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Abstract 

 

Climate change presents a threat to the stability of species habitat and 

biodiversity. In the United States, public and private organizations have effectively used 

conservation easement (CEs) as a tool for preserving wildlife habitats and species. 

Despite their considerable success in providing a public good through environmental 

protection, conservation organizations now face uncertainty over future costs, CE legal 

standing and maintaining ecosystems undergoing compositional and functional change 

due to climate change.  

Researchers have discovered strong correlations between specific natural 

landscape attributes and greater levels of species diversity. These discoveries create an 

opportunity for CEs to increase their capacity for biodiversity protection and reduce 

organizational risk. This project devised a series of analyses to explore the use of natural 

landscape attributes resilient to climate change within current CEs and consider their 

impact on future CE planning. Three research questions and related hypotheses focused 

the investigation: 1) Do commitments to protecting biodiversity result in higher 

landscape diversity scores? 2) Do higher scores in climate change resilience correlate 

with larger land parcels? 3) Do higher landscape diversity scores correlate with greater 

connectedness to adjacent parcels? 

T-tests of hypothesis 1 revealed no statistically significant difference in mean 

landscape diversity scores between CEs explicitly managed for biodiversity and those 

with no declared biodiversity protection objectives. Results are compatible with a 



 

 

 

possible knowledge adoption gap by conservation organizations regarding the benefits of 

climate change resilience. 

Regression analysis of hypothesis 2 did not find any evidence that easement size 

was correlated with the measurements of climate change resilience. The findings imply 

that investments in larger parcels may not be the most cost effective way to increase 

scores in easement resilience. However, regression analysis of hypothesis 3 demonstrated 

a high level of correlation between landscape diversity and local connectedness to 

surrounding parcels. The outcome supports the possibility of gaining multiple 

conservation values by investing in just one element of climate change resiliency.  

The evidence suggests that CE designers, interested in the preservation of 

biodiversity, are not leveraging the highly relevant benefits that landscape diversity can 

contribute to their declared conservation objectives. This finding points to a valuable 

opportunity for advancing the capacity of land conservation to preserve biodiversity by 

integrating climate change resiliency. Furthermore, the strong correlations between 

metrics of climate change resilience suggest that by incorporating the methods outlined in 

this thesis into future CE design, organizations can realize the triple bottom line value of 

biodiversity protection, lower land stewardship costs and community conservation 

benefits.   
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Definition of Terms 

 

Extended Conservation 

Benefits 

Environmental protection value that extends beyond the 

borders of target CEs and provides benefits to the larger 

community and society as a whole. 

Conservation Easement 

(CE)  

A legal agreement, in the form of a deed, in which a 

private landowner agrees to restrict certain land uses or 

prevent land development while the property remains in 

private hands. Deeded restrictions are held by a qualified 

land trust or government entity. CEs run with the land, are 

enforceable in perpetuity with succeeding landowners 

subject to their terms. Qualified agencies have affirmative 

legal responsibility to uphold CE terms.  

Conservation organization Land management stakeholders with authority to institute 

biodiversity protection initiatives, react to climate change 

threats and guide economic and legal decision-making.    

Climate change resiliency  

 

Natural landscape elements that support multiple pathways 

of species and ecosystem adaptation. Defined by 

topographic, geologic and elevational variation, range of 

habitats and microclimates and reduced barriers to adaptive 

movements of species and ecosystems (Assembled from 

Anderson et al., 2016).  
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Chapter I 

Introduction 

 

Private land conservation is a fast-growing alternative to traditional public 

managed land preservation in the U.S. Between 2005 and 2015, privately conserved land 

in the U.S. surged 55%, to a total of 56 million acres. In 2015, land conserved under 

private ownership occupied nearly 67% as much area as that managed by the U.S. 

National Park Service (Land Trust Alliance, 2015; NPS, 2017).  Private land 

conservation is often implemented by land trust agencies through conservation easements 

(CEs). Easements are an effective way for both private and public entities to protect land 

through the perpetual restriction of certain rights associated with land ownership.  

Climate change is having a detrimental impact on the biodiversity of plants and 

animals on a global scale (Butchart et al., 2010; Rands et al. 2010 ). As temperatures 

continue to rise, the risk of mass species extinctions also rises. The corresponding loss to 

biodiversity is detrimental to ecological function and ecosystem services. Agriculture and 

fisheries, for example, depend on stable ecosystems to support food production (National 

Research Council, 2013). 

Researchers have found that specific natural landscape features are correlated 

with greater levels of both biological diversity and climate change resilience. 

Geophysical land attributes are now known to impose a larger influence over species 

diversity than climate (Anderson & Ferree, 2010). CEs have been shown be an effective 

means of protecting biologically diverse landscapes (Kiesecker et al., 2007). 
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As climate change advances, conservation organizations face risk from  

increasing management costs and legal jeopardy brought on from severe disturbances to 

ecosystems under their care. For example, species richness is a primary predictor of 

financial investment level in private land conservation (Fishburn et al., 2013); 

accordingly, financial stewardship calls for organizations to protect valuable, biologically 

diverse easements. CEs undergoing environmental disruptions from climate change are 

also more vulnerable to legal challenges (Owley, 2011). Protecting biodiversity with 

easements resilient to climate change degradation, should be a key goal of CEs.  

The Nature Conservancy (TNC) recently expanded its Resilient Land Mapping 

Tool (TNC, 2016). The mapping application utilizes the latest technology in GIS and 

remote landscape analysis to identify climate change resilient land attributes. By 

analyzing each 30 m cell in an area and comparing them to others, the mapping process 

generates scores measuring climate change resilience, landscape diversity and local 

connectedness.  

TNC's updated Land Mapping Tool offers a new opportunity to examine existing 

CEs and provide insights on the extent to which easement designers are capturing the 

natural landscape features known to combat losses to species diversity and the negative 

impacts of climate change. Organizations can make more substantial contributions to the 

preservation of biodiversity and environmental sustainability by improving the efficiency 

and effectiveness of conservation easements. Topics relevant to biodiversity preservation 

and organizational health were investigated through a lens of knowledge adoption, 

organizational cost impact and extended conservation benefits. By leveraging the latest 
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findings on climate change resilient landscapes, conservation organizations can improve 

their institutional viability and efficacy at preserving biodiversity. 

 

Research Significance and Objectives 

The proposed research aimed to strengthen the ability of land conservation 

organizations to preserve biodiversity within the context of climate change. Three 

research objectives guided an evidentiary analysis by focusing on essential elements 

necessary for land conservation organizations to successfully carry out objectives related 

to the sustainable preservation of biodiversity. 

