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ABSTRACT 

The Chihuahuan desert is an ecologically diverse landscape and the largest 

desert in North America, covering parts of New Mexico, Texas, and northeastern 

Mexico. Urbanization, overgrazing, and water depletion threatens the viability of this 

ecosystem. For the protection of this desert and the wildlife and waterways within it, 

land conservation is integral. One land conservation strategy is the establishment of a 

land conservation easement. This type of easement is a voluntary agreement with a 

non-profit organization or government agency that prevents development and specifies 

best practices within the easement while the owner of the land maintains ownership. In 

response to the need of land conservation, this study utilizes a multi-criteria evaluation 

with weighted overlay technique to identify suitable and ecologically valuable land for a 

land conservation easement in El Paso County, Texas. Criteria for suitability was 

developed with Frontera Land Alliance, a non-profit conservation organization. GIS 

software was utilized to implement the multi-criteria evaluation with weighted overlay 

technique and map suitable conservation land in El Paso County. This study ranks all 

land within El Paso County based on a scale of five with one being the least suitable 

land and five being the most suitable land. Approximately 77,916 acres of land, 

equating to 12 percent of the land within El Paso County was ranked as a five in terms 

of high suitability. This study identifies the twenty-five most suitable parcels for a land 

conservation easement. The results of the study will help Frontera Land Alliance identify 

the most suitable parcels to pursue acquisition for a land conservation easement. 

 

Keywords: site suitability analysis, conservation, El Paso County, Chihuahuan desert, 

multi-criteria evaluation.  
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INTEGRITY AND ETHICS STATEMENT 

As GIS professionals we have an ethical obligation when researching, creating and 

or discussing cartographic products. As discussed by Joseph Kerski in his lecture titled 

Teaching Ethics in GIS, cartographic products are a formidable means of communication 

which viewers tend to believe often without diligent inspection (Kerski 2020). Maps can 

be intentionally or unintendedly distorted which has the potential to lead to harm and 

misinformation. The GIS Code of Ethics, published by the GIS Institute lists 4 obligations 

that one must consider while using and producing GIS products: an obligation to society, 

an obligation to employers and funders, an obligation to colleagues and profession, and 

an obligation to individuals in society (GIS Certification Institute 2021). 

An ethical consideration of GIS similar to other scientific research is that research 

is often built off of or supported by the research of others. With this in mind, it is 

important to give credit and cite all work used for a study. Additionally, it is important to 

provide the results of that study to the public for further research and analysis. While 

providing data to the public, it is important to include metadata, which will list credits and 

limitations of the data.   

With the paper presented below several ethical considerations must be made. 

This paper provides the most suitable parcels for a conservation easement based on 

the four criteria used for analysis. It is important to note that the results are not 

definitively the most suitable parcels for a conservation easement but just the most 

suitable based on the input criteria. If different criteria were used to determine suitable 

parcels not only are different results possible but different results are likely.  

Additionally, it is important to note that all four criteria used to determine the 

analysis output were derived from other sources as discussed in the data and methods 
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section below. Each of the datasets used has its own limitations, such as spatial 

resolution and date. This analysis was created with the best intentions in mind without 

intent to mislead the public or present invalid information. All previous studies used for 

this analysis are cited. A goal of this paper is to aid in the contribution to the scientific 

field as previous studies have contributed to this analysis.  

 

 



9 

INTRODUCTION 

The Chihuahuan Desert is considered one of the most diverse desert 

ecosystems in the world and the most diverse in the Americas (NPS 2022). It is also the 

largest desert in the Americas, extending from the southwestern United States to 

northeastern and central Mexico (WWF 2021). This desert is home to a wide array of 

plants and animals that extend into the variety of habitats due to its unique and varied 

topography and climate. Desert scrub and grasslands can be found in the lowlands of 

this desert while confer woodlands are found at higher elevations (Beck & Gibbens 

1999).  

The fertile grasslands drew the attention of Spanish and later American settlers 

who saw this habitat as potential cattle grazing land. The 19th century saw a dramatic 

rise in grazing activity in the Chihuahuan Desert (Hoyt 2002). Cattle, sheep, and goats 

became abundant in the area and by 1990, over 9 million herd animals could be found 

in west Texas, compared to 500,000 in 1830 (Hoyt 2002). Droughts became more 

frequent in the 20th and 21st centuries, leading to a decline in grasslands for the 

abundant stock of herd animals (Hoyt 2002). Urbanization has also strained the desert 

as communities have grown and land has been developed (Beck & Gibbens 1999). 

