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ABSTRACT 

 
In mixed-jurisdiction landscapes of the Intermountain West, unprotected wildlands in private and 

State Trust ownership buffer protected areas, support ecosystem and watershed processes, and 

maintain landscape connectivity, while their subdivision and development, results in losses of 

habitat and biodiversity, fragmentation, and isolation of neighboring protected areas. In recent 

decades, conservation easements (CEs) have emerged as the primary tool for protecting private 

lands, but as private agreements, there is no explicit expectation that land protected provides these 

conservation values. With this dependence on CEs, identifying their conservation outcomes is 

critical to understanding their role in landscape-scale conservation efforts. Focusing on the 

Madrean Archipelago in Arizona and New Mexico, I conducted a mixed methods study assessing 

the spatial pattern of existing CEs relative to grasslands, riparian areas, and distance from protected 

areas, and completed stakeholder interviews to identify any process underlying these spatial 

patterns. Results show that more than 10% of private wildlands in the region are in CEs. They 

exhibited a strong affinity towards grasslands (almost 20% of private grassland area is in CEs) and 

protected areas (more than 80% of CEs lie within 1 km of a protected area) but tend to avoid 

riparian areas. Interviews revealed a moderate level of consistency between the spatial patterns 

identified and stakeholder objectives. These results suggest that CEs in the Madrean Archipelago 

do support landscape-scale conservation outcomes, in part because stakeholders engaged in 

establishing them are prioritizing resources and values with landscape-scale significance. They 

also affirm the need for more access to spatial data on CEs to better integrate them into regional 

conservation planning efforts. 
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PRESENT STUDY 
 

The purpose of this opening chapter is to provide the broader context and process employed 

in developing this research project, and the manuscript included in Appendix A, as well as share 

key findings and proposed next steps.  

INTRODUCTION 
 

In portions of the Madrean Archipelago contained within southeastern Arizona and 

southwestern New Mexico, the conversion, development, and fragmentation of private and State 

Trust lands presents a significant threat to large landscape conservation efforts grounded on 

maintaining connectivity between large tracts of primarily federal protected areas, and reducing 

external threats to those protected areas (Curtin et al. 2002). Most undeveloped private and State 

Trust lands in the region are used for ranching, and typically managed in conjunction with federal 

grazing allotments, forming larger working landscapes (Charnley et al. 2014). Preserving these 

large connected landscapes, and the ecosystem services they provide, is thus a function of 

protecting their vulnerable private and State Trust portions. 

Conservation easements (CEs) are a unique tool to provide environmental protection on 

private lands. As numerous areas with high ecological value occur outside formal protected areas, 

and funding for investments in conservation is limited, the use of CEs to protect private lands is 

increasing throughout the western U.S. (Christensen et al. 2014). Research suggests that costs 

associated with CEs are often lower than full-fee acquisition for conservation purposes 

(Christensen et al. 2014). Only a fraction of a property’s value is in its development rights, and 

because landowners retain ownership of the property itself, conservation management costs are 
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often lower. However, because of the private nature of CEs, it is challenging and time consuming 

to identify the full range of impacts and potential landscape-scale conservation outcomes of these 

agreements, including the types of resources conserved by CEs, their spatial relationship with 

protected and unprotected lands, and the types of organizations involved in their establishment 

(Merenlender at al. 2004).  

This research study sought to address these challenges, and assess the role of CEs in 

supporting landscape-scale conservation outcomes in the Madrean Archipelago in Arizona and 

New Mexico. The study area is recognized for its unique ecological characteristics and high levels 

of biodiversity (Warshall 1994); it contains a wide range of conservation initiatives and protected 

areas (federal, state, local, and NGO); and, like much of the western United States, it is mostly 

rural, undeveloped, and contains a large percentage of publicly held land. Additionally, CEs have 

been utilized in the region for more than three decades, but few resources exist exploring their use 

and quantifying their impact at the landscape-scale. I utilized a mixed-methods approach first 

identifying the spatial pattern of existing CEs in the region relative to key conservation values, and 

conducted stakeholder interviews to determine how CE buyers may be impacting the spatial 

pattern. 

This project was developed in close coordination with staff and partners of the Desert 

Landscape Conservation Cooperative (LCC), including the Grassland and Shrubland Ecosystem 

Management Team. It was my hope that the results of this study would serve to inform 

conservation planning in the study area, and specifically integrate with the Desert LCC’s 

Landscape Conservation and Design for Transboundary Madrean Watersheds pilot area (with 

which this study overlapped spatially). Additionally, I intended for the findings to also be 

applicable across the Desert LCC geography (which includes the Mojave, Sonoran, and 
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Chihuahuan Deserts in both the U.S. and Mexico), as well as in any large landscape that contains 

important natural resources on privately owned land.  

BACKGROUND 
 

My goal in attending graduate school was to gain an improved understanding of the science 

governing rangeland ecosystems, particularly in arid environments, and the technical aspects of 

natural resource management in such settings. I also hoped to conduct a research project in 

Southern Arizona or Northern Mexico that integrated landscape-scale conservation and local-level 

resource stakeholders, such as ranchers, that can play a critical role in the long-term conservation 

or degradation of natural resources.  

My interest in these topics were a result of two preceding experiences. While a Peace Corps 

volunteer working with ranchers in Panama’s Darien province, I witnessed the destruction humans 

can inflict on the environment in the pursuit of livelihoods, and emerging opportunities to slow 

and reverse this damage by engaging local resource users in improved management. Then while 

working for the U.S. Forest Service’s Office of International Programs in the Middle East and 

southern Africa, I experienced the challenge of working within arid environments that have dealt 

with human exploitation for thousands of years juxtaposed with large intact ecosystems that 

continue to sustain significant biodiversity, and require few human interventions. These 

experiences left me with a deep interest to further explore conservation, and particularly 

approaches that engage local resource users and managers.  

 At the start of my graduate career, I was fortunate to secure a graduate research 

assistantship with the Desert LCC, a partnership between the Bureau of Reclamation and U.S Fish 

and Wildlife Service. In this role, I worked with the Desert LCC’s Grassland and Shrubland 
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Ecosystem Management Team providing administrative support and leadership, and conducting 

research related to the team’s goal to address the following critical management questions (Desert 

Landscape Conservation Cooperative 2017): (1) What and where are the greatest threats to native 

desert grassland and shrubland conservation targets? (2) Where are desert grassland and shrubland 

habitats resilient and where are priority areas with high potential for restoration? (3) What are the 

most appropriate management and restoration techniques for desert grassland and shrubland 

habitats for conservation targets, site-specific conditions, and socio-economic constraints? 

SELECTION OF RESEARCH TOPIC & METHODS 
 

Although initially tasked with exploring rangeland management practices appropriate for 

arid desert landscapes, I spent much of my first two semesters (Fall 2015 and Spring 2016) 

engaging with Desert LCC staff, faculty advisors, and the grassland and shrubland ecosystem 

management team to better understand the social and ecological context I was working within, and 

focus the research. To familiarize myself with the Desert LCC team and broader conservation 

community, I conducted a series of informal interviews to identify research and conservation 

priorities within the Desert LCC geography. I also attended numerous events and workshops 

including the biannual biological planning meeting at Las Cienegas National Conservation Area, 

an Altar Valley Conservation Alliance workshop on the restoration of the Altar Wash, the annual 

Malpai Borderlands Group science meeting, and two Desert LCC workshops in Aguascalientes, 

Mexico and Alpine, Texas. 

Working through these interviews and activities, I found stakeholders’ conservation and 

research priorities regarding specific management practices were highly varied, and largely 

dependent on where individuals worked and what they did. In nearly every interview though, the 

importance of private and State Trust lands, particularly for landscape-scale conservation efforts, 
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was highlighted and cited as requiring further research. Private and State Trust lands across the 

Desert LCC geography provide multiple ecological benefits (buffer for protected areas, landscape 

connectivity, watershed function, etc.) and contain key resources (grasslands, riparian areas, 

threatened and endangered species habitat, etc.), but they are the least protected and most at-risk 

to a wide range of threats (Turner et al. 2005). As I delved into this new topic, I found that 

successful conservation was contingent on maintaining the integrity of these lands geographically 

and ecologically, and that both aspects are interrelated.  

 Though multiple programs and mechanisms exist to support conservation on private lands, 

CEs struck me as a particularly powerful tool. They prevent subdivision and development which 

is critical to maintaining intact landscapes, and research from within the Desert LCC geography 

showed they also positively influence management of natural resources, suggesting they play a 

role in supporting the ecological integrity of these landscapes as well (Rissman and Sayre 2012).   

An initial literature review revealed that CEs are challenging to study because of their private 

nature and scant public data, and assessments on their spatial patterns, the stakeholders involved 

with them, and their resulting landscape-scale outcomes are still emerging (Merenlender et al. 

2004). Additionally, few studies focused on CEs in public-land dominated settings typical of much 

of the West and Southwest, or connected spatial patterns with stakeholder motivations for 

establishing CEs.  

 To address this gap within the Desert LCC geography, I proposed a research project 

identifying and assessing how existing CEs are utilized to achieve landscape-scale conservation 

outcomes within the Madrean Archipelago in Arizona and New Mexico. Development across the 

area is leading to fragmentation of local landscapes and impacts to ecosystems, biodiversity, and 

rural livelihoods reliant on natural resources, and CEs did appear to be utilized in the region to 
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address some of these issues (Curtin at al. 2002). The study area also overlapped with previous 

and emerging conservation efforts such as the Bureau of Land Management’s Rapid Ecological 

Assessment for the Madrean Archipelago (with which this study shares its study area boundary), 

and had been recently selected as a pilot area for the Desert LCC’s Landscape Conservation Design 

project. 