First, I conducted an analysis to examine if agencies are taking advantage of the 

latest findings on climate change resilient landscapes. Is there evidence that CEs 

declaring a priority of biodiversity protection are incorporating the natural geophysical 

landscape attributes known to enhance species diversity?  

Second, the cost of acquiring land is one of the largest expenses conservation 

organizations incur for protecting biodiversity (Fishburn, Boyer, Kareiva, Gaston, &  

Armsworth, 2013). Understanding how much land is necessary to achieve conservation 

objectives helps organizations plan for future expenses. Should conservation 

organizations expect that preserving climate change resilience landscapes will require 

larger parcels as compared to other priorities?  

Third, landscape fragmentation is a risk factor for species extinctions, dangerous 

fluctuations in population size and reductions in genetic diversity (Crooks, 2017; 

Fountain et al., 2016). Conservation organizations that contribute to regional reductions 

in fragmentation improve the long-term viability of biodiversity within protected parcels 
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and can provide external protective benefits to neighboring areas. Is there evidence that 

easements with higher landscape diversity scores also have higher scores in landscape 

connectedness? 

Outputs from a scoring analysis will enable conservation organizations to 

compare parcels based on their capacity to support overall climate change resilience and 

better manage the costs of protecting biodiversity. By maximizing resilient species 

habitat, financial stewardship and community conservation benefits, biodiversity focused 

land protection can help organizations realize the equivalent of triple bottom line 

benefits. The analysis proposed here will assist conservation organizations in selecting 

parcels that offer superior long-term conservation value per acre conserved. 

My objectives were to: 

● Use the latest findings on climate change resilient landscapes to measure how 

well existing CEs are capturing the attributes most favorable to sustaining 

biodiversity.  

● Investigate potential correlations between climate change resilience and CE size.  

● Utilize spatial analysis to test for a correlation between CE landscape diversity 

and the ease with which organisms can move in and out of surrounding areas. 

● Use this project to demonstrate a process for formulating CEs based on their 

inclusion of geophysical attributes known to support species diversity and climate 

change resilience.  
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Background 

Extensive study of climate change has resulted in high levels of scientific 

agreement concerning its anthropogenic cause (IPCC, 2014; AMS, 2019). Because of 

concern over environmental change that has already occurred and forecasts of extreme 

future changes, scientists have long studied the impacts of climate change on earth’s 

biota. Comprehensive scientific inquiry has been conducted to quantify the types of risks 

climate change presents to people, species and ecosystems. Studies consistently reveal 

steady declines in biodiversity over land and ocean (Butchart et al., 2010; Beaumont et 

al., 2011; Rands et al. 2010). Several studies indicate that climate change increases the 

risk of extinctions and causes species to disperse in search of environmental conditions 

more suitable for their survival (Thomas et al., 2004; Thuiller, 2005). Furthermore, the 

disaggregation of local species communities introduces threats to human populations who 

depend on functioning ecosystem services for food production (Pecl et al., 2017).  

    

Geophysical Features Associated with Species Diversity 

Certain natural geophysical features have a greater influence over biodiversity 

than climate. The research on links between geophysical diversity and species diversity 

strongly indicates that by preserving the appropriate types of landscape diversity, land 

conservationists can make an area more resilient to shifting environmental conditions 

brought on by climate change. The following describes the specific attributes of the 

extraordinary findings linking geophysical diversity and species diversity.  
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Landscape diversity. A key study by The Nature Conservancy, conducted in the Eastern 

U.S., Great Lakes and Northern Great Plain regions, demonstrated the important role 

geologic factors play as drivers of species diversity (Anderson & Ferree, 2010). Specific 

geological and topographic settings provide a “stage” on which current and future 

biodiversity is more likely to flourish. Strikingly, the results demonstrated that 

geophysical attributes of the land predicted species diversity and remained reliable 

independent of climate variables. “In all models tested, geophysical variables had a larger 

influence [on species diversity] than climatic variables” (Anderson & Ferree, 2010, p.5). 

Findings suggest that by preserving physical land characteristics that demonstrate a 

natural ability to harbor a rich array of species today, a site can remain resilience to the 

effects of climate change by offering more habitat options to species in the future.   

 

Site resilience. The specific physical features found to promote climate change resilience 

all derived from aspects of geology, topography, land cover types, elevation gradients 

and landscape connectivity (Anderson, Clark, Sheldon, 2014). Determining a site's 

overall climate change resilience was based on combining two other measurements, 1) 

similarities in natural land cover between the target site and surrounding areas and 2) its 

landscape diversity (defined as the number of “microclimates indicated by diverse 

topography, geology and elevation gradients”). A site's "resiliency" score was calculated 

by adding the two measurements together. TNC researchers established a link between 

site resilience and biodiversity by measuring the strength of correlation between areas 

with high resiliency scores and those with known richness in rare species populations and 

natural community occurrences (Anderson et al., 2014). 
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   Anderson et al.'s study helped unite previous research on the relationship 

between geophysical diversity and biodiversity conducted over many years. The idea of 

preserving entire ecosystems and a heterogeneous array of habitat reserves or “arenas” in 

which diverse species communities can form was prophetically outlined decades ago 

(Franklin, 1993; Hunter, Jacobson, & Webb, 1988). The following subheadings 

breakdown the individual parameters of resilient landscapes and show a continuity in 

research findings that lends weight to TNC’s findings on climate change resiliency. 

 

Soil type. Anderson and Ferree (2010) found the diversity of superficial soil texture 

classes and bedrock types to be strong predictors of species diversity. Previous research 

on soil types and their ability to absorb water (infiltration rate) supports this association. 

Variation in soil drainage characteristics were correlated with species richness and 

species diversity in several earlier studies (Nichols, Killingbeck, August, 1998; Motzkin, 

Wilson, Foster, Allen, 1999; Burnett, August, Brown, Killingbeck, 1998). Although the 

total number of drainage classes and species pairings varied among researchers, there was 

consensus that greater diversity in drainage class was positively correlated with increased 

species richness and diversity. 

 

Wetlands. Soil texture, infiltration rates and drainage class are also factors in determining 

the existence of wetlands (Jackson, Thompson & Kolka, 2014). The research done by 

(Anderson et al., 2016) identified wetlands as a significant indicator of climate change 

resilience and species diversity. Micro-topographic variation within wetlands reveal areas 

of moisture accumulation and microclimates favored by a variety of species. In addition, 
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the presence of multiple, distinct wetland “patches” was associated with more extensive 

topographical variation and existence of microhabitats (Anderson et al. 2016).  