Considering the dramatic stress on land within the Chihuahuan Desert and the 

importance of this ecosystem, land conservation is essential to the region. Conservation 

of land can be sought through several forms of protection: one type is a land 

conservation easement. A conservation easement is a legal agreement reached with a 

landowner, which limits the use of land to protect its conservation value. Conservation 

easements may still allow for certain land uses on the protected land such as grazing, 

with conditions ensuring best-practice. Land conservation easements are often 
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attractive for landowners as the land remains private and can provide valuable tax 

benefits to the owner (NCED 2022).  

A 2001 study conducted by Esteban H. Muldavin, Paul Neville and Glenn Harper 

sought to identify biodiversity values in the Chihuahuan Desert to ultimately identify 

conservation sites. This study used remote-sensing technology to develop indices for 

landcover and general biodiversity. This study was a success in its goal of developing a 

relatively simple index that has a direct relationship to biodiversity factors integral for 

conservation planning (Muldavin, Neville, & Harper 2001).  

A 2008 study conducted by Fernanda Figueroa and Victor Sánchez-Cordero 

evaluated protected land in Mexico and the effectiveness of its protection in preventing 

land use/land cover change. They developed an index to measure the effectiveness of a 

natural protected area (NPA) in preventing transformation of land use/cover, rate of 

change within NPA’s, the comparison of the rate of change within NPA’s compared to 

the area surrounding NPA’s, and between NPA’s and the state in which an NPA is 

located. This study found that over 54% of NPA’s were effective in preventing land 

use/land cover change, 23% of NPA’s were regarded as weakly effective and the 

remaining 23% of NPA’s were regarded as non-effective (Figueroa and Sánchez-

Cordero 2008). The results of the study suggest that while the NPA’s established in 

Mexico face significant challenges and issues they are still effective in conserving land 

use and land cover (Figueroa and Sánchez-Cordero 2008). 

Conservation of land within the Chihuahuan Desert is essential to protect the 

plants, wildlife and resources of this region. This study seeks to identify suitable parcels 

for a potential land conservation easement in El Paso County, Texas using Multi-Criteria 
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Evaluation (MCE). Objectives of this study include measuring quantifiable conservation 

values for the entirety of El Paso County and to provide Frontera Land Alliance 

(Frontera) the 25 most suitable parcels for a land conservation easement based off the 

results of the analysis. The overall goal of this study is to provide Frontera viable 

options for a land conservation easement and to narrow the scope for further research 

in determining the best possible parcel(s) to move forward with a conservation 

easement acquisition proposal.  
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DATA & METHODS 

Study Area 

The study area for this project is the county of El Paso, Texas. For the purpose of 

this analysis, the study area encompasses approximately 648,367 acres of land located 

on the western border of Texas. The Chihuahuan Desert encompasses the majority of 

El Paso County and stretches from southern New Mexico to approximately 250 miles 

north of Mexico City, covering nearly 250,000 square miles (NPS 2022). Unfortunately, 

this diverse desert is endangered due to population growth and overgrazing in the 

region (WWF 2021). This paper will examine the land cover, land use and landscape of 

El Paso County to determine valuable land that should be conserved under a land 

conservation easement. The study area is spatially depicted below along with 

information on the county boundary metadata (Figure 1, Table 1).  
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Figure 1. El Paso County. 
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Table 1. Metadata for El Paso County Boundary  

Official Name of Dataset Texas County Boundaries Detailed 

Year of Publication and/or last update 08/12/2016 

Author and/or Owner Texas Department of Transportation 

URL or FTP address of the repository https://gis-
txdot.opendata.arcgis.com/datasets/texas-
county-boundaries-
detailed/explore?location=31.011900%2C-
100.077018%2C6.00 

Description This dataset contains Texas county 
boundaries. The dataset was used to 
delineate the boundary of El Paso County. 

Coordinate System WGS 1984 

Projection System  N/A 

Spatial Resolution  N/A 

Type of Geometry Polygon 

 
Data 

Data utilized for this project was downloaded from a wide variety of sources 

including websites of state or federal agencies and private sources that do not publicly 

post their GIS data. The types of data used for this study were either used to determine 

the study area or as criteria for analysis. The data utilized to determine the study area 

included the El Paso County boundary (Figure 1; Table 1) and the boundaries of the 

existing preserved land (Frontera Conservations and Texas State Parks).  

WestLand Resources provided spatial data on behalf of Frontera of all the existing 

conservation easements that Frontera manages (Figure 2, Table 2). Texas State Park 

boundaries were downloaded from the Texas Parks & Wildlife State Parks Division 

website (Figure 3, Table 3). These two datasets will help during analysis to determine 

what land is already under conservation protection which will limit the study area.  
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Figure 2. Frontera Managed Property. 
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Figure 3. Texas State Parks clipped to El Paso County. 
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Table 2. Metadata for Frontera Managed Property 

Official Name of Dataset Frontera Conservation land 

Year of Publication and/or last update 2021 

Author and/or Owner Westland Resources and Frontera Land 
Alliance 

URL or FTP address of the repository n/a 

Description This layer displays land managed by 
Frontera Land Alliance. Frontera 
manages 6 properties, all of which are 
located in El Paso Texas. 