 To conduct this research project, I intended to utilize a mixed methods approach. I planned 

to first inventory and analyze existing CEs in the study area to identify their spatial extent, the 

resources they conserve, and their relationship to protected areas. Critical in developing this project 

was the National Conservation Easement Database (NCED), and a preliminary review of publicly 

available data seemed to show an extensive CE portfolio in the region (Figure 1). I expected this 

data would serve as the basis for my inventory. As I had already developed some familiarity with 

interviewing as a research method, I also planned to conduct interviews with organizations 

involved with buying and holding CEs (buyers), and private landowner who had either sold or 

hoped to sell CEs (sellers) in the region. I then hoped to merge the spatial analysis results with 

stakeholder interview results to determine the extent to which stakeholder’s influence the spatial 

pattern of CEs, and identify potential landscape-scale outcomes resulting from these interactions. 
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Figure 1- The National Conservation Easement Database Mapping Application in the Madrean Archipelago 

  

 

 Though a brief review of land ownership data showed significant State Trust holdings 

throughout the study area, because of their mandate to generate profits for beneficiaries, options 

to conserve these lands are few beyond improving leasee natural resource management. Despite 

this, because of their importance in the landscape matrix, I expected to continue to refine methods 

to better understand their spatial pattern, their role in landscape-scale conservation, and potential 

relationships with CEs. 

RESEARCH ACTIVITIES 
 

 The development and refinement of research methods and the overall scope of this project 

was an ongoing and iterative process. Primary research activities – the spatial analysis (in ArcMap 

10.4) and stakeholder interviews – were conducted simultaneously between August of 2016 and 

June 2017. Information and findings resulting from each research activity heavily influenced and 

informed the other. For example, the initial iteration of the CE spatial dataset provided a 

preliminary list of stakeholders to engage for interviews, while stakeholder interviews provided 
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opportunities to verify the CE spatial dataset and request additional data. As I discovered 

limitations in available data, stakeholder willingness and availability, and my own time and ability, 

the project was refined to reflect these constraints while still maintaining the project’s overall 

objective.  

I began by compiling spatial data on CEs in Arizona and New Mexico, and clipping this 

data to the study area boundary. NCED data combined with data from the U.S. Geological Survey’s 

(USGS) Protected Area Database (PAD-US) served as the basis for this inventory. Though these 

two sources provided a useful initial dataset, I quickly identified significant omissions including 

CEs held by several land trusts in the region whom I expected to have significant holdings. To 

address this issue, I coordinated with staff at the Arizona Land and Water Trust (ALWT) and The 

Nature Conservancy (TNC) to gain access to their spatial data. Additionally, interviews revealed 

numerous errors and inaccuracies in open-access data representations of Pima County CEs. Upon 

request, the Pima County Office of Sustainability and Conservation provided a full dataset of their 

protected holding including CEs and fee-lands. Ultimately, the final dataset utilized in the analysis 

the included 158 CEs covering 155,844 ha of which only 690 ha are converted or developed. The 

dataset is also highly variable in area. The largest CE, containing most of the historic Gray Ranch, 

alone constituted more than 50% of the total CE area, and less than 10% of all CEs made up more 

than 90% of the area.  

Based on my literature review and Desert LCC priorities, I chose to analyze the spatial 

pattern of the CE dataset relative to grasslands and riparian areas (two conservation priorities in 

the region) and proximity to existing protected areas (a simple expression of landscape 

connectivity). To conduct this analysis, I developed several supplementary thematic layers (Table 

1). Developing these layers required significant pre-processing which at minimum included 
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projecting each layer in the Albers Equal Area Conic projection for North America and clipping 

them to the study area. Pre-processing in fact proved to be both more challenging and time 

consuming than expected. For example, I initially planned to use the PAD-US as the basis for the 

protected, private, and State Trust layers, but quickly found numerous “gaps” and “slivers” 

between various land ownership polygons. These misaligned polygons resulted in inaccurate 

calculations of private land (particularly private land adjacent to protected areas) which would 

impact the proximity to protected areas analysis. To avoid such errors, I reviewed multiple data 

sources and ultimately selected BLM surface land ownership/management datasets for both 

Arizona and New Mexico because they were almost complete overlays with few gaps and slivers.   

Table 1 - Thematic layers and their constituents utilized in the spatial analysis 

Thematic layer Constituent elements1 Processing notes 
Conversion Cultivated cropland 

High intensity development 
Low intensity development  
Quarries, mines, gravel pits & oil wells 

30 x 30 m raster data was 
converted to polygons and 
dissolved. 

Grasslands Apacherian-Chihuahuan Semi-desert grassland & 
steppe 
Chihuahuan Sandy Plains Semi-Desert Grassland 
Inter-mountain Basins Semi-Desert Grassland 
Madrean Juniper Savanna 

30 x 30 m raster data was 
converted to polygons and 
dissolved. 

Riparian areas  Introduced Riparian & Wetland Vegetation 
North American (N.A.) Arid West Emergent Marsh 
N.A. Warm Desert Lower Montane Riparian 
Woodland & Shrubland 
N.A Warm Desert Riparian Mesquite Bosque 
N.A. Warm Desert Riparian Woodland & Shrubland 
N.A. Warm Desert Wash 
Open water (fresh) 
Rocky Mountain Lower Montane Riparian Woodland 
& Shrubland 

30 x 30 m raster data was 
converted to polygons and 
dissolved. 

Protected areas All federal wildlands; state parks, natural areas, & 
wildlife areas; county conservation lands & parks; 
NGO conservation fee lands. 

All protected areas were 
dissolved to create a single 
overlay. For the proximity 
analysis, a second overlay was 
created consisting of only 
protected patches >100 ha. 

CE wildlands CE dataset Wildlands were identified by 
using the erase tool the 
conversion layer 



16 
 

Private wildlands Private lands Wildlands were identified by 
using the erase tool the 
conversion layer 

State Trust 
wildlands 

State Trust lands Wildlands were identified by 
using the erase tool the 
conversion layer 

1 Land use class, ecological system, or input data 

Following data pre-processing, identifying the spatial pattern of CEs, private wildlands and 

State Trust wildlands relative to grasslands and riparian areas was straightforward. The intersection 

of each land ownership layer and each resource layer was identified, and then used to calculate a 

percentage of each coverage. Developing effective methods for the proximity analysis proved to 

be far more challenging. Making meaningful comparisons between CEs, which are individual 

parcels, and the overall pool of private land which includes CEs, can be problematic but is required 

because CEs can only occur on private land and remain as private lands after being encumbered 

with the mechanism. I settled on using the multi-ring buffer tool for this analysis and then 

calculated the percentage of CE wildland area and private wildland area in 1 km distance intervals 

from protected area boundaries. For State Trust lands the comparison of percentages in each 

distance interval was with the overall unprotected wildland (private and State Trust) in each 

interval.  To assess if the patterns found were random or not random, I conceptually considered 

randomness as uniformity across space. For CEs and State Trust land to occur randomly relative 

to the various features of interest, they would occur in each feature at the same percentage they 

across the broader area eligible for them. 

Early on in analyzing the CE dataset, I recognized that the largest CEs would likely impact 

the proximity analysis. Because they are so large, they usually contain some areas that are far from 

protected areas. The Gray Ranch for example, contains some of the areas farthest from a protected 

area in the entire study area. Yet, all the largest CEs are adjacent to some protected areas and the 

farthest away areas are in fact continuously connected to them (geographically not necessarily 
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ecologically). This phenomenon highlights a weakness in my analysis methods. To account for 

this affect, and try to identify patterns that might be masked by the connected far away areas, I 

decided to repeat the analysis with the largest CE removed from the dataset. 

 While still developing the spatial methods, I began my stakeholder interviews (Figure 2). 

As the full scope of the project was still being refined, the interview semi-structure was designed 

to gather a wide range of information on CEs in the study area including stakeholder conservation 

priorities, resources protected by CEs, funding dynamics, factors influencing the pursuit of CEs, 

management and monitoring of CEs, and relations between CE buyers and sellers. In total, I 

conducted 23 semi-structured interviews with 26 individuals; 17 represented CE buying entities 

(13 different organizations), and six were private landowners (five with CEs on their properties, 

and one who unsuccessfully pursued a CE).  

Figure 2 - Timeline of stakeholder interviews (numbers represent landowners) 

 
ALWT 

USFWS 

BLM 
AZSF 

TCF 

 
MBG 

NRCS 

 
TPL 

TNC 

 
 
AZGF 

 
 
USFS 

  
Pima 
County 

NMLC #1, 
#2,  #3, #4, 
#5 

 
 
#6 

 
Aug. 2016 Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. 

2017 
 

I initially approached the interviews and stakeholder interactions as a negotiation between 

CE buyers and sellers. As interviews proceeded, I increasingly struggled to accurately describe the 

complexity in roles within the group I had classified as buyers. In fact, I found that during the CE 

transaction, organizations largely either facilitated the establishment of CEs by interacting with 

landowners and searching for funding (whom I call finders), or they provided funding (funders), 

and at times these roles can shift within an organization. Both these groups may hold CEs. To 

explain this nuance within the collective of CE buyers, I developed a concept of a CE acquisition 
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system that includes all the organizations that I initially considered buyers, but considers the 

different roles that contribute to a CE transaction (Figure 3). When reporting interview results, I 

decided to segregate response by role – of the 13 organizations 6 were finders and 7 were funders. 

This was not necessarily to suggest one group was more influential than the other, but instead to 

just provide more detail. 

Figure 3 - The conservation easement acquisition system 

 

 

The six landowner interviews I completed were very interesting, but highly varied. In three 

of the cases the landowner had actively pursued establishing CEs on their property. In one case, a 

landowner sold most of their property to a local government and a CE on their home site. In 

another, a landowner had purchased a property at a discounted rate because the property had an 

existing CE on it. The last landowner was interested in establishing a CE, but had yet to find a 

buyer interested. Demographically, all landowners interviewed were male and over the age of 40. 

Two classified themselves as full-time ranchers reliant on their property for their livelihood, three 

were “conservation” landowners (two of which ran cattle on their property), and the last was a 

hobby rancher. All expressed value in conservation, but their motives for pursuing CEs were varied 
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and manifold. Ultimately, and in part because of the small sample size, I chose not to include the 

landowner interviews in the final manuscript.  