The connection between minute differences in wetland topography and species 

diversity was discussed nearly 20 years prior to this research. Micro-topographic 

variation (as small as 1-3 cm) was shown to be significantly correlated to plant species 

richness and species diversity within wetlands areas. (Vivian-Smith, 1997). Previous 

studies have also linked variation in soil composition, nutrient levels and seasonal water 

inundation to biodiversity in both floral and faunal communities (Décamps & Naiman, 

1990; Naiman, Decamps & Pollock, 1993). The importance of multiple wetland patches 

was corroborated in a study demonstrating greater diversity in vascular plants as 

compared to those found in upland temperate deciduous forest (Flinn et al., 2008). 

Interestingly, findings on isolated patches of freshwater wetlands and shallow lakes were 

shown to support “remarkably high” diversity of aquatic birds, plants, amphibians and 

invertebrates (Scheffer et al., 2006).  

 

Elevation and slope aspect. A site’s range of elevation was also a strong predictor of 

species diversity (Anderson & Ferree, 2010). Slope orientation and elevation gradients 

were found to mediate temperature extremes and offer habitat to a wider range of species 

under warming temperatures brought on by climate change (Anderson et al, 2016). 

Other research supports Anderson et al.'s links between species diversity and 

variety in the geophysical characteristics of elevation gradients and slope orientation. A 

wide range of plants and animals are shifting elevation ranges in response to climate 

change (Chen, Hill, Ohlemüller, Roy, & Thomas, 2011). A variety of small mammals, 
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living in Yosemite National Park, utilized over 3200 meters of elevation gradients to 

rearrange in response to climate warming.  The wide range of elevation available in 

Yosemite allowed the mammals to remain in the park and prevented significant losses to 

species diversity (Moritz et al., 2008).  

Differences in hillside slope aspect can cause large variations in ground-flora 

species composition. Significant differences were noted in species composition, species 

richness and Hill’s diversity index, depending on slope orientation in a study comparing 

ground-flora species composition in second-growth and old-growth forest stands (Olivero 

& Hix, 1998). Differences in the amount of solar radiation reaching north and south 

facing slopes impacted local temperature, soil moisture soil nutrients and 

evapotranspiration rates, which in turn created diversification in tree and shrub habitat 

suitability (Sternberg & Shoshany, 2001). For example, slope aspect contributed 

significantly to diversity in oak and olive trees and a variety of flowering and evergreen 

shrubs.  

 

Landscape fragmentation and connectivity. Fragmentation describes the loss of species 

habitat through the process of division into isolated remnants. Fragmented landscapes 

increase risks of species extinctions. An analysis of  over 4000 species of mammals 

across 26 taxonomic orders found a strong association between species habitat 

fragmentation and extinction risk. (Crooks et al, 2017).  

A common method of measuring the potential impact of fragmentation on species 

is by measuring the level of “connectivity” that exists between habitat patches. 

Connectivity measures the amount of favorable habitat available to a focal species 
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(Farina, 2006). The term also incorporates the “degree to which landscapes facilitate or 

impede the movement [of species] between patches” (Taylor, Fahrig, Henein, & 

Merriam, 1993).  

TNC developed an extended definition of connectivity, "local connectedness", 

that addresses fragmentation risks by recognizing that climate change will cause mass 

migrations of organisms across all taxonomic groups, on a scale well beyond individual 

species level (Anderson et al., 2016). Connectedness considers the overall landscape 

structure and the “variety of natural, semi-natural and developed land cover types” that 

can impede ecological processes and the “movement of many types of organisms.”  

A benefit to the preservation of highly connected landscapes is realized through 

higher biodiversity in surrounding areas. Landscape connectivity has been shown to 

increase species richness in adjacent lands. By increasing species richness in target areas, 

a corresponding increase in biodiversity occurred in adjacent connected regions (Brudvig, 

Damschen, Tewksbury, Haddad & Levey, 2009). The biodiversity “spillover”, noted in 

connected corridors, was not observed in other unconnected areas. Therefore CEs, 

designed to protect biodiversity, can offer additional value beyond their borders by 

extending conservation benefits into neighboring areas. 

 

Organizational Impact  

As climate change progresses, easements designed to protect species, habitats and 

ecosystems are at risk of  incurring management costs brought on from disturbances to 

environments under their care. For example, trying to maintain species habitats that are 

being altered due to warmer average temperatures could require larger land acquisitions, 
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increased management costs or unrealized conservation goals (Shaw, Klausmeyer, 

Cameron, Mackenzie & Roehrdanz, 2012). Additionally, environmental alterations, 

brought on by climate change, can jeopardize the legal viability of easement contracts if 

the original conservation purposes can no longer be fulfilled (Owley, 2011). 

Land trusts can realize greater regional conservation gains and better withstand 

legal challenges to CEs by fostering species movements across parcel boundaries. 

Anticipating how climate change may impact a specific local area is difficult and adds an 

element of uncertainty to predicting future environmental conditions. Easements that 

identify the reinforcement of diversity in surrounding areas, for example, can 

demonstrate meaningful conservation value even if on-site purposes are diminished or 

lost. (Lozier et al., 2005; Thompson Jr, 2004).  

A 40-year study of land conservation by TNC sought to understand what variables 

most influenced investment patterns (Fishburn et al., 2013). Key findings showed that  

two variables exerted the greatest influence over investment levels. Biodiversity proved 

to be the most consistent predictor of financial investment level. Secondly, expenditures 

demonstrated a “strong positive correlation between the area protected [in hectares] and 

dollars invested” (Fishburn et al., 2013, p. 225). 

Fishburn et al. (2013) established a biodiversity indicator from species counts of 

native  vertebrates, invertebrates, and plants recorded by NatureServe over the 40 year 

study period. Regression analysis was conducted on more than 16,000 conservation 

easement transactions completed by TNC in the U.S.  A set of biological and 

socioeconomic factors were tested to determine their impact on two response variables, 

total area protected and total dollars invested. Species richness (biodiversity indicator) 
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consistently demonstrated superior r
2
 values over other factors in predicting both the level 

of investment and the overall size of area protected. The cost of land also demonstrated 

explanatory power in predicting the level of financial investment. In earlier decades, 

escalating land cost was associated with less hectares protected. In  later decades, TNC 

showed a pattern of investing more money in areas where land costs were high and 

biodiversity was high. The study suggested that as TNC adopted a greater strategic focus 

on conservation value over time, it devoted more money to acquiring biologically diverse 

lands. The findings support the assertion of a cost impact associated with land 

conservation devoted to biodiversity protection. 