Coordinate System NAD 1983, UTM Zone 13N 

Projection System  Transverse Mercator 

Spatial Resolution  N/A 

Type of Geometry Polygon 

 
Table 3. Metadata for Texas State Park Boundaries  

Official Name of Dataset Texas State Parks Boundaries 

Year of Publication and/or last update 02/04/2022 

Author and/or Owner Texas Parks & Wildlife State Parks 
Division 

URL or FTP address of the repository https://tpwd.texas.gov/gis/ 

Description This dataset contains all of the Texas 
state park boundaries. 

Coordinate System WGS 1984 Web Mercator (auxiliary 
sphere) 

Projection System  Mercator Auxiliary Sphere 

Spatial Resolution  N/A 

Type of Geometry Polygon 
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The goal of my analysis was to identify land suitable for a Frontera conservation 

easement. Suitable criteria for a conservation easement were developed with Janaé 

Reneaud Field, Executive Director of Frontera on January 13, 2022, and includes the 

four criteria. 1.) land located on large parcels (generally, land greater than 50 acres in 

size), 2.) land that is generally undisturbed (can include grazed land), 3.) land that is of 

value to nature (animal and plant habitat, containing hydrologic feature(s), nature view), 

and 4.) land that could potentially serve as recreational land for the public. Based on 

this discussion, four datasets were utilized for analysis: El Paso County parcel data, the 

National Land Cover Dataset (NLCD), U.S. Census Bureau population data, and the 

National Hydrography Dataset for the Rio Grande region.  

El Paso County parcel data was downloaded from the El Paso Central Appraisal 

Districts website. This dataset provided parcel acreage for the study and helped 

determine land ownership. The spatial representation of this dataset and metadata of 

the data are presented below (Figure 4, Table 4). 
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Figure 4. El Paso County parcel data. 

 



 

20 
 

Table 4. Metadata for El Paso County Parcel Data  

Official Name of Dataset El Paso County Parcel Data 

Year of Publication and/or last 
update 

10/05/2021 

Author and/or Owner El Paso Central Appraisal District 

URL or FTP address of the 
repository 

https://epcad.org/OpenGovernment#shapefiles 

Description The El Paso County Parcel Data dataset 
contains all the parcel data within the County 
of El Paso. Additionally, this dataset contains 
zoning of each parcel and parcel ownership. 

Coordinate System NAD 1983 StatePlane Texas Central FIPS 
4203 (US Feet) 

Projection System  Lambert Conformal Conic 

Spatial Resolution  N/A 

Type of Geometry Polygon 

 

The Multi-Resolution Land Characteristics Consortium (MRLC) dataset was 

utilized for this study to determine land disturbance, general land cover and general 

habitat. This dataset will be used to identify land that is not developed and potentially of 

value to plants and wildlife (Figure 5, Table 5). 
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Figure 5. NLCD 2019 Land Cover (CONUS) dataset clipped to El Paso County. 
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Table 5. Metadata for National Land Cover Dataset (NLCD) 

Official Name of Dataset NLCD 2019 Land Cover (CONUS) 

Year of Publication and/or last update 2019 

Author and/or Owner Multi-Resolution Land Characteristics 
Consortium (MRLC) 

URL or FTP address of the repository https://www.mrlc.gov/data 

Description The NLCD dataset provides nationwide 
land cover data, split into 16-classes. The 
classification is based on a modified 
Anderson Level II classification system.  

Coordinate System WGS 1984 

Projection System  N/A 

Spatial Resolution  30 Meter 

Type of Geometry Raster 

 

Given the arid environment of El Paso, water is a precious resource to humans, 

plants, and wildlife. The National Hydrography dataset was downloaded from the United 

States Environmental Protection Agency (USEPA) website. This dataset represents 

hydrology of the region (Figure 6, Table 6). 
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Figure 6. U.S. EPA’s National Hydrography Dataset clipped to El Paso County. 
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Table 6. Metadata for Hydrology  

Official Name of Dataset National Hydrography Dataset- Rio 
Grande Data 

Year of Publication and/or last update 03/02/2019 

Author and/or Owner United States Environmental Protection 
Agency (USEPA) 

URL or FTP address of the repository https://www.epa.gov/waterdata/nhdplus-
rio-grande-data-vector-process 

Description This dataset contains the major drainage 
areas of the Rio Grande area, 
encompassing El Paso Texas, other 
sections of Texas and sections of New 
Mexico. 