As the spatial analysis was refined, so to were interview results. To coherently make 

comparisons between the spatial analysis results and interview results, I whittled down the 

interview results to three primary questions: (1) what are your conservation priorities regarding 

CEs; (2) what resources do your CEs protect; and (3) what are the primary factors influencing 

where CEs are pursued. Fortunately, but not unexpectedly, interview responses related to these 

three questions were easily coded into themes that aligned with the spatial analysis results. 

Additional mention of spatial considerations, as well as temporal trends in the use of CEs were 

also included in the coding. 

Upon completion of both primary research activities, I was then able to compare the results 

to infer the relationship between the spatial pattern of existing CEs and the priorities expressed by 

the CE funders and funders. 

KEY FINDINGS 
 

Through this study I identified that more than 10% of private wildlands in the study area 

are now protected by CEs. The key findings of this study relate to where CEs are and are not, and 

potential reasons for this spatial distribution. CEs in the region are more heavily concentrated on 

grasslands and are located closer to existing protected areas than random. These spatial patterns 

closely match responses from stakeholders on their conservation priorities, the resources and 

values protected by the CEs they have established, and the factors influencing where the pursue 

CEs. Specifically, stakeholders mentioned the importance of conserving working lands and 
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landscape connectivity. Focusing on grasslands and proximity to existing protected areas largely 

appear to achieve these priorities.  

Stakeholders also highlighted the importance of a range of values associated with water in 

the region including riparian and aquatic habitats, groundwater resources and healthy functioning 

of watersheds. Despite these stated priorities and protected resources regarding CEs, the spatial 

distribution of CEs in the study area was less common than random riparian areas. I attribute this 

result to that fact that riparian areas may be particularly difficult to target alone (they are likely 

highly dispersed across the landscape), and even more likely, targeting riparian areas is not the 

preferred strategy to conserve these water resources. Both existing literature and interview results 

suggests that targeting uplands is a successful strategy for watershed management and protection 

(Nabhan et al. 2014). 

Nearly all the stakeholders interviewed cited the availability of funding as the top factor 

influencing where CEs are pursued. Also within the study area, federal funding sources are the 

major source of dollars for establishing CEs through several programs administered by federal 

agencies, each with their own respective priorities. This reality then begs the question, what is the 

spatial distribution of funding availability across the landscape and does it adequately address 

conservation priorities? Additionally, at what point do funders becoming fatigued at investing in 

a landscape that is already significantly protected. Another key implication of this is how 

vulnerable the CE acquisition system is to changes in policy and priorities in Washington, D.C.  

Though at times frustrating when transcribing, reviewing and coding stakeholder 

interviews, the wide breadth of conversations provided a chance to immerse myself in the many 

facets of the work that surrounds CEs. Numerous fascinating themes emerged throughout this 

process that fell outside of the scope of this project, but certainly warrant more investigation. 
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Previous studies have cited the importance of targeting CEs towards areas that are most vulnerable 

to development pressures (Newburn et al. 2006). In several interviews, primarily finders explained 

that development pressure was largely not considered in this region, but instead areas that provide 

the highest levels of connectivity and best ecological condition are prioritized. Also, a better 

understanding of landowner motivations for encumbering their property with CEs, and how those 

priorities and objectives align with the CE acquisition system may further explain the spatial 

pattern of CEs on the landscape. Finally, several stakeholders expressed concern regarding how 

government and non-government CE holders enforce their CEs. Specifically, there is a perception 

that government managers may be less interested in enforcing violations to avoid a protracted legal 

battle and associated public scrutiny. 

Finally, this study and my experience through the research process highlights the value and 

need to continue improvements in spatial data resources available for researchers and the public. 

While much of my time in the early stages of the spatial analysis involved searching through data 

and synthesizing it to a point that I could utilize it in my analysis, the fact that there were public 

datasets greatly facilitated this. At a fundamental level, the NCED, inclusive of all its omissions 

and inaccuracies, allowed this project to become a reality. That dataset provided a starting point 

and provided a means to engage other stakeholders on verifying and gaining access to additional 

data. 

NEXT STEPS 
 

The following manuscript in Appendix A of this thesis represents a complete but not final 

draft of this study. Following receipt of revisions from the committee, as well as feedback from 

other reviewers versed in private land conservation and experienced the study area, this manuscript 

will be finalized and submitted for publication in a peer-reviewed scientific journal (Table 2). The 
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manuscript will likely require tailoring of specific themes depending on the final publication 

selected. In addition to journal submission, this study or a portion of it is also well suited for 

submission in the upcoming fourth Biodiversity and Management of the Madrean Archipelago 

conference scheduled for May 2018.  

Table 2 - Potential journals for publication of manuscript 

Journal Title 
Landscape and Urban Planning 
Journal of Soil and Water Conservation 
Agriculture, Ecosystems, and Environment 
Environmental Development 
Society and Natural Resources 
Ecological Applications 
Rangelands 
PLOS One 

 

While conducting this project, I applied for and was hired as the Land and Water Protection 

Manager for the Southern Arizona office with The Nature Conservancy (TNC). In this role, I am 

responsible for implementing a project to protect natural areas and habitat using a range of 

protection tools including conservation easements. This position provides me a unique opportunity 

to put my graduate studies in action, and leverage experience and relationships built through my 

field research. I have served seven months in this position, and in this time, I have learned an 

immeasurable amount and assessed and refined assumptions and ideas developed early in the 

research process. This experience has proved invaluable to finishing this study. 

Though this role provides ample opportunities to continue research in the use and efficacy 

of CEs in the Madrean Archipelago, one initial activity I hope to begin in early 2018 is integrating 

the geodatabase developed in this study with several existing spatial tools. These include TNC’s 

Grasslands Assessment GIS Dataset (2004) and Arizona Natural Infrastructure Composite GIS 

Dataset (2008), Arizona Department of Transportation’s Wildlife Linkages Assessment (2006), 



23 
 

and the Desert LCC Springs Data (2015) to further assess the spatial pattern of existing CEs, and 

identify high value private lands lacking protection. In addition to this, I also look forward to 

continuing to update and review the spatial dataset of CEs in the region. Although it will require 

the approval of multiple stakeholders and significant coordination, I hope that at some future point, 

this dataset will become an open access resource available to anyone interested in private land and 

landscape conservation.   
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SCALE STRATEGY OR RANDOM ACTS OF CONSERVATION? 
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1. INTRODUCTION  

 
In mixed-jurisdiction landscapes that characterize the Intermountain West1, unprotected 

wildlands2 in private and State Trust ownership play a critical role in buffering existing protected 

areas, supporting ecosystem and watershed processes, and maintaining landscape connectivity, 

while their conversion, primarily through subdivision and development, results in losses of native 

habitat and biodiversity, landscape fragmentation, and isolation of neighboring protected areas 

(Huntsinger and Hopkinson 1996; Theobald et al. 1997; Knight 1999; Groves et al. 2000; Curtin 

et al. 2002; Hansen et al. 2005; Brunson and Huntsinger, 2008). While existing protected areas3 

remain mostly secure from conversion (Figure 4), unprotected wildlands are subject to intensive 

land uses and conversion (Turner et al. 2005). As a result, the threat of conversion and development 

is not uniform across the landscape, and the spatial distribution of unprotected wildlands has 

significant implications for landscape-scale conservation efforts that aim to preserve large, 

connected ecological systems across various political boundaries. Conservation easements (CEs) 

have emerged as the primary tool for protecting private lands from subdivision and development, 

and between 2005 and 2010 more than 1 million ha of private land in the western U.S. were 

protected with this tool (Fishburn et al. 2009; Christensen et al., 2014; Land Trust Alliance 2015). 

With this increasing dependence on CEs for private land conservation, and significant public 

investments in the tool through funding and tax incentives, identifying the conservation outcomes 

of CEs is critical to understanding their effectiveness as a landscape-scale conservation tool 

(Rissman and Merenlender, 2008).  

                                                 
1 Roughly the area located between the front ranges of the Rocky Mountains to the east and the Cascade 
Range and Sierra Nevada to the west. 
2 The term “wildlands” describes lands that are undeveloped, and where human impacts are visually and 
ecologically subordinate to the natural landscape (Salwasser et al. 1998). 
3 In this context, “protected areas” refers to federal conservation, multiple-use and military-managed wildlands, as 
well as state, local and NGO-owned conservation lands. 
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Figure 4 - Gradient of wildland certainty across jurisdictions and land ownership types 
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A CE is a voluntary, legal agreement between a landowner and a land trust or government 

agency that permanently restricts uses of private land to protect its conservation values (Land Trust 

Alliance 2015). These agreements prohibit most development and subdivision in return for 

compensation in the form of cash or tax deductions. In the Intermountain West, private wildlands 

form the core of working ranches that typically neighbor, and are jointly managed with leased 

State Trust land and/or federal grazing allotments, forming larger working landscapes (Charnley 

et al. 2014). Within this interconnected landscape matrix, the benefit of expanding the protective 

footprint on private lands, and reducing vulnerability to conversion and development, can have 

implications that extend beyond the boundaries of an individual protected parcel by preserving 

intact landscapes capable of sustaining natural processes (Curtin et al. 2002). Furthermore, 

research suggests CEs are most successful at achieving conservation goals when they are part of a 

broader strategy to sustain working landscapes (Huntsinger and Hopkinson 1996). Only private 

lands are eligible for CEs, and although State Trust land must go through a disposition process 

prior to any conversion, no mechanism exists for their long-term conservation4. While CEs have 

the potential to secure private lands and their host of associated conservation values into the future, 

uncertainty surrounding State Trust lands represents a persistent threat to landscape conservation 

in mixed jurisdiction settings. 

                                                 
4 State Trust lands are managed under the principle of “sustainable yield” to generate profit for a range of public 
beneficiaries. The majority are utilized for grazing, and any conservation benefits provided by these open wildlands 
is incidental and not deliberate outcome of management (Souder and Fairfax 1996). 
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Inquiry on the types of resources conserved by CEs, their spatial relationship with protected 

and unprotected lands, and the types of organizations involved in their establishment, are all 

necessary to identify the landscape-scale outcomes of CEs (Merenlender at al., 2004). Though the 

amount of land protected by CEs is increasing and particularly so in the West (Christensen et al. 

