to ensure that 1) the maps were 

easily interpreted, and 2) that they effectively communicated the industry asset for the respecitive 

industry sectors. In most cases, this industry review process led to significant changes to the 
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maps developed as maps were not easily interpreted and often did not appropriately illustrate the 

respective industry asset.  

 Since these maps often communicated multiple industry assets, there were often 

challenges in ensuring that the appropriate colors, symbols, or methods of communication were 

used to help in interpretation of the map. For example, the housing map shown in Figure 1 shows 

two different datasets, both at the county level, related to housing: median home value and the 

shortage of units available. Both datasets are communicated differently; the median home value 

is communicated by the use of red circles that vary in scale depending on the median home value 

within that county while the shortage of available units is communicated based on a gradient 

color from tan to dark green. To determine these two methods of communication, this map was 

run through multiple iterations using different symbology, color, and scales to determine what 

was the easiest for the industry professionals to understand. In nearly all cases, this consideration 

of data representation was evaluated by industry professionals and prompted changes to the maps 

already created.  

 Similar to ensuring the maps were easy to interpret, it was important to ensure that the 

maps were appropriately interpreted in regard to the assets it was illustrating. In the 

transportation map shown in Figure 5, highways are shown as a method of transportation for 

automobiles. Initially, this map included all roads within the state of Wyoming; yet, when it was 

brought to the industry professionals for review, they explained that in many instances these 

roads were not truly accessible for most automobiles and misrepresented the availability for 

commuter or commercial transportation. Thus, the map was adapted to ensure it appropriately 

communicated the asset available by limiting it to highways. 
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Critiquing the Maps 

One of the biggest challenges in the development of these maps was determining a 

method for communicating the current environment of each industry sector without bias or 

misleading representation. For example, one of the issues identified for several industry sectors 

was the availability of internet service and particularly: broadband internet. Figure 9 shows an 

internet availability map that illustrates three primary forms of internet availability: satellite, 

terrestrial, and DSL or fiber broadband. This map was a draft map that illustrates coverage of the 

entire state of internet of some sort. However, without careful analysis it could be interpreted that 

there is sufficient internet coverage across the entirety of the state. This map is an example that 

communicates a bias understanding that there is a requisite level of internet available across the 

state when most industry professionals asserted that only broadband internet would be sufficient 

to support development in their industry sectors.       

 

Figure 9 Draft map of internet availability 
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 The alternative method for communicating the availability of internet was likewise 

biased, however. Figure 9 shows an internet availability map published for the evaluation of the 

Information industry sector. This internet availability map has been limited to show only areas of 

broadband internet access and differentiates the available download speeds by color. Although it 

does miscommunicate an availability of internet across the entire state, it does communicate a 

bias that implies no internet access other than the broadband areas shown. 

 Bias was a consistent challenge in the development of these maps and is inherent in many 

of the end products. Most intersection maps, as seen in Figure 8 communicate very limited areas 

where industries can exist while there are businesses in those industry sectors that do not fit 

within these intersections. The primary effort in developing these maps was focused on 

informing the ENDOW Council of the strengths and weaknesses of assets in the state and the 

maps are ultimately biased towards emphasizing these strengths and weaknesses.  

 Another issue with some of the maps is simply the amount of information that is being 

conveyed on a single map. Figure 10 is a map depicting the infrastructure for the Mining, 

Quarrying, Oil and Gas industry sector and shows: oil trunk lines, natural gas trunk lines, natural 

gas liquids trunk lines, CO2 trunk lines, natural gas hubs, petroleum refineries, natural gas 

processing plants, and areas within ten miles of a highway and a railroad. The amount of features 

on this map make it a challenge to read, analyze, and interpret. It is important that the geographic 

relationship between all of these assets is shown but the amount of assets make this map 

confusing and chaotic. To simplify this map, it should have been broken up into smaller 

categories based on resource or should have used different symbology and color to help identify 

the various assets. Figure 11 shows the  
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Figure 10 oil trunk lines, natural gas trunk lines, natural gas liquids trunk lines, CO2 trunk 
lines, natural gas hubs, petroleum refineries, natural gas processing plants, and areas within ten 

miles of a highway and a railroad13 
 

 
Example Manufacturing Report 

 Below is an example of how the asset maps could be used to evaluate a particular 

industry sector to identify potential Business Development and Innovation Zones. This example 

was not presented to the ENDOW Council and only works to communicate their potential use. 

All of the maps published to support the ENDOW initiative are available in the Endow 

Socioeconomic report available through endowyo.biz. 
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