Coordinate System NAD_1983_Albers 

Projection System  Albers 

Spatial Resolution  1 Meter 

Type of Geometry Raster 

 

As discussed above, a goal of Frontera is to provide outdoor recreational 

opportunities to the community. With this goal in mind, it is important to consider where 

people reside within El Paso County and the level of access that a conservation 

easement provides to its surrounding population. U.S. Census Bureau population data 

was downloaded from the Census Bureau’s website with the purpose to identify 

populated regions within El Paso County (Figure 7, Table 7). 
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Figure 7. U.S. Census Bureau population data clipped to El Paso County. 
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Table 7. Metadata for U.S. Census Bureau Population Data 

Official Name of Dataset TIGER/Line with Selected Demographic and 
Economic Data 

Year of Publication and/or last 
update 

2019 

Author and/or Owner United States Census Bureau 

URL or FTP address of the 
repository 

https://www.census.gov/geographies/mapping-
files/time-series/geo/tiger-data.html 

Description This dataset contains census data on 
population, sex, age, ethnicity, etc. I will be 
using this data specifically for population 
counts by block group in El Paso County 

Coordinate System NAD 1983 

Projection System  N/A 

Spatial Resolution  N/A 

Type of Geometry Polygon 

 
Methods 

To evaluate land based on the 4 criteria identified above, I utilized a Multi-criteria 

analysis (MCE) by weighted overlay method (WO). MCE is a frequently used method for 

decision making which depends on multiple factors. This method considers the multiple 

factors to identify the best course of action. MCE has become a common method for 

decision making while using GIS software (Vázquez-Quintero et al. 2015, 23-24). An 

important aspect of an MCE is weighing the criteria, in which values are assigned to 

each criteria based on importance. The WO method can easily be utilized within GIS 

software (Riad, et al. 59). 

The MCE-WO has been employed by numerous studies to determine land that is 

most suitable for conservation purposes. In a 2019 study, MCE-WO was applied to 

determine land suitability for grasslands conservation in Chihuahua, Mexico. In this 

analysis seven criteria were utilized and ranked in values from 1 to 5, 1 allocating lowest 
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suitability and 5 allocating the highest suitability (Vázquez-Quintero et al. 2015, 2-5). 

Similarly for this analysis, each criterion was ranked 1-5 with 1 being least suitable and 

5 being the most suitable. The rankings and rational behind each ranking are discussed 

below. 

The 2019 NLCD data utilized for this project classifies land cover using a 

modified Anderson Land Cover Classification System. The Anderson Land Cover 

Classification System has been employed by the U.S. Department of Interior to identify 

U.S. Land Cover since the 1970’s. The NLCD modified classification has 20 land cover 

classifications used throughout the United States (MRLC Consortium 2022). There are 

15 landcover classes found within EL Paso County, including an unclassified class. 

Landcover within existing Frontera preserves are classified as evergreen forest, 

scrub/shrub, and grassland/herbaceous, these three classifications along with open 

water, deciduous forest, woody wetland, and emergent herbaceous wetland were given 

the highest suitability ranking. The highly developed land along with crop and barren 

land were given lower rankings. Table 8 below presents land cover rankings for this 

study. 
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Table 8: Land Cover Dataset Ranking 

Land Cover Type Ranking 

Developed, High Intensity 

1 Developed, Medium Intensity 

Unclassified 

Cultivated Crop 
2 

Developed, Low Intensity 

Developed, Open Space 
3 Barren Land 

Hay/Pasture 

Open Water 
Deciduous Forest 
Woody Wetlands 
Emergent Herbaceous Wetland  5 
Evergreen Forest 

Shrub/Scrub 

Herbaceous 

 

As discussed above, one of Frontera’s goals is to provide access for recreational 

opportunities to the public. For my study I decided to use U.S. Census Bureau 

population data. Based off spatial observation, I made an assumption that a population 

density of 500 people per square mile split the census tracts with a medium to high 

population from those with a low population. I split the data into these two categories, 

one category presented census tracts that confined more the 500 people per square 

mile and the other category delimited census tracts that had less than 500 people per 

square mile. I then created 4 buffers (0.5 miles, 1 mile, 3 miles and 6 miles) with the 

belief that people are more likely to visit a preserve if it is closer in proximity to their 

residence. In a 2006 study that analyzed how far people are willing to travel for 

recreation, it was found that the mean distance people travel for recreation is between 

5,000-10,000 meters, equating to between 3-6 miles (McCormack, et al. 2006). With 

this study in mind the first buffered ranking denotes areas within 6 miles of a census 
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tract, rankings increase as distance from a census tract decreases. The ranking system 

utilized for population data is presented in Table 9 below. 