2015; Land Trust Alliance 2016), because they constitute private agreements between willing 

buyers and sellers, there is no guarantee that individual parcels protected support landscape-scale 

conservation outcomes, and data regarding CEs is not easily accessed by the public (Merenlender 

et al. 2004). Instead, CEs are the result of a market negotiation reflecting the priorities, values, and 

motivations of CE buyers and sellers (Fairfax et al. 1996).  

A wide-range set of actors engage in the establishment of CEs, including government 

entities and the nonprofit conservation sector. I offer that this collection of actors constitutes a CE 

acquisition system (Figure 5) as means to interpret interactions between these actors, and how they 

might influence the landscape-scale conservation outcomes of CEs. Within this system, some 

entities primarily fund CEs, whom I refer to as “funders,” while others focus on engaging private 

landowners and funders to establish CEs, whom I refer to as “finders.” In this framework, CE 

acquisitions require not only a successful negotiation with the seller (a private landowner), but also 

within the acquisition system between finder and funder(s) that have their own respective 

priorities, strategies, and intended outcomes. Upon establishment of a CE, the funder, finder or a 

third party will hold the CE for long-term monitoring and enforcement. In this study, I ask if the 

spatial pattern of existing CEs contributes to landscape-scale conservation outcomes, and if so, is 

this the result of deliberate targeting by finders and funders within the CE acquisition system? 
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Figure 5 - The conservation easement acquisition system within the buyer-seller easement transaction 

Prior research has explored the spatial patterns of CEs at the landscape-level, including the 

ecological, agricultural, and recreation contributions of CEs; the alignment of CEs with defined, 

science-based priority areas; the influence of interacting social and environmental variables on the 

spatial distribution of CEs; and, potential results and consequences of these landscape patterns 

(Yuan-Farrell et al. 2005; Rissman and Merenlender 2008; Fisher and Dills 2012; Baldwin and 

Leonard 2015). However, literature remains limited on spatial patterns of CEs in mixed-

jurisdiction working landscapes and their contributions to landscape-scale conservation, as well as 

how CE buyers influence this spatial pattern. To explore these issues, I selected southeast Arizona 

and southwest New Mexico as a case study to analyze CEs and the stakeholders involved in their 

establishment. The area lies within the Madrean Archipelago ecoregion, recognized as one of the 

most biodiverse areas in the U.S. and a global priority conservation area (Olson and Dinerstein 

2002; Mittermeier et al. 2004); land ownership and management responsibility is divided between 

federal, state, tribal and private actors, resulting in a landscape with varying levels of vulnerability 

to conversion and development threats (Figure 6). CEs have also been utilized as a strategy to 

reduce development in the region for more than three decades (Curtin et al. 2002). The first CE in 

Arizona was established in the region in 1983, and steady growth in the regional CE portfolio has 
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fueled statewide growth of CEs in Arizona and New Mexico. Between 1998 and 2015, public 

investments in CEs in both states totaled more than $271 million (Trust for Public Land, 2017), 

and more than half of the total area protected by CEs in both states falls within the seven counties5 

that make up the US-portion of the Madrean Archipelago (National Conservation Easement 

Database 2017).  

Figure 6 - Extent of conservation easements, private and State Trust wildlands, protected areas and development in 
the study area 

 
 

                                                 
5 Graham, Greenlee, Cochise, Pima, Pinal, and Santa Cruz counties in Arizona, and Grant and Hidalgo counties in 
New Mexico. 
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The objectives of this study were: (1) identify the spatial pattern of existing CEs relative to 

conservation values with landscape-scale significance; (2) examine the CE acquisition system to 

identify the roles different organizations play within the system, their conservation priorities, 

perceptions on resources conserved by CEs, and other spatial considerations factoring in the 

pursuit of CEs; (3) assess the degree to which the spatial pattern of CEs is consistent with the 

priorities and strategies expressed by the CE acquisition system; and, (4) consider the future of 

landscape-scale conservation in the study area in terms of three elements – the dynamics between 

the supply of private land with conservation values and demand for CEs, the influence of State 

Trust land and uncertainty surrounding it, and how increasing transparency on CEs may influence 

future conservation efforts. Merging the spatial outcomes of CEs on the landscape with stakeholder 

motivations and objectives, provides valuable insights on whether CEs are utilized to achieve a 

broader landscape-scape strategy, or are disparate acts by various actors. A spatial analysis of 

existing CEs in the region identified the spatial pattern relative to grasslands, riparian areas, and 

existing protected areas, while stakeholder interviews explored the process occurring within the 

CE acquisition system and how it may influence the spatial pattern observed. If CEs are more 

closely aligned with these conservation values, and this pattern corresponds with the objectives of 

the CE acquisition system, this would suggest that the market-based CE model is effective in 

contributing to landscape-scale conversation outcomes in multi-jurisdiction western landscapes, 

and should be accounted for in regional conservation planning.  
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2. METHODS 

 
2.1 STUDY AREA 
 

The study area is defined by the intersection of the Environmental Protection Agency’s 

Madrean Archipelago Level III ecoregion, based on Omernik’s (1987) “Ecoregions of the 

coterminous United States,” with U.S. Geological Survey (USGS) Hydrologic Unit Code 10-digit 

watershed boundaries. The study area covers 6,369,609 ha (Table 3) of which 87% lies in Arizona 

and 13% in New Mexico. The study area contains the entire U.S. portion of the Madrean 

Archipelago ecoregion, which spans the U.S.-Mexico border to encompass 180,000 square 

kilometers including portions of the Mexican states of Chihuahua and Sonora. The region is 

characterized by basin-and-range topography with isolated mountain ranges topped with pine-oak 

woodland and mixed conifer forest separated by desert grassland and scrub basins, and intervening 

riparian corridors (Turner et al. 2005; Lopez-Hoffman and Quijada-Mascarenas 2012; Ruhlman et 

al. 2012). Complex topography, steep elevation gradients, and geography – at the convergence of 

the Sonoran and Chihuahuan Deserts, the Rocky Mountains and Sierra Madre Occidental, and 

North American Prairies to the east – contribute to form a zone of exceptional species richness, 

high levels of endemism, and habitat diversity (Felger and Wilson 1995; Warshall 1995; 

Koprowksi 2005).  
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Table 3 - Land tenure, extent of development and protection status of wildlands 

 
 

Land Tenure 

Study Area Developed Area Protected Wildlands Unprotected 
Wildlands 

Area (ha) Percent 
(%) 

Area (ha) Percent 
(%) 

Area (ha) Percent 
(%) 

Area (ha) Percent 
(%) 

Federal 2,024,233 6,850 6,850 2.6 2,017,383 90.6 - - 
Local Govt. 37,283 461 461 0.2 36,821 1.6 - - 

Private 1,647,972 240,273 240,273 91.8 161,8511                                                                     7.3 1,245,847 43.5 
State 1,638,351 9,918 9,9182 3.8 11,065 0.5 1,617,368 53.6 

Tribal 1,021,771
3 

4,327 4,327 1.7 - - - - 

Total (ha) 6,369,609 261,830 2,227,120 2,863,215 
Percent of 

Study Area  100 4.1 35 45 
1 Includes NGO conservation lands (6,697 ha) and conservation easements (155,154 ha) 
2 Developed state lands are primarily State Trust lands leased for commercial and cultivated agriculture, while 
protected state lands include state wildlife areas and parks. Unprotected state wildlands are primarily State Trust 
grazing leases. 
3 1,017,443 ha of wildlands fall on Tribal lands (15.9% of total study area and 16.7% of all wildlands). These lands 
were not included in this analysis because of their special status. 
 

Land tenure in the area is a mosaic of federal, state, tribal, and private lands. The federal 

government is the largest landowner in the region, managing approximately 32% of the study area, 

while private and state lands both make up 26% of the study area (Table 3). Tribal entities manage 

16% of the study area, but because of their special status and sovereignty, they were not included 

in this study. Most of the region is rural, undeveloped, and primarily used for extensive cattle 

ranching (Ruhlman et al. 2012). Developed areas – housing and commercial infrastructure, 

cultivated agriculture and mining activities – make up only four percent of the study area, which 

is heavily concentrated on private lands (USGS 2011). Wildlands persist on the remaining 95% of 

the study area, with 35% of the area protected and 45% unprotected. Slightly more than 90% of 

protected wildlands are managed federally, including the Coronado National Forest; Las Cienegas 

and San Pedro Riparian National Conservation Areas; Chiricahua and Coronado National 

Monuments; Saguaro National Park; and, the Buenos Aires, Leslie Canyon, and San Bernardino 

National Wildlife Refuges. The State of Arizona also manages several state parks, natural areas 

and wildlife areas in the region, though these account for less than 1% of protected wildlands. 
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Additionally, local government entities, most notably Pima County, and local collaborative 

conservation groups and land trusts, have amassed considerable conservation holdings and 

interests in the region, the majority (74%) of which is land protected by CEs.  

The area’s history of settlement, ongoing development and population growth at a rate of 

approximately 25% per decade, and extractive land uses, coupled with dynamic climatic and 

environmental factors have significantly impacted the region’s biodiversity and ecosystems, and 

continue to shape contemporary conservation efforts (Gorenflo 2011; Lopez-Hoffman and 

Quijada-Mascarenas 2012). While preserving large connected landscapes is critical to address 

landscape-scale stressors such as fragmentation and climate change (Franklin 1993; Opdam and 

Wascher 2003; Fischer and Lindenmayer 2007), existing protected areas are concentrated in the 

region’s higher elevations (>1,200 m) and around several isolated geographic features such as the 

upper San Pedro River, the Empire Valley, and the southern Altar Valley (Lopez-Hoffman and 

Quijada-Mascarenas, 2012).  