Along with the cost of land acquisition, conservation organizations must also pay 

close attention to the projected ongoing expense of land stewardship. Losses in 

biodiversity and ecosystem function from anthropogenic activities (e.g. carbon emissions, 

invasive species, land conversions) can result in costly management interventions to 

maintain stability. Conserving resilient landscapes, that can both resist ecosystem 

disturbance and rapidly recover from changes in species composition is key to 

maintaining ecological health. Developing robust methods of identifying resilient areas 

and monitoring ecosystem function is necessary for achieving cost effective conservation 

(Oliver et al., 2015). 

Failing to properly anticipate future conservation needs can lead to higher future 

expense (Carwardine et al., 2008). Other research has demonstrated that substantially 

higher biological gains can be achieved by carefully accounting for the projected 

economic cost of conservation activities, rather than focusing solely on just the biological 

benefits. The integration of economic cost into conservation planning should recognize 
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that the cost of conservation varies spatially over the landscape and not all areas are 

equally costly (Naidoo et al., 2006). Identifying and investing in climate change 

resilience parcels can help conservation planners better anticipate and manage future cost 

associated biodiversity protection.  

  

 Research Questions, Hypotheses and Specific Aims 

Informed by the literature above, this research focuses on analyzing existing 

conservation easements (CEs) to assess three markers of climate change resilience and 

their potential impacts on conservation organizations. The analysis will consider 

indicators of knowledge adoption, organizational cost impact, and the potential for 

extended conservation benefits.  The following three questions and their associated 

hypotheses were examined. 

1) Are CEs that claim biodiversity protection doing a better job at capturing the 

elements of landscape diversity than CEs with other priorities?  

 Hypothesis 1: Landscape diversity scores are larger in CEs that prioritize the 

protection of biodiversity than those with other priorities.  

2) Should conservation organizations expect that supporting biodiversity through 

climate change resilient CEs will require larger parcels of land? 

Hypothesis 2: Climate change resilience scores increase with CE land area. 

3) Can easements on land rich in one measurement of climate change resilience 

be expected to offer benefits associated with other measurements of resilience?     

Hypothesis 3: Higher scores in local connectedness are correlated with landscape 

diversity scores. 
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Specific Aims 

To address the research questions and hypotheses, I: 

1. Compiled a database of CEs to serve as a study population. 

2. Recorded information about each parcel's conservation objectives, location, property 

boundaries, acreage and easement holder information. 

3. Measured each parcel to determine its extent of climate change resilience. 

4. Recorded parcel scores based on the three attributes of resilience: landscape diversity, 

local connectedness and overall site resilience to climate change.  

5. Conducted t-test to search for evidence that elements of climate change resilience are 

being utilized for the protection of biodiversity (knowledge adoption). 

6. Used regression analysis to see if evidence existed showing larger easements were an 

effective way to increase overall site resilience scores (organizational cost impact). 

7.  Tested for evidence that high scores in one attribute of resilience might increase scores 

in other elements of climate change resilience (extended conservation benefits). 
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Chapter II 

Methods 

 

The methods of analysis were designed to improve understanding about the 

current use of conservation easements for the preservation of geophysical attributes 

known to promote biodiversity and resilience to the negative impacts of climate change.  

The analyses were centered around innovative research conducted by The Nature 

Conservancy demonstrating strong correlations between geophysical diversity and 

biodiversity (Anderson & Ferree, 2010; Anderson et al., 2016; Anderson et al., 2018). I 

analyzed data from a wide range of conservation easements to determine if there is 

evidence that conservation organizations are capturing the types of landscape attributes 

known to support biodiversity and allow it to remain resilient to the impacts of climate 

change. The following describes the specific data sources, variables and analytical 

techniques that were used to conduct the investigation.     

  

Conservation Easement Database 

To carry out the research objectives I created a database of properties under CE 

oversight. Easement holders include private organizations along with federal, state and 

local government agencies.  The database served as a repository of information on parcel 

configurations for a large cross-section of conservation easements and was the basis for 

data analyses.  
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Sample easements were chosen from a study area that includes all states in the 

Eastern U.S., Great Lakes and Northern Great Plain regions. Easements were selected to  

represent a random cross-section of landscape settings in 26 out 27 ecoregions defined by 

The Nature Conservancy (Clark, 2018) (Figure 1). Sample analyses measured the extent 

to which climate change resilient landscape features are being chosen for biodiversity 

protection and tested to see if feature occurrence scales with easement size and if multiple 

features tend to occur together.   

    

 
 

Figure 1.   Ecoregions for the Eastern U.S. and Great Lakes.  

 

The database (Table 3 Appendix) was constructed from information contained in 

the National Conservation Easement Database (NCED, 2018). The NCED is a 

cooperative effort between the U.S. Forest Service, U.S. Fish and Wildlife Service and 

several non-profit organizations. The NCED offers a searchable database that provided 
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records on 28 different land attributes related to climate change resilience, conservation 

objectives, property boundaries, location and easement holder information.  

To select samples for analysis, raw data on 14,000+ conservation easements 

throughout the United States were downloaded from the NCED.  A GIS map was 

constructed showing easement locations and property boundaries. Map overlays were 

created indicating ecoregion boundaries, national and state parks and longitude and 

latitude lines. The list of CEs retrieved from the NCED was pared down based on the 

following selection criteria.  

 104 easements were selected and segregated into two groups of 52 each based on land 

management intent as it relates to protecting biodiversity. Groupings were defined by 

GAP Code status (Table 1)  as described in the USGS Standards and Methods Manual 

(USGS, 2013). 

 

Table 1.   GAP Status domain codes and descriptions. 

 

 

 Easement group A contains CEs with clear objectives for protecting biodiversity, gap 

codes 1 or 2. Group B contains easements with no known directives for biodiversity 

protection, gap code 4. Gap code 3 easements were not included. 
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 Easements from a variety of ecoregions were chosen to provide a broad, 

representative mix of conserved lands within the study area. Four easements (two 

pairings) were selected from 26 of the 27 ecoregions defined by TNC (Figure 1).  