Table 9: Census Bureau Data Ranking 

Category Ranking 

Outside of Buffers 1 

Within 6 miles of Tract with Population 
Density < 500 People Per Square Mile 

2 

Within 3 miles of Tract with Population 
Density < 500 People Per Square Mile 

3 

Within 1 mile of Tract with Population 
Density < 500 People Per Square Mile 

4 

Within 0.5 mile of Tract with Population 
Density < 500 People Per Square Mile 

5 

Water is a valuable asset in the southwestern United States. According to the 

World Wildlife Fund “The Chihuahuan is the third most biodiverse desert in the world. 

Underground springs, small streams, and the Rio Grande—known as the Rio Bravo in 

Mexico—provide the precious water that fuels the region’s flora and fauna, as well as 

the diverse communities and growing economies.” (WWF 2021). Considering the value 

of water to the habitat of the Chihuahuan Desert, it is a significant aspect to consider 

when evaluating the suitability of conservation land. A ranking of 1-5 was assigned 

based on proximity to a hydrologic feature, with higher rankings being closer. For the 

purpose of this study hydrology is defined as major drainage areas, meaning some 

drainages may only flow seasonally or after rainfall events. The ranking for hydrologic 

features is presenting in Table 10 below.  

  



 

30 
 

Table 10: Hydrology Ranking 

Category Ranking 

Greater than 4 miles from Hydrologic Feature 1 

Within 3-4 miles of Hydrologic Feature 2 

Within 2-3 miles of Hydrologic Feature 3 

Within 1-2 miles of Hydrologic Feature 4 

Within 1 mile of Hydrologic Feature 5 

In discussion with Janaé Reneaud Field, Executive Director of Frontera on 

January 13, 2022, Ms. Reneaud Field stated that Frontera is most interested in parcels 

over 50 acres in size. Parcels with less than 50 acres in size are of less value because 

El Paso has limited water and food resources for wildlife thus wildlife needs a large area 

to intake needed resources. Based on this discussion, parcels with less than 50 acres 

were given a lower ranking while parcels over 100 acres were given the highest. Parcel 

size rankings are listed below in Table 11. 

Table 11: Parcel Ranking 

Category Ranking 

Parcel is less than 25 acres in size 1 

Parcel is between 25-50 acres in size 2 

Parcel is between 50-75 acres in size 3 

Parcel is between 75-100 acres in size 4 

Parcel is greater than 100 acres in size 5 

The second step of the analysis involved determining the weight of each criteria. 

A 2021 study which involved the prioritization of sites for Managed Aquifer Recharge in 

western India used a similar GIS-based multicriteria evaluation strategy. In this strategy 

a WO Analysis was used to weigh the criterion rankings. According to its authors “Multi-

criteria analysis by weighted overlay method provides best suitability analysis as it 

assigns weights to the thematic layers according to their significance in influencing our 

final goal.” (Vishwakarma, et al. 2021, 10). The criteria with the highest weight is land 

cover, this is the most important factor in my analysis as it identifies areas that are not 
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developed and areas that have similar land cover to existing Frontera conservation 

easements. The criteria tied with the second highest weight are parcel size and 

hydrology. Parcel size is important as areas with more land have more habitat and 

resources for wildlife. Additionally, it is easier to attain one or two large parcels than 

numerous smaller parcels. Hydrology is a valuable resource, particularly in the 

Chihuahuan Desert and attracts plants and wildlife. Population is the lowest weight as it 

is important to find land that is accessible to the public, but land closer to populated 

areas is more likely to be disturbed. Weighting for the 4 criteria is presented below in 

Table 12. 

Table 12: Weighing 
Categories 

Category Weight 

Land Cover 40% 

Population 10% 

Hydrology 25% 

Parcel Size 25% 

Total 100% 

Methodology Steps 

I utilized ArcGIS Pro Version 2.8.2 to perform the analysis for this study. The first 

step involved ranking the 4 datasets used for analysis and converting the datasets to 

Integer rasters. The Clip tool was used on all datasets to refine the study area to El 

Paso, Texas (Esri 2022a). The 2019 NLCD dataset was downloaded as a raster. The 

Reclassify tool was used to rank the dataset based on the rankings in Table 8 (Esri 

2022i).  
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The U.S. Census Bureau spatial data had to be joined to a Census Bureau table 

to access statistics (Esri 2022e). Next, to normalize population data by tract I had to 

calculate population density through the following equation:  

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 = 𝐶𝑜𝑢𝑛𝑡 𝑜𝑓 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 ÷ 𝐿𝑎𝑛𝑑 𝐴𝑟𝑒𝑎 

As discussed above the data was divided into two categories: tracts with more 

the 500 people per square mile and tracts that had less than 500 people per square 

mile. Next, the Multiple Rings tool was used to create 4 buffers that were 0.5, 1, 3, and 

6 miles from tracts with more than 500 people per square mile (Esri 2022f). Next, I 

added a value field and assigned values to rank the buffers and non-buffered area to 

the ranking listed in Table 9. Lastly, I used the Polygon to Raster tool to convert the 

layer to a raster (Esri 2022h). 