Maintaining “continuous landscapes” from valley bottom to mountain top, and larger 

“mountain-to-mountain spans” is needed to preserve landscape connectivity and functional 

ecosystems, and support species adaptation to anthropogenic and climate-induced changes in 

habitat (Turner et al., 2005). Strategically, this translates to maintaining areas that connect and 

buffer existing protected areas, as well as preserving ecosystem types that provide landscape 

connections and are underrepresented in existing protected areas (Scott et al., 2001; DeFries et al., 

2007). Grasslands and riparian areas are recognized as regional conservation priorities; they 

disproportionately fall on private lands (Table 2), support high levels of regional biodiversity, and 

play a critical role connecting the landscape across elevation and climate gradients (Whetstone 

1995; McClaran and Van Devender, 1997; Misztal et al., 2016). Additionally, conservation of 
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“working landscapes,” based on the assumption that well-managed ranching provides a sustainable 

means to balance human and ecological needs and achieve conservation outcomes, has been 

embraced by a wide range of stakeholders in the region (Curtin et al., 2002; Lopez-Hoffman and 

Quijada-Mascarenas, 2012; Charnley et al., 2014). 

Table 4 - Grassland and riparian area management responsibility 

Tenure Grasslands Riparian Areas 
Area (ha) Percent (%) Area (ha) Percent (%) 

Federal 353,603 25.4 13,197 19.0 
Local/County 4,715 0.3 967 1.4 

Private 584,573 42.1 20,897 30.0 
State 367,610 26.4 12,491 18.0 

Tribal 79,552 5.7 21,999 31.6 
Total (ha) 1,390,053 69,550 

Percent of Total 
Study Area  

21.8 1.1 

 

2.2 SPATIAL ANALYSIS  
 

To recognize the potential landscape-scale conservation outcomes of CEs in the region, I 

conducted a spatial analysis assessing the pattern of existing CEs compared to grasslands, riparian 

areas and distance from protected areas in an ArcGIS 10.4 (ESRI 2016) environment with the 

spatial analyst extension. I developed a comprehensive spatial dataset of CEs in the study area 

using both open and closed-source data, as well as land ownership, grassland and riparian areas, 

and protected area layers using open-source data (Table 5). All data were projected in the Albers 

Equal Area Conic projection for North America to reduce error from multiple projections utilized 

in source data (Fisher and Dills 2012).  
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Table 5 - Synthesized spatial analysis layers and source data 

Data Layer Source  

Conservation easements NCED (v. 8/15/2017), USGS PAD-US 1.4, TNC, ALWT, and Pima 
County lands databases 

Developed/converted areas USGS GAP/LANDFIRE National Terrestrial Ecosystems 2011 
Grasslands USGS GAP/LANDFIRE National Terrestrial Ecosystems 2011 

Protected areas BLM AZ Surface Management (v. 4/13/2017), BLM NM Surface Land 
Ownership (v. 3/8/2012), PAD-US 1.4, Pima County Lands database 

Private wildlands 
BLM AZ Surface Management (v. 4/13/2017), BLM NM Surface Land 
Ownership (v. 3/8/2012), USGS GAP/LANDFIRE National Terrestrial 

Ecosystems 2011 
Riparian areas USGS GAP/LANDFIRE National Terrestrial Ecosystems 2011 

State Trust wildlands 
BLM AZ Surface Management (v. 4/13/2017), BLM NM Surface Land 
Ownership (v. 3/8/2012), USGS GAP/LANDFIRE National Terrestrial 

Ecosystems 2011 
 

The basis of the CE dataset was the open-source National Conservation Easement Database 

(NCED) and USGS Protected Areas Database (PAD-US 1.4), combined with closed-source data 

provided by The Nature Conservancy, the Arizona Land and Water Trust, and Pima County. Data 

were cross-referenced between sources and representatives of CE holding organizations to verify 

accuracy and identify any duplicate entries. In the case of duplicate entries, primary source data 

was prioritized. Minimum data required for inclusion in the dataset was CE location and 

boundaries, as well as the organization holding the CE. Each entry in the dataset was assumed to 

be an individual agreement, though some entries potentially include multiple CEs. Thus, the count 

of individual agreements was likely imprecise, and methods were designed to avoid calculations 

related to count of individual agreements. Finally, data for CEs held by the New Mexico Land 

Conservancy within the study area (approximately four to six CEs) was not available, though their 

absence was not expected to significantly impact results because they likely account for a small 

percentage of the total CE area in the study area. This dataset represents the most comprehensive 

collection of spatial data on the region’s CEs to-date 

The resulting dataset included 158 CEs held by 16 different organizations covering 155,845 

ha, or 2.5% of the study area (Table 6). A diverse set of organizations holds these CEs, including 
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six federal agencies, five NGOs and land trusts, two state agencies, and one county. The majority 

of CE area is held by NGOs and land trusts (82%), with The Nature Conservancy holding the most 

CEs and majority of CE area. Pima County holds the second most CEs, though this is only a small 

fraction of the total CE area, while the Malpai Borderlands Group holds the second most area. 153 

CEs are in Arizona, with only five in New Mexico, but these five constitute 70% of the total CE 

area in the region (109,698 ha). In terms of area, the dataset is highly skewed; the mean area is 986 

ha, while the median is 31 ha, and the 10th and 90th percentile are 1.9 ha and 633 ha respectively. 

Furthermore, less than 10% of CEs (12 of the 158) are larger than 1,000 ha, but contribute more 

than 90% of the total CE area. Because the largest CE alone contains more than 50% of all CE 

area6, I chose to conduct my analysis twice – first with the full dataset, and again with the largest 

CE excluded from both the CE dataset and the underlying private wildland layer, to identify trends 

that might be masked or overwhelmed by the influence of this outlier.  

 

 

 

 

 

 

 

 

 

                                                 
6 The largest CE is 81,988 ha and contains much of the historic Gray Ranch in New Mexico’s Animas Valley. For 
more information on the Gray Ranch and efforts to conserve it, see Working Wilderness (Sayre 2005). 
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Table 6 - Conservation easement holders and holdings in study area, including purpose and year(s) established 

Easement Holder No. of CEs Area (ha) Stated Purpose of CEs Year(s) Established 
Collaborative NGOs & Land Trusts 
Altar Valley Conservation 
Alliance 

1 80 Mitigation 2002 

Arizona Land & Water Trust 22 5,625 Open Space – Ranch, 
Farm, Other 

1990, 1994, 1998, 1999, 
2003, 2005, 2006, 2007, 
2009, 2011, 2013, 2015 

Malpai Borderlands Group 7 30,526 Open Space - Other 1994, Unknown 
New Mexico Land Conservancy unknown unknown Unknown Unknown 
Rincon Institute 2 11 Unknown 1997, 1999 
The Nature Conservancy 64 98,215 Environmental Systems 1983, 1988, 1989, 1990, 

1992, 1993, 1994, 1995, 
1996, 1997, 1999, 2000, 
2003, 2004, 2007, 2008, 

2009, 2015 
Local Government & State Agencies 
Pima County 35 639 Unknown Unknown 
Arizona Dept. of Game & Fish 4 248 Unknown 2011 
Arizona State Parks 1 7,102 Unknown 1999 
Federal Agencies 
Bureau of Land Management 13 2,865 Environmental Systems 1993, 1996, 2000, 2006, 

2007, 2008, 2009, 2010, 
2011,  

Bureau of Reclamation 2 328 Mitigation 2002 
Customs & Border Patrol 1 754 Environmental Systems 2016 
Fish & Wildlife Service 2 8,297 Environmental Systems 1999, 2001 
Forest Service  1 0.5 Environmental Systems 1989 
National Park Service 1 0.3 Historic Preservation Unknown 
Natural Resources Conservation 
Service 

2 1,154 Environmental Systems 2012, 2013 

TOTAL 158 155,845 –   –  
 

 
Because CEs may overlap with grasslands and riparian areas, but CEs and protected areas 

are mutually exclusive, two different methodologies were used to analyze the spatial pattern 

relative to ecosystem type and proximity to protected areas. Land cover data was used to identify 

developed and converted areas, grasslands, and riparian areas by converting 30 x 30m raster data 

into polygons. These polygons were then used to subset surface management data and CE data to 

identify all CE, private, and State Trust wildland areas, grasslands, and riparian areas (Tables 1 

and 2). With resource and land ownership coverages identified, calculations were completed to 

identify the spatial pattern of CEs relative to these resources. First, I calculated the overall 

proportion of private wildlands under CEs –  
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Equation 1 - Percent of private wildland area in conservation easement 

(CE wildland area / private wildland area) x 100% = percent private wildland in CEs 

 

I then calculated the percentages of private grassland and riparian areas under CEs –  

 
Equation 2 - Percent of private grassland area in conservation easement 

(CE grassland area / private grassland area) x 100% = percent private grassland under CEs 

 
Equation 3 - Percent of private riparian area in conservation easement 

(CE riparian area / private riparian area) x 100% = percent private riparian under CEs 

 

I judged the spatial pattern of existing CEs in relation to specific ecosystems types by 

comparing the percentage of private land with CE for each ecosystem type (equation 2 for 

grasslands and equation 3 for riparian areas) to the overall percentage of private wildlands with 

CE (equation 1). If the percentage of land with CE in an ecosystem type is greater than the overall 

percentage of private wildlands with CE, this would suggest a relative preference for CE 

establishment in that ecosystem. Conversely, if the percentage of CE in an ecosystem type is less 

than the overall percentage, this would suggest a relative avoidance of the ecosystem type. 

Separately, to assess the pattern of CEs relative to the distance from protected areas. I 

compiled a protected area spatial dataset that included all undeveloped federal conservation, 

multiple-use, and military holdings; state parks, natural areas and wildlife areas; county 

conservation lands and parks; and, NGO and land trust conservation holdings held in fee. All 

protected areas were then aggregated to form larger, contiguous protected patches across the 

landscape. To minimize the influence of small discontinuous “protected” patches, the number of 

features in the protected dataset was reduced by removing all protected patches smaller than 100-

ha. With this refined protected area dataset, I then calculated the amount of private wildland and 
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CE wildland area in 1 km intervals from the nearest protected area using the multiple ring buffer 

tool within the proximity toolset in ArcGIS. These intervals extended from 1 km to >10 km 

reflecting 11 measurements in total –  

Equation 4 - Percent of private wildlands in conservation easement in each 1 km interval from nearest protected area 

(CE wildland area in interval / private wildland area in interval) x 100% = 
percent of private wildland under CE in 1 km interval 

 

I judged the pattern of CEs in relation to distance from protected areas by comparing the 

percentage of private wildlands with CE in each 1 km interval (Equation 4) to the overall 

percentage of private wildlands in CE (Equation 1). If the percentage of private wildlands in CE 

in an interval exceeds the overall percentage, this would suggest a relative selection towards that 

distance interval, while a percentage lower than the overall percentage would suggest a relative 

avoidance of that distance. Additionally, to account for CEs that may have a portion of their total 

area in the interval closest to a protected area but span into further intervals, I also calculated the 

distance to nearest protected area for each CE in the dataset.  