 Easements were selected in pairs, one for  group A, one for group B. To help reduce 

unintentional bias between groups and capture a representative sample of preserved 

areas within the study region, the following selection criteria was used.  

o Pairings were based on parcels of similar size. Size constraints were defined 

as pairings within the same acreage category (Table 2). A category match was 

obtained in 94% of all pairings. The remaining 6% crossed categories but 

were constrained to pairings with minimal acreage differences (< 90 acres).  

o Each pair of parcels resided in the same ecoregion. To further constrain 

climatic variation within a given ecoregion, easement pairs were chosen from 

similar latitudes (+/- 1.5
o
 N/S). 

o Easements that resided inside a larger protected areas (ex. state or nation park) 

were paired with other easements in similarly protected areas. 

 Once the initial 104 easements were established, each parcel was isolated and 

uploaded into The Nature Conservancy's Resilient Land Mapping Tool. 

 The land mapping tool generated scores for landscape diversity, local connectedness 

and overall site resilience to climate change.  
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Table 2.   Pairing size categories and parcel counts. 

 

   

 

 All Scores were given in z-units where 0 equals the average score in the 40 ha 

reference area and 1 equals one standard deviation above (+) or below (-) the average. 

For example, a low-elevation granite site that scores -2 SD is a site that scores far 

below all other low-elevation granite sites in its region and thus has less landscape 

diversity than other sites of its type (Anderson et al, 2016).  

 Of the 28 land attributes originally captured from the NCED, 11 were retained for 

analysis. Diversity, connectedness and resilience scores were added to NCED data, 

along with longitude and latitude and designations of larger protected areas.    

 The GIS map was finalized to reflect the combined NCED and TNC data  (Figure 2). 
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Figure 2.   Final easement distribution by GAP code status. 

 

Easement Landscape Analysis 

R statistical software (3.5.2 2018-12-20) and ESRI geographic information 

system (GIS) analysis were employed to quantify the level to which conservation 

organizations are capturing climate change resilient landscape attributes within CEs.  The 

analysis reviewed three metrics associated with climate change resilient landscapes: 

landscape diversity, site resilience and local connectedness. 

 

Landscape diversity. As noted in the background review, preserving a variety of defined 

geophysical attributes can increase the amount of microhabitats and climatic gradients 

available for species to exploit. Data recorded in the conservation easement database 

provided an excellent opportunity to test hypothesis 1 by looking for evidence that CEs 

are taking advantage of landscape diversity as a means of protecting biodiversity 
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(knowledge adoption). The hypothesis presumed that if knowledge of climate change 

resilience is widely distributed, easement designers would make greater use of landscape 

diversity to protect biodiversity in the current era of climate change. 

Hypothesis 1 sought evidence that CEs with declared goals for preserving 

biodiversity had higher landscape diversity scores than CEs without such declarations. I 

wanted to know if easement designers were taking advantage of the latest findings on the 

relationship between geophysical diversity and biodiversity. The following methods were 

used to conduct two landscape diversity analyses. 

 Easement groups A and B provided contrasting management purposes and were the 

basis of data for hypothesis 1.  

 Landscape diversity scores, established during the database creation, were the target 

variables under investigation.  

 TNC calculates landscape diversity by first identifying specific landforms (e.g. 

elevation gradients, slope angles, slope aspects, soil type, and degree of moisture) 

found in each 30 x 30 m cell within the parcel boundaries. The 30 m cell is the 

smallest landform unit available based on TNC's map resolution. Each cell is then 

compared to the average number of unique landforms found in a 40 ha (100 acre) 

circle surrounding the 30 m units (Anderson et al., 2016; Anderson et al., 2018). 

Landscape diversity is defined by counting the variety of landforms and 

microclimates within the 30 m target area and comparing them to the regional (40 ha) 

average. 

 Landscape diversity scores estimate of the number of microclimates created from 

variations in elevation range, wetland density and patchiness, and soil diversity.  
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 A two sample t-test was conducted as the principal method of determining if CEs that 

prioritize biodiversity protection (group A) show evidence of statistically significant 

higher diversity scores compared to CEs with no such stated priority (group B). 

 Statistical analysis setup 

o The two data groupings were loaded into R statistical software. 

o A box and whisker plot was constructed to visually examine the profile of 

data distribution and variability around its central value. 

o A two sample t-test was conducted in R (t.test function). 

o  A Shapiro-Wilk test was carried out to see if the data complied with a normal 

distribution (shapiro.test()). 

o The t-test null hypothesis presumed diversity scores are not significantly 

different between the two sample sets. P-values determined null hypothesis 

rejection based on a 95% confidence intervals. 

  

Site resilience. Research question 2 focused on understanding the relationship between 

easement resilience scores and parcel size. Resilience quantifies the capacity of a given 

site to maintain biodiversity and ecological function even as climate change advances 

(Anderson et al, 2016). Combining measurements of the amount of microclimate 

variation and degree of natural cover connecting surrounding areas provides the 

foundation for a site's resilience score. 

Hypothesis 2 tested for evidence of a significant correlation between resilience 

scores and parcel size. Do larger easements tend to capture more of the landforms that 

produce higher resilience scores? Should CE stakeholders expect that investing in larger 
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protected areas is an effective method of supporting climate change resilience? (cost 

impact) Do easements declaring a protection purpose of either biodiversity or 

environmental system change analytical outcomes?  The following methods were used to 

construct the analysis of climate change resilience scores and easement parcel size.   

 TNC’s Resilient Land Mapping Tool was used to establish the parcel’s resilience 

score, NCED data were the source of parcel acreage.  

 To estimate resilience, TNC relies primarily on an equally weighted integration of 

landscape diversity and local connectivity measurements. Site-specific characteristics 

further refined the final resilience score. 

 Scatter plots were constructed to visualize resilience scores (y axis) and parcel size in 

acres (x axis) for all easements. The scatter plots provided a preliminary visual survey 

of potential correlation between the two variables. R command ggplot() was executed 

to produce the scatter plot, command mean() calculated the mean resilience score and 

command lm() was used to develop the linear model.  

 A Pearson correlation test, using R's cor() command was executed to validate the 

visuals displayed in the scatter plot. 

 Statistical analysis setup 

o The initial scatter plot relied on resilience scores and GIS acreage for all 104 

easements collected in the conservation easement database. 

o Two additional data subsets were plotted to compare easement resilience 

scores based on specific conservation purpose.  The two subsets were 

categorized by CEs  either declaring a clear biodiversity protection objective 

and those asserting environment system protection. The biodiversity 
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protection group was represented by Group A. The environmental system 

group was represented by easements with a purpose field code designation of 

"ENV" (environmental system). 

o Linear model p-values were used to compare resilience scores from all data 

groups.  

o The null hypothesis presumed that parcel acreage does not significantly 

influence resilience scores. Hypothesis rejection is based on a 95% confidence 

interval. 