The hydrology dataset was downloaded as a raster. Initially, I had to use the 

reclassify tool to classify the raster by areas with hydrology and areas without hydrology 

(classified as no data) (Esri 2022i). Next, I used the Euclidean distance tool to calculate 

distances from hydrology (Esri 2022c). The Euclidean Distance tool is used to calculate 

the distance from each cell in a raster to the closest source, with the source in this case 

being hydrology. The Euclidean Distance tool output produces a raster that shows 

distance to steams. Next, I manually symbolized the layer to sort pixels by the ranking 

scheme listed in Table 10 and finally, the reclassify tool was used to rank the categories 

based on the same rankings (Esri 2022i). 

A value field was added to the El Paso County parcel dataset attribute table and 

rankings were assigned to parcels as listed in Table 11. After assigning rankings, the 

dissolve tool was used to dissolve the parcels by the five rankings (Esri 2022b). Next, 
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the Polygon to Raster tool was used to convert the polygon layer to a raster (Esri 

2022g). The final step of analysis involved using the four ranked analysis layers in the 

Weighted Overlay tool (Esri 2022l). The weights were assigned based on Table 12. 

Figure 8 displays a flowchart of the workflow used for this analysis to create a ranked 

suitability raster. 
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Figure 8. Site suitability methodology flowchart. 
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Next, the land cover site suitability raster was examined to determine which 

parcels were the 25 most suitable for a land conservation easement. The first step 

involved converting the site suitability raster into a polygon using the Raster to Polygon 

tool (Esri 2022h). Next, the dissolve tool was used to dissolve the raster into the 5 

suitability rankings (Esri 2022b). After dissolving I exported ranking 5 which denotes the 

most suitable land to its own feature class (Esri 2022d). Next, the select by location tool 

was used to select parcels that intersected land with a suitability ranking of 5 (Esri 

2022j). The union tool was then used with the selected parcels intersecting land with a 

suitability ranking of 5 and the layer containing land with a suitability ranking of 5 (Esri 

2022k). The output layer denoted land suitability of 5 by parcel. This allowed for the 

calculation of land suitability ranking 5 by parcel. Once the acreage of land suitability of 

5 by parcel was calculated, the data was normalized by determining the percentage of 

the top ranked suitability land on all parcels with the following equation: 

𝑇𝑜𝑝 𝑅𝑎𝑛𝑘𝑒𝑑 𝑆𝑢𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 % = 𝑆𝑢𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑅𝑎𝑛𝑘𝑖𝑛𝑔 5 𝐴𝑐𝑟𝑒𝑎𝑔𝑒 ÷ 𝑃𝑎𝑟𝑐𝑒𝑙 𝐴𝑐𝑟𝑒𝑎𝑔𝑒 

Figure 9 displays a flowchart of the workflow used for this analysis to determine the 25 

most suitable parcels for a land conservation easement.
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Figure 9. Methodology flowchart to determine the 25 most suitable parcels for a land conservation easement. 
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Assumptions 

Assumptions were made for three of the four datasets used as criteria in the 

MCE-WO. The NLCD 2019 Land Cover (CONUS) dataset has a spatial resolution of 30 

meters, meaning that each pixel is 30 by 30-meters in size. Each pixel within this 

dataset only has one classification. Classification of each pixel is determined using the 

class that dominates the 900 square meter area. In reality, there can be multiple 

classifications within a pixel. I am not concerned with the resolution for this dataset as it 

will provide the general classification of a region.  

County parcel datasets are constantly evolving, as it is common for parcel 

owners to subdivide or merge with adjacent parcels. Therefore, it is possible that the 

acreage of parcels in my analysis may have changed. However, I used the 2021 parcel 

data from El Paso County, which is their latest publication, published in October of 

2021. Given the recent date of the dataset, the parcels have most likely not been 

altered substantially.  

My largest assumption in this analysis relates to the U.S. Census Bureau data. 

To determine populous areas within the County of El Paso, I used Census Tract 

boundaries. Census Tracts are subdivisions within a county used by the U.S. Census 

Bureau to determine statistics for different areas within a county. It is clear after 

reviewing the data spatially that the U.S. Census Tract data does not accurately denote 

where one community ends and another begins, however I utilized the data as if it did. I 

am comfortable using this data in my analysis as my analysis only intends to use 

population data as a general trend of where communities lie. The analysis does not 

need a perfect representation of the populated areas within the county. 
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RESULTS 

The application of the MCE-WO made it possible to identify the top 25 most 

suitable parcels for a land conservation easement based off of the 4 criteria utilized in 

this study. Similar to the ranking schema, the MCE-WO output ranked suitability into 5 

separate classes, with 1 being the least suitable and 5 being the most suitable. As 

discussed above, El Paso County encompasses approximately 648,367 acres of land. 