To assess the potential impact of State Trust land conversion and development, I compared 

the percentage of State Trust land in grasslands, riparian areas, and in each 1 km interval from 

protected areas to the overall percent of unprotected wildlands in State Trust ownership (53.6% 

from Table 1). If the percentage of State Trust land is greater than the overall percentage, this 

would suggest a greater potential impact from State Trust land conversion. A percentage lower 

than the overall percentage, would suggest smaller potential impact. 

These methods include several key assumptions. First, they assume that proximity to 

existing protected areas results in increased connectivity, irrespective of landscape features – 

natural or human built – that may facilitate or impede actual species movement. Second, they 

assume that only protected patches larger than 100-ha influence the spatial pattern of CEs. Third, 
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the grassland and riparian area polygons created from land cover raster data are accurate 

representations of the distribution of these ecosystem types on the landscape. Grasslands in region 

are naturally fragmented (McClaran and Van Devender 1997) and some riparian areas may cover 

areas not large enough to be captured in 30 x 30 m resolution land cover data, both of which are 

characteristics that lend themselves to boundary distortions. Finally, the approach undertaken in 

this analysis had several limitations, including (a) the qualitative elements of grasslands and 

riparian areas, for example grassland condition or the presence of perennial water, were not 

considered; (b) the potential influence of protected areas beyond the study area boundary were not 

considered; (c) the analysis did not account for growth in the protected area portfolio of the region 

during the same period of CE growth (post-1983); and, (d) no consideration was given to how CEs 

may influence each other at the landscape-scale. 

2.3 STAKEHOLDER ANALYSIS 
 

 To explore potential effects and influences of the CE acquisition system on the spatial 

pattern of CEs, I completed interviews with representatives from the principal organizations 

engaged in establishing CEs in the study area. Interviewees included representatives of most CE 

holders identified in the spatial analysis, public land agency employees with CE programs, and 

representatives of land trusts active in the area. Between August 2016 and February 2017, I 

completed 18 semi-structured interviews with 20 individuals representing, 13 organizations (Table 

5). Interviews were conducted in-person or by phone, depending on availability or location, and 

typically interviews lasted between 45 minutes and 90 minutes in length.  

 Interviews began with basic attribute questions to determine the primary role each 

organization played within the CE acquisition system. I classified organizations as “finders” and 

“funders” (Table 7) based on two criteria: (1) do they directly interface and conduct negotiations 
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with private landowners through the acquisition process; and, (2) do they receive funding for their 

CE acquisitions directly through their organization or do they acquire funding through a partner. 

Finders lead interactions with private landowners through the CE acquisition process, but rarely 

have internal funding to complete a transaction. Alternatively, funders rarely interact with private 

landowners directly, usually relying on finder, but typically have access to or can apply for funding 

within their organization.  Finders were primarily land trusts and conservation NGOs, while 

funders were more likely to be public land management agencies. As finders and funders 

collectively wield control over where CEs are pursued and established, I analyzed and reported 

interview results by role and report to understand the integration of the actors’ actions. 

Table 7 - Finders and funders interviewed in this study 

Finders (n=6) Funders (n=7) 
Arizona Dept. of Forestry & Fire 
Arizona Land & Water Trust 
Malpai Borderlands Group 
New Mexico Land Conservancy 
The Nature Conservancy 
Trust for Public Land 

Arizona Dept. of Game & Fish 
Bureau of Land Management 
Natural Resources Conservation Service 
Pima County 
The Conservation Fund 
U.S. Fish & Wildlife Service 
U.S. Forest Service 

 

I conducted semi-structured interviews to elicit information on the process and 

considerations within the CE acquisition system that influence the spatial pattern of CEs, and 

potential landscape-scale conservation outcomes. I transcribed interview notes and coded them for 

reference to three primary questions: (1) what are the organizations’ conservation priorities 

regarding CEs; (2) what resources do the CEs established by the organization protect or conserve; 

and, (3) what are the specific property attributes influencing where CEs are pursued? The first 

question identified intended outcomes organizations seek to achieve through CEs, as well as how 

closely they are aligned with larger-scale regional conservation priorities. I expected responses 

would reflect the characteristics and objectives of each respective organization and their role 



43 
 

within the acquisition system. Alternatively, the second question provided insights on the 

perceived results of CEs, and how actor intent (represented by their priorities) translates on-the-

ground (and likely in the spatial pattern of CEs). The third question identified specific property 

attributes with potential spatial considerations that might further explain the spatial pattern in the 

region. I expected a range of responses from individual property characteristics to more system-

wide considerations. In addition to these primary questions, I coded references to the future of CEs 

in study area and mention of other landscape-scale considerations. These results provide insights 

on trends in regional private land conservation, and their implications for landscape-scale 

conservation efforts presently and into the future.  

2.4 COMPARISON OF SPATIAL PATTERN AND STAKEHOLDER OBJECTIVES 
 
 

I assessed the consistency between the spatial pattern of CEs and the objectives of the CE 

acquisition system by comparing the relative preference (avoidance) of CEs in grasslands, riparian 

areas, and distance from protected areas to the priorities, resources protected, and specific property 

attributes expressed by finders and funders. For example, I compared the relative preference for 

CEs in grasslands to the importance of grasslands in the priorities, resources protected, and 

property attributes expressed. I assumed consistency between the spatial pattern and stakeholder 

responses, suggests a causal relationship between the location of CEs and the desired outcomes of 

the CE acquisition system. This secondary analysis aided in surmising whether the use of CEs 

constitutes a conservation strategy that facilitates landscape-scale outcomes.   

3. RESULTS 

 
CEs encompass 11.1% of all private wildlands in the study area, and with the largest CE 

excluded from both the CE dataset and underlying private wildlands dataset, this percentage 

decreases to 5.3%. Notably, CEs in the region are almost entirely concentrated on wildlands; 
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only 691 ha (less than 0.5% of the total CE area) is developed or converted, and most of which is 

cultivated cropland along the Lower San Pedro River.  

In assessing the spatial pattern of CEs compared to grasslands and riparian areas, I found 

patterns that suggest relative preference and avoidance for each ecosystem type respectively 

(Figure 7). CE area occurred at a higher percentage (17.5%) on private grasslands and at a lower 

percentage of private riparian areas (5.3%), than the overall percentage they occur on all private 

wildlands (11.3%). With the largest CE excluded from the dataset, the percentages that CE area 

occur on private grasslands (9%) and riparian areas (2.6%) versus the overall rate of 5.3%, are 

lower than when compared to the analysis with the full dataset, but the general trends remained 

the same. These results suggest preference for grasslands and avoidance of riparian areas on the 

part of CE buyers.  

Figure 7 - Percent of private wildlands, grasslands and riparian areas in conservation easement 

 

In assessing the spatial pattern relative to distance from protected areas, results varied 

considerably between the full dataset and with the largest CE excluded (Figure 5). With the full 
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increases (Figure 5). Beyond 6 km from protected areas, the percentage of private wildlands under 

CE in each 1 km interval exceeded the overall percentage of private wildlands in CEs. These results 

suggest there is relative preference for establishing CEs on private wildlands farther from protected 

areas. When the largest CE was excluded from the dataset, the results reverse; the percentage of 

private wildlands under CE decreased as distance from protected areas increased (Figure 5). Up to 

4 km from protected areas, the percentage of private wildlands under CE in each 1 km interval 

exceeded the overall percentage, but beyond 5 km the percentage of private wildlands in CE 

decreases below the overall percentage of private wildlands in CE, suggesting a preference for 

areas closer to protected areas. Additionally, the distance to nearest protected area calculation, 

revealed that 131 of 158 CEs, or 83%, have some of their area within 1 km of a protected area. 

While the largest CE in the region plays an important role in protecting private wildlands that are 

the furthest from protected areas, CEs on the whole focus on private wildlands closer to protected 

areas. 

Figure 8 - Private wildland area and percentage in conservation easement relative to distance from protected area1 

  

1 A minimum protected area patch size of 100 ha was utilized in analysis to reduce the influence of small (>100 ha), 
discontinuous patches 
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The analysis of distance from protected area analysis revealed a unique characteristic of 

the spatial distribution of unprotected wildlands in the study area. Because there are so many 

protected areas scattered across the landscape, there is more private wildland area closer to 

protected areas than farther – the further you travel from a protected area the more likely you are 

to start approaching another. When considering the total amount of private wildland area protected 

by CEs, the 0-1 km distance interval contains the most CE area regardless of exclusion of the 

largest CE, and total area decreases sequentially through each 1 km interval as distance increases 

from protected areas.  