 

Local connectedness. Research question 3 investigates potential correlates of landscape 

connectedness. Hypotheses 1 and 2 tested for relationships between indices of climate 

change resilience and management intent and CE parcel size. I focused on testing for 

possible links between the scoring metrics used to define climate change resiliency. 

Specifically, do scores of local connectedness correlate with scores of landscape 

diversity?  

Local connectedness is a metric of overall landscape structure and variety of land 

cover types. Connectedness considers how natural, semi-natural and developed land 

features impede or enhance ecological processes and the movements of species. 

Hypothesis 3 entertained the possibility that greater variation in the microhabitats and 

climatic gradients associated with landscape diversity may also result in a corresponding 

increase in the number of natural land cover types, a prerequisite of landscape 

connectedness. If a strong correlation exists, it implies that capturing the single element 

of landscape diversity would likely also promote the movement of species into adjacent 
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parcels through greater connectedness (extended conservation benefits). Is there evidence 

that high scores in landscape diversity are correlated with higher landscape 

connectedness?  The following methods describe the analytical design. 

 All 104 easements were used for the analysis. Parcel scores for connectedness and 

landscape diversity were the target variables under study. 

 A scatter plot was constructed to map parcel scores for local connectedness (y axis) 

and landscape diversity (x axis). TNC’s Resilient Land Mapping Tool was used to 

establish both the local connectedness and diversity scores. Variables were 

transformed as needed to fit assumptions of normality and homoscedasticity for linear 

regression. 

 Local connectedness is a measure of the structural connections between natural 

ecosystems within an area. Connectedness is used to analyze land parcels and 

generate scores based on an assessment of the level of resistance to species 

movements outward in all directions through the local area (Anderson et al, 2016). 

Similar to landscape diversity, connectedness starts with a focal cell (a 90 by 90 m 

cell in this case) and then examines neighboring areas to quantify potential barriers 

that can impede ecological flows in to and out of the focal cell. Scoring is based the 

supposition that resistance to species movement between adjacent cells (permeability) 

decreases with land cover similarity (e.g. forest to forest) and increases with 

dissimilarity (e.g., natural area to developed area) (Figure 3). Permeability was 

established by categorizing each cell according to one of sixteen land cover classes 

defined in the National Land Cover Database (NLCD). Land cover types include 

gradations of developed areas, forests, shrub lands, wetlands, herbaceous, cultivated, 
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barren regions and water bodies. Manmade obstructions, like roads, rail lines and 

utility corridors were also considered. Local connectedness scores were calculated by 

coding each cell with a resistance weight (between 1-20, low-high resistance) based 

on land cover type. Resistance was defined as the degree to which a cell alters the 

ecological flow arriving from an adjacent cell. Average cell weights are compared to 

a calculated  regional mean. Local connectedness scores were presented in Z units of 

the standard deviation of cell weights from the regional mean. 

  

 

Figure 3.   Four different land cover types impact on local connectedness. 

 

 Linear regression analysis evaluated the strength of correlation between variables.  

 The statistical analysis setup was: 

o The first scatter plot was assembled from connectedness and diversity scores.  
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o All 104 easements were evaluated in the analysis. 

o A separate study evaluated possible links between connectedness and 

resilience. 

o Pearson's correlation coefficients were calculated. 

o Linear model p-values were the primary metric for hypothesis rejection. 

o The null hypothesis presumed connectedness is not significantly influenced by 

diversity scores. Hypothesis rejection was based on a 95% confidence 

interval. 
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Chapter III 

Results 

 

The overall aim of my research was to investigate the extent to which land 

conservation organizations are using natural landscape characteristics to provide long-

term biodiversity protection and climate change resilience. The investigation was guided 

by three research questions designed to shed light on whether resilient landscape 

elements are being incorporated into conservation easements and fuel discussion on how 

those elements can impact conservation organizations. 

Each research question was supported by a corresponding hypothesis which was 

subjected to statistical analysis. The results are presented below.  

 

Landscape Diversity (Hypothesis 1) 

There was no significant difference in mean diversity scores between easements 

listing biodiversity protection as their primary purpose and those with no known 

commitments to biodiversity. Mean landscape diversity scores were computed for 

easement groups A (bio) and B (other). Scores differed by only a small amount between 

the two groups, favoring the biodiversity group by 0.008 standard deviations. Both 

variables had large deviations around the means, although the variations were similar in 

magnitude (0.867 group A, versus 0.846 group B). While the difference in mean scores 

was small, question 1 remains, could the higher mean score of the biodiversity group 
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represent a signal that commitments to biodiversity protection are resulting in the 

formation of CEs based on a focused selection of land that is high in landscape diversity? 

A boxplot (Figure 4) was created to better visualize the distribution of diversity 

scores between the two groups. The graph reveals a similar distribution of scores.  

 

 
 

Figure 4.   Box and Whiskers plot of diversity scores grouped by protection purpose.  

 

The median diversity scores are visually close to one another, in fact varying by 

only 3%. The first and third quartiles diverge by no greater than 17% and the interquartile 

ranges (IQR) are identical (1.085). Graphing the same dataset into a notched boxplot did 

not produce evidence of significant difference between the median values. The plot 

indicates that one parcel within the biodiversity group is an outlier (red dot), based on the 

1.5 * IQR rule. The outlier represents a diversity score of +2.8 (easement ID: 925498). 

Removing the outlier produced a mean value for the biodiversity protection group of 

0.255, wiping out the slight advantage it had over the opposing group.  



 

30 

 

A two sample t-test was conducted as the principal test to answer research 

question 1 and confirm or reject the hypothesis 1. Before executing the t-test, I subjected 

the two population groups to a Shapiro-Wilk test to see if the data complied with a 

normal distribution. The test produced the following results: Group A,  p-value = 0.5966,  

Group B, p-value = 0.8517. Groups A and B were both well in excess of the 0.05 CI, the 

null hypothesis is maintained and a normal distribution was assumed.  

 The t-test was conducted under the following three assumptions. The sample 

populations were independent (one population based on clear intentions to protect 

biodiversity and the other with no known biodiversity protection directive). The samples 

are normally distributed (Shapiro-Wilk result). The dependent variable (diversity score) 

is continuous.  

The t-test showed the group A mean (0.303) was not significantly different from 

the group B mean (0.295), (p-value = 0.959). I ran one additional t-test on the dataset but 

removed the outlier discovered in the boxplot. Without the outlier, the biodiversity 

protection group lost the slight mean score advantage it had over the comparison group. I 

was curious if the change in mean would have a significant impact on the t-test results. 