The model output ranked 141 acres of land as a ranking of one, least suitable, 90,761 

acres of land as a ranking of two, 178,598 acres of land as a ranking of three, 300,952 

acres of land as a ranking of four, and 77,916 acres of land as a ranking of five, 

denoting the most suitable land for a land conservation easement. 

Results of the model output are shown in Figure 10 below. The existing 

conservation land, conserved by both Frontera and the Texas Parks & Wildlife State 

Parks Division is shown in Figure 10. Land within the existing conservation land is 

primarily listed as a ranking of either a four or five, denoting the highest rankings of the 

model. There is approximately 36,300 acres of conservation land in El Paso County 97 

acres of that land has a suitability ranking of two equating to less than 1% of the 

conservation land, 272 acres has a suitability ranking of three equating to less than 1% 

of existing conservation land, 9,661 acres has a suitability ranking of four equating to 

approximately 26% of existing conservation land, and 26,270 acres of land has a 

suitability ranking of five equating to approximately 72% of the land currently conserved 

within El Paso County, Texas. 

 
  



 

39 

 
Figure 10. MCE WO analysis results displaying 5 rankings valuing suitability for a 
conservation easement based on the 4 criteria evaluated.  
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The 25 most suitable parcels for a land conservation easement within El Paso 

County were determined by calculating which parcels had the highest percentage of 

land with a ranking of five, which denotes the most suitable land (Table 13). The 25 

most suitable parcels are located in three different regions of El Paso County, the 

northwest, east, and south (Figure 11). The 16 parcels located in the northwest region 

fall under the jurisdiction of the City of El Paso while the remaining 9 parcels are located 

in unincorporated El Paso County. Of the 16 parcels located in the northwest region 

eight are zoned as R3, which according to the City of El Paso zoning code, is a 

residential zoning intended for low-density residential single-family development on 

larger lots. Two of the parcels (X58299910601000 and X58299910602000) are zoned 

as QC, which denote land zoned for Quarry development with special conditions (City of 

El Paso 2022). In a discussion with City of El Paso planning staff on March 24th of 2022, 

these two parcels require for a 100-foot setback easement from Franklin Mountains 

State Park which abuts the parcels to the east. This setback prevents development 

within the 100-foot setback area. Three of the parcels located in the northeast are 

zoned as GMU, which denotes general mixed-use zoning (City of El Paso 2022). 

According to City of El Paso planning staff, an added consideration of GMU zoned land 

is that each parcel has a specific site plan which directs future development. If a 

conservation easement were to be added to these parcels or a portion of these parcels 

an amendment to the parcels site plan would be required. The three remaining parcels 

in the northwest region do not have designated zoning. The nine parcels located in the 

east and south regions do not have zoning, as unincorporated El Paso County does not 

have allocated zoning. 



 

41 

Table 13. Top 25 Most Suitable Parcels  

Parcel Region Zoning Acres 
Rank 5 (Most 

Suitable) 
Acreage 

% of Parcel 
containing 

Most Suitable 
Ranking 

X58299910900100 Northwest R3 461.92 461.92 100% 

X23699900001000 Northwest R3 103.32 103.32 100% 

X58299910500100 Northwest R3 576.18 576.18 100% 

X23599900000100 Northwest  N/A 292.61 292.61 100% 

X58299910601000 Northwest QC 91.91 91.91 100% 

State of Texas  South  N/A 363.30 362.61 99.8% 

X23699900000100 Northwest R3 107.31 106.99 99.7% 

X30100000000000 South  N/A 414.14 412.69 99.7% 

X58299910602000 Northwest QC 87.36 87.06 99.7% 

X40500000000007 South  N/A 130.51 130.15 99.7% 

X57800043800000 South  N/A 88.08 87.60 99.5% 

X23499900001500 Northwest  N/A 213.73 212.66 99.5% 

X57700030500100 East  N/A 159.77 158.90 99.5% 

X58299911000100 Northwest R3 563.83 560.48 99.4% 

X58199911400200 Northwest GMU 112.04 111.42 99.4% 

X24599900000700 Northwest R3 605.33 600.45 99.2% 

X58199911400101 Northwest GMU 113.25 112.08 99.0% 

X57800043700100 South  N/A 128.29 126.81 98.8% 

State of Texas  South  N/A 566.21 559.21 98.8% 

X58199911800101 Northwest GMU 645.67 637.11 98.7% 

X25099900000100 Northwest R3 559.87 552.00 98.6% 

X60700002400000 East  N/A 635.84 626.03 98.5% 

X29900000001000 South  N/A 601.50 592.51 98.5% 

X25499900000500 Northwest  N/A 270.89 266.22 98.3% 

X23799900000007 Northwest R3 120.02 117.92 98.2% 
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Figure 11. 25 most suitable parcels for a land conservation easement by region.  