 In assessing the spatial pattern of State Trust wildlands, I found they occur on unprotected 

grasslands and riparian areas at lower percentages, 43.1% and 37.6% respectively, than the overall 

percent of unprotected wildlands in State Trust ownership (53.6%). Despite these findings, when 

viewed in absolute terms, State Trust lands contain significant grasslands (365,015 ha) and riparian 

area (11,714 ha) in the region. When the pattern is assessed relative to distance from protected 

areas, the percentage State Trust contribute to all unprotected wildlands remains stable at around 

50%, regardless of distance (Figure 6). Like the overall distribution of private wildlands in the 

area, State Trust wildlands are also more concentrated nearer to existing protected areas. When the 

distance to nearest State Trust wildland was calculated for CEs, 72 of 158 or 46% of CEs are 

adjacent to State Trust holdings. These results confirm that State Trust wildlands play an important 

role maintaining open, connected landscapes in the study area. The impact of potential 

development of State Trust wildlands will depend on where exactly this development occurs, and 

given their widespread distribution, much of the landscape remains at risk.  
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Figure 9 - State Trust wildland area and percent of unprotected wildlands in State Trust ownership relative to 
distance from protected area1 

 
1 A minimum protected area patch size of 100 ha was utilized in analysis to reduce the influence of small (>100 ha), 
discontinuous patches 
 
 In analyzing the stakeholder interview results, responses were assessed collectively to 

identify overall trends within the CE acquisition system, as well as by role, to recognize 

concurrence and divergence between finders and funders to understand the relative influence each 

role plays within the system. Responses from both finders and funders on conservation priorities 

and resources conserved by existing CEs fell into five broad categories (Figure 7). Across these 

responses, no priorities emerge that show unanimity or unify the system. Riparian and hydrologic 

resources ranked as the most common priority cited, though this accounted for slightly more than 

60% of respondents. Grasslands were cited as the lowest priority, mentioned by fewer than 25% 

of respondents. The remaining three categories received mention from approximately 45-55% of 

respondents. 
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Figure 10 - Stakeholder priorities regarding conservation easements (numbers within columns represent the count of 
responses) 

 
 

 Responses on the resources conserved by CEs were also evenly spread across the five 

categories (Figure 8). Riparian and hydrologic resources again ranked as one of the top resources 

conserved, as well as landscape connectivity. Contrary to the results on conservation priorities, 

grasslands emerged as another top resource conserved by CEs. Though these were the most 

common responses, they only accounted for approximately 55% of respondents. Finders also 
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Figure 11 - Resources conserved by existing conservation easements (numbers within columns represent the count 
of responses) 

 
 

 When asked about the property attributes that influence where on the landscape CEs are 
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also stated that properties with significant grassland areas was an explicit consideration in their 

CE work. Proximity to existing areas (closer being preferred) and the size of property (with larger 

properties being more desirable), were also cited as attributes influencing where CEs are pursued. 
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Figure 12 – Specific property attributes influencing where CEs are pursued (numbers within columns represent the 
count of responses) 

 
 

 All finders interviewed, and all funders, apart from two, (approximately 85% of 
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mentioned private funding sources, interviewees agreed that these three federal funding programs 

accounted for the clear majority of CE investments in the study area since the 2008-recession.  
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funded. REPI funding is focused solely to protect areas that support military missions (in the study 

area this is primarily the area surrounding Fort Huachuca). LWCF funds are administered by the 

3

2

3

6

1

4

3

5

0

10

20

30

40

50

60

70

80

90

100

Intact grasslands Distance from
protected area

Size of property Available funding

Pe
rc

en
t o

f R
es

po
nd

en
ts

 (%
)

Finders (n=6) Funders (n=7)



51 
 

federal land management agencies through a variety of programs with different priorities, and each 

include a competitive review process at the national level. These include the U.S. Forest Service’s 

Forest Legacy Program that focuses on protecting ecologically or economically valuable forested 

areas on private lands; the Bureau of Land Management can apply for LWCF funds to purchase or 

protect key lands that connect exist holdings or provide recreational access; and, the U.S. Fish and 

Wildlife Service can apply for funds to establish new refuges or protect endangered species habitat. 

Farm Bill funding for CEs focuses on working agricultural and wetland areas, and is administered 

and reviewed at the state-level by NRCS.  

 Interviewees also discussed the present ease in finding properties with values worth 

protecting through CEs, and how that may change moving into the future. Eight of 13 interviewees 

(three finders and five funders) stated that the supply of private land with conservation values (i.e., 

properties worth pursuing for CEs) remains high across the region. Four of 13 (two funders and 

two finders) cautioned that while the supply is currently high, several factors are actively 

diminishing this supply including ongoing development and fragmentation resulting from the 

generational transfer of property. A land trust employee explained, “There exists a real history of 

ranch fragmentation as property is passed down through generations. These smaller and smaller 

parcels become less viable from a conservation standpoint and more susceptible to development 

and real estate speculation.” Finally, six of 13 interviewees, including five finders, said that 

landowner demand for CEs is high and will increase in the future, contributing to a present 

situation where there are tens of thousands of hectares of high value private land “in the queue,” 

awaiting adequate funding to complete. 

When the spatial and stakeholder analyses results are compared, there exists a moderate 

level of consistency between stakeholders’ objectives and the spatial pattern in relation to 
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grasslands and protected areas, but this consistency does not extend to riparian areas (Figure 13). 

Though underemphasized as a conservation priority, stakeholders described targeting properties 

with grasslands as a key strategy in deciding where to establish CEs, and most respondents stated 

grasslands were a top resource protected by CEs. Conserving riparian and hydrologic resources 

was cited as the top priority within the CE acquisition system and one of the primary resources 

protected by CEs, but these responses were not consistent with the spatial pattern of CEs in relation 

to riparian areas. Funders and finders identified landscape connectivity as a top priority and 

resource protected by CEs, and stated that proximity to existing protected areas influenced where 

CEs are pursued. These responses are consistent with the results of the proximity analysis with the 

largest CE excluded, which showed CE area occurred closer to existing protected areas than the 

overall percentage they occur on private wildlands. Although much of the largest CE’s area is 

generally further from protected areas, it does share boundaries with several existing protected 

areas.  

Figure 13 – Comparison of spatial pattern and stakeholder responses   

 Spatial Pattern Stakeholder Priorities Resources Conserved Property Attributes 
Grasslands + ~23% ~54% ~23% 
Riparian Areas – ~62% ~54% N/A 
Distance from 
Protected Areas 

–  (+) ~54% ~54% ~46% 

 

4. DISCUSSION 

 The spatial patterns of CEs identified in this study suggest CEs do play a role in achieving 

landscape-scale conservation outcomes in the Madrean Archipelago. The moderate level of 

consistency between the spatial patterns of CEs in relation to grasslands and distance from 

protected areas, and interview results from stakeholders in the CE acquisition system, further 

suggests that these outcomes may be the result of deliberate strategies utilized in the CE acquisition 

system. The inconsistency between spatial pattern of CEs in relation to riparian areas and 
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stakeholder responses, suggests either the methods utilized in this study to quantify the impact of 

CEs on riparian and hydrologic resources were inadequate, or other factors may be influencing 

how the objectives translate on-the-ground. This study represented a first attempt at identifying 

how CEs and the stakeholders engaged in them may contribute to conservation efforts at a large 

landscape-scale in a multi-jurisdiction, working landscape that characterizes the Intermountain 

West.  

The variability in stakeholder responses, and specifically the lack any unanimous priority 

or priorities, created challenges in identifying causal relations between the CE acquisition system 

and spatial pattern of CEs. Stakeholder responses were considered with equal weight, although it 

is likely that some stakeholders wield more influence within the system than others. The high level 

of agreement that the availability of funding plays the critical role in determining where CEs are 

pursued implies that funders and their priorities may weigh more heavily than those of finders. 

Further research on the dynamics between actors within the CE acquisition system, and the specific 

strategies they are utilize in the pursuit of CEs, will complement these initial finding and provide 

a more robust view of this complex set of actors and interactions that remains understudied.  

As a grasslands conservation tool, CEs appear to be particularly successful in this setting. 

Almost one fifth of all private grasslands are protected from conversion and development, and 

more than 65% of all CE area lies in grasslands. The prominence of grasslands in the spatial 

pattern, is explained by the stakeholder responses emphasizing both grasslands focused priorities 

and strategies, as well as the emphasis on working lands, particularly on the part of finders in the 

region. That finders emphasized working lands more so than funders may reflect the increased 

level of interaction they have with ranchers. These findings support previous research both within 

the region and elsewhere that CEs typically target working lands, and serve as an important 
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strategy for sustaining working landscapes (Huntsinger and Hopkinson 1996; Liffman et al. 2000; 

Curtin et al. 2002; Sayre 2005; Rissman et al. 2007; Rissman and Merenlender 2008; Christensen 

et al. 2014). Thus, the collaboration between finders and ranchers, and the resulting gains in 

grassland conservation, is not unexpected.  Most undeveloped private land in the study area is used 

for ranching, and of the total private undeveloped private lands in the study area 42% is grasslands. 

Further analysis identifying the condition of grasslands protected by CEs, may provide further 

insights on the targeting process utilized by the CE acquisition system, as well as their impact in 

protecting this highly disturbed ecotype. 

Though ranching has been responsible for significant grassland degradation and landscape 

change in the region (McClaran and Van Devender 1997; Lopez-Hoffman and Quijada-

Mascarenas 2012), the emphasis on conserving working lands through CEs may result in several 

positive feedbacks related to landscape-scale conservation. From a working landscapes 

perspective, conservation easements alleviate several critical threats. First, CEs reduce 

development pressure directly by preventing development on the specific parcel encumbered with 

a CE, and indirectly by allowing landowners to capitalize on a percentage of their land’s value 

without selling or developing it. This reduces a landowner’s economic vulnerability by providing 

capital for investments to meet sustainability goals, making operations more durable (Moroney 

2014). Second, CEs reduce tax burdens, easing intergenerational transfer of lands and reduce the 

likelihood heirs might sell or develop (Sheridan et al. 2014). Third, there is evidence from research 

within the study area that ranchers with CEs voluntarily lowered stocking rates, in part because 

they are less vulnerable to economic uncertainty after capitalizing on a portion of their land value, 

suggesting that CEs may result in conservation outcomes at the resource management level 

(Rissman and Sayre 2012). Finally, the working lands approach also broadens the base of support 
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for conservation. While rural landowners, and particularly ranchers, may view some promoters of 

conservation work (particularly federal agencies) with suspicion given the contentious history 

surrounding grazing on western rangelands, the focus on working lands, livelihoods, and cultural 

aspects broadens the base of support and gains buy-in from groups that might not initially be 

concerned with conservation.  

 That the spatial pattern of CEs suggests relative avoidance of riparian areas, particularly 

when riparian area conservation was a stated priority by stakeholders, was unexpected. This lack 

of emphasis of riparian areas in the pattern of CEs across the landscape may be the result of two 

potentially interrelated factors. First, the specific targeting of riparian areas for CE acquisition may 

be difficult since properties that are heavily concentrated along riparian corridors may not exist, 

and private landowners are not incentivized to only sell a CE on a small portion of their property. 