The second t-test produced a p-value = 0.804, with a mean in group A = 0.255 and mean 

in group B = 0.295. The 0.80 p-value is compatible with the first test, indicating no 

significant evidence that the null hypothesis should be rejected. 

 

Climate Change Resilience (Hypothesis 2) 

Results of hypothesis 2 testing show little evidence that resilience scores are 

correlated with easement acreage. All 104 easements were used in the regression analysis 
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(Figure 5). The gray horizontal line represents the mean resilience score (0.295). The 

orange regression line represents the linear model's intercept and slope. An extremely low 

r
2
 value (0.0001282) reveals the model explains none of the variation around the mean.  

 

  

Figure 5.   Plot of resilience scores and easement acreage for all easements.  

 

A Pearson correlation test returned a value of -0.011. The linear model revealed 

the predictor variable coefficient p-value was .909. Correlation testing and linear 

modeling both support the scatter plot suggestion of little correlation between resilience 

scores and easement acreage size. The null hypothesis of no correlation between 

variables is maintained. 

Since there was virtually no correlation between resilience scores and acreage 

with all easements combined, I was curious if easements asserting biodiversity or 
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environmental protection goals might show greater evidence of capturing climate change 

resilient attributes. I created  two new datasets and reran the scatter plot analyses. 

Resilience scores were plotted (Figure 6) for easements declaring intentions for 

biodiversity protection and separately for easements with a defined purpose of protecting 

environmental systems, as defined by the Internal Revenue Service, qualified 

conservation contribution (Cornell Law School, 1999b). 

 

 
 

Figure 6.   Plots of resilience scores and easement acreage by biodiversity (left) or 

environmental systems (right) purpose. 

 

The two new plots showed a mild negative linear association between acreage and 

resilience scores. The environmental systems plot (right) showed a stronger negative 

correlation than the biodiversity group. The dark gray horizontal lines represent mean 

resilience scores for each dataset (0.290 and 0.361). The orange regression lines represent 

the linear models' intercept and slope. Low r
2
 values (0.008 and 0.039) indicate that 

neither model explains the variation around the mean. Predictor variable coefficient  p-

values were 0.535 and 0.107 respectively.  

Regression analysis confirmed that in both cases, resilience scores actually 

decline as acres increase. The negative relationship is stronger within the easements 
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declaring environmental system protection but in neither case is the association 

significant enough to reject the null hypothesis.  

To help ensure the regression outputs were valid and that there were no 

significant violations of the model assumptions, I instructed R to run several diagnostic 

plots on both data groupings. The diagnostic plots (Figure 7 & Figure 8) analyzed the 

following data assumptions: data linearity, normal distribution, homogeneity of residual 

variance and the presence of influential outliers.  

Residuals vs. fitted plots were consistent with linear relationships between 

predictor and outcome variables for both data groupings. The normal Q-Q plot is 

consistent with normal data distribution for the biodiversity group. The environmental 

systems groups also indicates comparatively normal distribution but shows more 

variability near the distribution tails, suggesting the possible influence of outliers. Scale-

location failed to show any pronounced patterns in residual distribution and permits 

homogeneity of residual variance to be accepted. The residuals vs. leverage plot refuted 

the suggestion of influential outliers. All data points fell well within cook's distance 

boundaries. 

Scatter plots and regression analysis failed to offer sufficient evidence to reject 

the null hypothesis of resilience scores being independent of CE land area. I detected 

weak hints of a possible negative correlation between acreage and resilience, but the CE 

database did not contain sufficient data groupings to allow a deeper analysis that might 

amplify the weak signals. 
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Figure 7.   Diagnostic plots for easements with biodiversity focus. 

 

 

Figure 8.   Diagnostic plots for easements with environmental system focus. 
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Landscape Connectedness (Hypothesis 3).  

Results of the analysis revealed that connectedness scores increase with diversity 

scores (Figure 9).  All 104 easements were included in the regression analysis.  The 

horizontal line represents the mean connectedness score for all easements (0.274), the 

yellow line is the linear model's intercept and slope (Figure 9). The scatter plot indicated 

a moderate, positive linear relationship exists between the variables. The low r
2
 value 

(0.259), signifies that only about 26%  of the data variability can be explained by the 

model. The scatter pattern of data points around the regression line indicate outliers from 

the fitted model. The Pearson's correlation coefficient is 0.509. 

     

   

Figure 9.   Scatter plot of connectedness scores and diversity scores. 

 

Figure 9 represents the strongest correlation between tested variables discovered 

during my analysis. The regression summary reveals a highly significant p-value 

(<0.0001), indicating that diversity score is indeed a predictor of connectedness scores 

and rejecting the null hypothesis.     
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Diagnostic plots validated the assumptions of data linearity, normal distribution, 

homogeneity of residual variance and the presence of influential outliers (Figure 10) 

 

 

Figure 10.   Regression diagnostic plots for connectedness ~ diversity scores. 

 

The residuals vs. fitted plot showed no clear patterns that would suggest a non-

linear relationship among diversity and connectedness scores. The normal Q-Q plot 

showed the residuals adhere well to the reference line, so a normal distribution is 

accepted. Scale-location showed residual variance is relatively constant along the fitted 

values and supports the assumption of homogeneity. The residuals vs. leverage plot 

showed all data points fall well within cook's distance boundaries, indicating it unlikely 

the model is being influenced by outliers. 

However, the scatter of points might indicate a power function (Figure 9), so I 

also regressed log transformed values of the two variables. Since both variables contained 
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negative values, I applied the following formula prior to log transformation: y = ln(y-

min(y) + 1). Regressing both x and y variables increased r
2
 to 0.288, an 11% gain from 

the untransformed values.  

I also ran a power analysis to estimate the sample size needed to obtain the 

calculated correlation coefficient of 0.509. I used R's pwr.r.test() function to test if my 

sample size was large enough to produce the calculated correlation coefficient. Based on 

the 95% CI and a desired 80% power level, the test calculated a sample size of 27 would 

be needed to have an 80% chance of getting a significant result. The 104 samples 

collected for this analysis were well within the margin needed to produce a significant 

result at the stated power level.    

Hypothesis 3 results made me curious if connectedness scores might also be 

correlated to resilience scores. I decided to rerun the test scenario but swap the predictor 

variable (diversity scores) with resilience scores. Results are for Hypothesis 3a are 

described below. 