 

43 

The northwest region contains 16 of the 25 most suitable parcels for a land 

conservation easement. Five of these parcels are covered entirely with a land suitability 

ranking of five, these are the only parcels with a 100 percent coverage of ranking 5, 

theoretically denoting the most suitable land. This region is adjacent to the Franklin 

Mountains State Park as well as the Lost Dog, Castner Range, and Knapp Frontera 

Conservation Easements. The parcels in this region are located in close proximity to 

several communities of El Paso County, including the City of El Paso, Westway, 

Canutillo, Borderland, and Montoya. The benefits of siting a conservation easement at 

one of these parcels includes the close proximity to populated communities and the 

abundance of potential parcels which could be conserved. A downside of this region is 

that there are already several existing conservation easements and parks, and Frontera 

aims to provide recreational opportunities and conservation to regions that are currently 

underserved. The 16 parcels of this region are displayed on figure 12 below.   
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Figure 12. Northwestern region, most suitable parcels for a land conservation 
easement.  
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The east region contains 2 of the 25 most suitable parcels for a land 

conservation easement. This region is approximately 10 miles east of the City of El 

Paso, 8 miles south of Hueco Tanks State Park and rural by nature. However, the area 

is quickly developing with the expansion of the Tierra Del Este subdivisions. 

Advantages of placing a conservation easement on a parcel in this region include 

protecting land that is quickly being developed and establishing conservation land in an 

area of the county which currently has little to no conservation protection. A 

disadvantage of this region is that there are only two parcels that this study identified 

within the top 25 most suitable, leaving Frontera minimal acquisition opportunities. 

Figure 13 below displays the two parcels located in the east region of this analysis.  
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Figure 13. East region, most suitable parcels for a land conservation easement. 
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The south region contains 7 of the 25 most suitable parcels for a land 

conservation easement. These 7 parcels are located in close proximity to the 

communities of Fabens, Horizon City and Sparks. This region of El Paso County has 

intensive agricultural. All seven parcels are located adjacent to Interstate-10, 5 of the 

parcels are privately owned while two of the parcels are owned by the State of Texas. 

An advantage of this region is the clustering of the parcels. This is an advantage as a 

conservation easement could span the distance of multiple parcels if needed. 

Additionally, two of the parcels are owned by the State of Texas which gives Frontera 

another acquisition avenue aside from acquisition from private landowners. Figure 14 

below displays the 7 parcels located within the south region of this analysis. 
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Figure 14. South region, most suitable parcels for a land conservation easement. 
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CONCLUSION 

This paper sought to identify suitable parcels for a potential land conservation 

easement in El Paso, Texas through MCE technique utilizing the WO tool in ArcGIS 

Pro. Through analysis, the entirety of El Paso Texas was classified on a ranking system 

of 1 through 5, with one demarcating the least suitable land and five demarcating the 

most suitable land for a land conservation easement. Of the 648,367 acres of land 

within El Paso County, 141 acres were classified as a rank of 1, 90,761 acres of land as 

a ranking of two, 178,598 acres of land as a ranking of three, 300,952 acres of land as a 

ranking of four, and 77,916 acres of land as a ranking of five, denoting the most suitable 

land for a land conservation easement. El Paso County parcel data was overlayed on 

this output to determine which parcels had the highest percentage of the most suitable 

land. Results of the 25 parcels with the highest suitability ranking based on percentage 

of suitability cover were generated to present as potential land conservation easement 

sites. The 25 most suitable parcels were grouped into three regions based off location: 

the northwest region, the east region and the south region. These results provide viable 

options for the siting of a land conservation easement.  

The results from this analysis can be used by Frontera or other land conservation 

organizations as a tool in locating potential conservation sites. Additional analysis is 

required to determine the best site, as the landowner would need to agree to place a 

land conservation easement on their property. While additional research is needed to 

determine the best site for a land conservation easement, this study can help narrow 

the scope of the focus area. As discussed above, this study incorporated four variables: 

land cover, parcel size, hydrology, and population. While these variables were important 

for this particular study, Frontera or other organizations may determine to remove or 
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add variables to the analysis, which would have an impact on the parcel suitability 

output. The model used for this analysis can be reproduced with other variables and 

weighting scheme for El Paso County or other study areas to determine suitable 

conservation sites.  
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