Secondly, the approach to conserving riparian and hydrologic resources may be more nuanced 

than simply acquisition of an ecosystem or land cover type. In interviews, both funders and finders 

described a range of riparian and hydrologic resource values, including supporting watershed 

function and reducing groundwater withdrawal, in addition to protecting riparian corridors and 

vegetation. Conceptually a riparian area represents the focal point of a watershed and a transition 

between terrestrial and aquatic ecosystems (Svejcar 1997). Focusing investments and efforts on 

just the focal point may be inefficient from a cost stand point, and may not actually result in the 

intended outcomes sought from conservation actions. Targeting grassland areas and working lands 

may yield positive results for riparian areas by maintaining watershed function without directly 

having to acquire interest in them, and the specific targeting of rangeland health and uplands has 

been documented to result in water resource conservation in the study area (Nabhan et al. 2014). 

Reducing the subsequent groundwater withdrawal associated with development may be one of the 
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most successful mechanisms CEs provide for protecting conservation of riparian and hydrologic 

resources by not depleting groundwater and lowering the water table (Marshall et al. 2010). 

Regardless of strategy, the fact remains that almost 95% of private riparian areas remain 

unprotected and vulnerable to development should be a concern. Further research on optimal 

placement of CEs at the watershed scale may provide valuable insights in how CEs can best target 

riparian and hydrologic resources.  

 Like the selection of grassland areas by the CE acquisition system, stakeholder interview 

results suggest the concentration of CEs closer to existing protected areas is also a result of 

preference in the CE acquisition system. Finders and funders exhibited widespread agreement that 

landscape connectivity is a priority, and discussed the targeting of private lands closer to existing 

protected areas. These finding support those of McDonald et al. (2007) who found that newly 

established conservation areas tend to cluster around existing protected areas, but contrast those of 

Baldwin and Leonard (2015) who found that CEs were found further from existing public 

protected areas, though I expect these differences are the result of different settings and context.  

Alternatively, given the interconnected nature of public and private lands within the 

region’s ranches, protecting private ranchlands with CEs likely results in protection of lands that 

buffer existing protected areas. Rissman et al. (2007) found evidence that conservation 

organizations target working lands to provide buffer protection to existing protected areas.  Though 

the findings from the distance analysis performed in this study demonstrated that CEs are 

concentrated closer to existing protected areas than the overall percentage they occur on all private 

wildlands, because the dominant land uses for CEs in this study were unknown, this finding could 

not be confirmed. Further spatial analysis integrating dominant land use, as well as data on public 

grazing land may yield more information on this.  
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One example that embodies the nexus of these various priorities and conservation 

strategies, tying together existing protected areas, grasslands and riparian areas within a broader 

working landscape, and necessity of funding availability are the CEs established by the U.S. Fish 

and Wildlife Service near the Leslie Canyon National Wildlife Refuge (Figure 14). The 

approximately 1120 ha refuge was established in 1988 to protect two species of fish endemic to 

the Rio Yaqui watershed, the Yaqui chub (Gila purpurea) and the Yaqui topminnow (Poeciliopsis 

sonoriensis), as well as the velvet ash- black walnut-cottonwood riparian forest that runs along that 

stretch of Leslie Creek (U.S. Fish and Wildlife Service 2013). Hydrologic studies indicated that 

the water in the creek relied on recharge of winter precipitation in the privately held uplands of the 

watershed (Bill Radke, private communication). Over a decade, refuge management developed a 

collaborative relationship with two neighboring ranchers in the primarily grassland uplands that 

stretch from the refuge to the foothills of the Chiricahua Mountains in the Coronado National 

Forest. These partnerships culminated in the establishment of two CEs that cover almost 8,300 ha. 

The application and resulting outcomes of these CEs, including protecting grasslands in a broader 

working landscape, maintaining watershed integrity and function, preserving landscape 

connections between two protected areas, and buffering each of those protected areas all exemplify 

the findings of this study. Perhaps most critical to this case study though, was the fact that funding 

was available for the CE acquisitions because the ranches were within an approved refuge 

acquisition boundary. The synergy between site specific goals and the broader landscape-scale 

conservation outcomes of CEs are also evident in this example.  
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Figure 14 - Leslie Canyon National Wildlife Refuge and adjoining conservation easements 

 

The current market for CEs in the region provides some insights on the future of the tool 

in this setting. The high supply of private land with conservation values and increasing landowner 

demand for CEs in the study area (several stakeholders attributed this to increasing awareness and 

comfort with the mechanism), contribute to unique market conditions that are quite favorable for 

CE buyers, considering sellers’ priorities have historically driven conservation acquisitions 

(Fairfax 1996). To the degree to which finders and funders align on projects, current market 

conditions provide opportunities for buyers to make investments that will result in their intended 

outcomes. These market conditions should facilitate efficiency in conservation spending as buyers 
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have their choice in where to invest. Likewise, this should result in additional investment by 

funders as they seek to invest where they will achieve the greatest return on investment (Newburn 

et al. 2006). That nearly all members of the CE acquisition system cited the availability of funding 

as the top factor influencing where CEs are pursued, suggests that funding remains limited despite 

favorable market conditions. Notably, the two funders that did not cite funding as a primary 

consideration (Pima County and the NRCS) both have access to significant and stable funding 

sources – tens of millions of dollars of voter-approved county bond measures and Farm Bill 

funding for CEs in Arizona in fiscal year 2017 was roughly $7 million. 

This hints at another trend that may be developing. As more and more of the landscape is 

placed within some protective status, I expect there will be a point when the market becomes 

saturated from the funder perspective. At this point, funders will cease or significantly decrease 

investments in CEs in the area, and shift to other locations or strategies. In fact, there is evidence 

that this effect is already taking place. Finders that utilize funding sources which rank projects 

nationally, for example the Forest Legacy program, describe the need to submit projects that are 

expansive in their scope or involve significant impact on threatened or endangered species. 

Because the region is replete in potential conservation sites (Gorenflo 2011), I suspect that the 

saturation point for funders will arrive sooner than the supply of private wildlands will diminish 

due to development and fragmentation. 

Though only a limited element of this study, the results on the spatial pattern of State Trust 

wildlands confirm they play an important role in maintaining landscape connectivity. If the status 

quo is maintained, and State Trust wildlands continue to be managed as part of broader working 

landscapes, they will likely continue providing this value at almost no cost to the public. Arizona 

and New Mexico remain two of the largest landholding states in the West, retaining 88% and 69% 
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respectively, of their original land grants from the federal government (Shouder and Fairfax 1996), 

and the Arizona State Land Department asserts that “even the Trust law requirement that Trust 

lands be sold or leased for their highest and best appraised use to the highest bidder at public 

auction creates no danger that these lands will disappear” (Arizona State Land Department 2016).  

Despite this reassurance, conservation stakeholders, many of them active in the CE 

acquisition system, have made numerous primarily unsuccessful attempts to bring important 

portions of State Trust lands into conservation status. Given this lack of success, and the growth 

in CEs, further research is needed to identify the impacts, direct and indirect, of CEs on adjacent 

or jointly managed State Trust land. Some calculations have been offered on the amount of State 

Trust land impacted by CEs (Sayre 2005), though no details on the nature and magnitude of 

impacts are provided. It seems reasonable to ask how reducing development threats on private 

lands might impact the likelihood of disposal and development of neighboring State Trust lands. 

Additionally, as the CE acquisition system matures in the region, there may be valuable lessons 

for proponents of State Trust land reform in developing creative mechanisms to provide for the 

long-term conservation of State Trust wildlands with marginal development value within the 

structure of the State Trust mandate. 

Finally, data regarding CEs is highly aggregated between the range of actors that constitute 

the CE acquisition system, as well as organizations that hold CEs, and rarely publicly available, 

making their conservation accomplishments at the landscape-level difficult to determine 

(Merenlender et al. 2004). Though landowner privacy is often cited as the primary reason for data 

restrictions, CEs are publicly recorded and technically available to those willing to delve into the 

county records, in addition to being heavily subsidized by the public (Fairfax et al. 1996). Despite 

millions of dollars in public investments in CEs, few outside of the CE acquisition system know 
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where and what is protected with existing CEs (Trust for Public Land 2017).  While the National 

Conservation Easement Database is an excellent initial step in increasing transparency on CEs, in 

this project I found that it contained several erroneous CEs (primarily protected areas that had been 

mischaracterized) as well as omitted too many CEs to be an adequate planning tool. As a result, I 

echo Rissman and Merenlender (2008) in calling for more publicly available spatial data on CEs. 

Integrating CE data into ongoing efforts can provide additional details on vulnerability to 

landscape-scale stressors, vulnerability to land use and land cover changes, corridor modeling, and 

in prioritizing areas to conduct restoration efforts that are not at risk of future development, among 

many other applications. Additionally, numerous spatial tools and datasets have been developed 

for the study area and beyond, such as priority grasslands areas, springs, wildlife corridors etc. 

These could easily be merged with an open source, comprehensive CE spatial dataset and land 

ownership data to identify high value areas lacking adequate protection, as well as private lands 

that are protected. 

In concluding an interview, one agency official said "Looking at the landscape-scale might 

be too big when considering individual conservation actions. It’s hard to know where to start, or 

develop a coherent vision that connects multiple stakeholders." In conducting this review of CEs 

in this region, I found a site based tool that results in both expected and unexpected outcomes that 

span broader spatial scales, and inherently connect multiple stakeholders. Although the region’s 

CE acquisition system is a loose collection of actors with no central coordination, the negotiation 

of priorities and objectives between funder, finder and private landowner does appear contribute 

to coherent landscape-scale outcomes. More than 10% of all private wildlands and almost 20% of 

all private grasslands are protected with this tool. From an entire landscape, valley bottom to 



62 
 

mountain top, to a desert wash isolated by suburban development, CEs play a critical role 

maintaining landscape connections, preserving ecosystem functions, and sustaining life.  
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