 

Hypothesis 3a. Results of the analysis showed that connectedness scores increased with 

resilience scores. I created a new scatter plot showing connectedness scores on the y axis, 

resilience on the x axis (Figure 11). The dark gray horizontal line represents the mean 

connectedness score for all easements (0.274). The yellow line symbolizes new model's 

intercept and slope. The scatter plot indicates a moderately strong, positive linear 

relationship exist between the variables. The  r2 value (0.748) is a 285% increase over the 

diversity based model and signifies 75% of the data variability can be explained by the 

model. The Pearson's correlation coefficient is 0.865 
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Figure 11.   Scatter plot of connectedness scores and resilience scores  

 

The model based on resilience score is even stronger than that discovered for 

diversity and produced a highly significant p-value (< 0.0001), indicating that resilience 

scores have a strong capacity to predict connectedness scores.  

I ran another set of diagnostic plots to evaluate the following four data 

assumptions: data linearity, normal distribution, homogeneity of residual variance and the 

presence of influential outliers (Figure 12). Comparing diagnostics plots showed that 

regression assumptions were upheld for each predictor variable. Similar patterns were 

observed for both sets of diagnostic plots. No significant evidence emerged that refutes 

linear regression modeling assumptions.  
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Figure 12.   Diagnostic plots connectedness / diversity and connectedness /            

resilience. 
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Chapter IV 

Discussion 

 

The hypotheses were designed to examine the extent to which elements of climate 

change resiliency have been incorporated into CEs in specific ways that relate to both the 

protection of biodiversity and the financial and legal aspects of land conservation. 

Research results relied on a new methodology enabling parcel comparisons based on their 

capacity to support the widest array of species habitats and lessen some of the 

organizational risks climate change presents to protecting biodiversity.  

 

Interpretation and Significance of Results 

Hypothesis testing was designed to produce quantifiable results to support an 

informed discussion on each research question. The following provides a summary 

discussion on how the results inform each question. 

 

Research question 1. I looked for indications that conservation easements, 

designed with the expressed purpose of protecting biodiversity, might score higher in 

landscape diversity than CEs with other protection priorities (knowledge adoption). The 

intent was to choose two contrasting groups that would offer the best opportunity to 

detect signals that easement designers were employing a parcel selection strategy that 

aligned with their biodiversity protection objectives. The presumption was, if information 

regarding the full benefits of climate change resilience is well distributed, interest in 
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biodiversity protection would rationally lead to greater use of landscape diversity and be 

detectable through analysis. Failure to detect even a remote signal may indicate a gap in 

knowledge about the potential benefits.  The contrasting groups were chosen in hopes of 

magnifying differences in easement selection strategy. 

Despite initially demonstrating slightly higher mean scores, t-tests failed to show 

any statistical advantage in diversity scores for CEs focused on the preservation of 

biodiversity. The finding suggests that, even when easement designers declare an explicit 

desire to manage their parcels for biodiversity preservation, they are failing to utilize the 

numerous benefits that landscape diversity can offer in helping them achieve their 

conservation objectives.    

I chose landscape diversity as the first test variable because of the compelling 

evidence demonstrating that parcels scoring high in this metric will support higher levels 

of species persistence (Anderson et al., 2016). In addition, species richness (as a 

biodiversity indicator) is the principal correlate of conservation financial investment. 

(Fishburn et al., 2013). Research shows that the cost of maintaining protected areas and 

meeting conservation objectives can increase substantially without climate change 

adaptation strategies (Shaw et al., 2012). Furthermore, the perpetuity of easements face 

legal peril if changing climatic conditions render the conservation objectives outlined in 

easement contracts unattainable (Owley, 2011).  

Hypothesis 1 exposed a possible weakness in knowledge adoption by 

conservation organizations. Research cited in the background review clearly 

demonstrates that landscapes with greater variety in specific geophysical land forms have 

the capacity to support climate change resilient biodiversity at much greater rates than 
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other areas. The benefits from geophysical diversity occur naturally and can reduce extra 

expenditure on climate change related management interventions and improve easement 

legal viability. Research findings also indicate that the value to biodiversity from specific 

geological and topographic settings will endure even as climate change advances. 

Increasing utilization of landscape diversity, as described in this paper, should be a high 

priority next step in the evolution of land conservation practices.  

 

Research question 2. The analysis was designed to see if higher levels of climate change 

resiliency were positively correlated with larger tracts of land (cost impact). The study 

recognizes that the economic health of conservation organizations is essential to 

maintaining the environmental benefits available through land conservation. Results from 

testing hypothesis 2 failed to demonstrate a statistically significant link between 

landscape resilience and parcel size.  

Site resilience is a combined measure of the number of diverse landscape features 

and the level of connectedness, I theorized that larger parcels could potentially contain 

more of the constituent elements that increase resilience scores. Furthermore, if evidence 

revealed a positive correlation between resilience scores and parcel size, it would have 

cost impacts in terms of land acquisition planning and calculating the value of future 

conservation benefits. 

 The background discussion exposed a "strong positive correlation" that exists 

between the amount of land protected and the dollars invested.” (Fishburn et al., 2013). 

That study also revealed that investing in biodiversity protection was the best predictor of 

overall investment levels. Threats to biodiversity, brought on by climate change, can 
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increase cost to conservation organizations (Shaw et al., 2012; Oliver et al., 2015). 

Anticipating the needs of future conservation and incorporating the variability of 

projected costs into conservation planning could help organizations reduce future 

expenses and improve biological gains (Naidoo et al., 2006). 

When the initial, all sample test returned such a weak p-value and r
2
 value, I 

decided to conduct two more tests, one based only on easements that prioritized the 

protection of biodiversity and the other on those dedicated to environmental systems. I 

conducted the additional tests based on the supposition that a link between resilience 

scores and parcel size may be amplified within easements focusing their efforts on 

species or environmental protection objectives. The additional tests did show improved p-

values and r
2
 results but neither demonstrated statistical significance.  

The results do not preclude the possibility that investing in larger parcels could 

yield higher resilience scores in some circumstances, rather the study suggested there isn't 

evidence to support relying on such expectations. Hypothesis 2 findings indicate that 

expenditures to obtain large tracts of land, simply to drive up resilience scores, may be 

ineffective. As addressed in the research limitations, ecosystem scale conservation 

objectives are not impacted by these findings. Conservation organizations interested in 

cost-effective, climate change resilient land preservation should use the methods outlined 

for research question 2 to investigate and compare large and small areas to find the 

parcels that can most efficiently achieve their conservation goals.  

 

Research question 3. The third analysis shifted from testing elements of CE design to 

looking for relationships between the metrics used to measure climate change resiliency. 
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The analysis continues the overall research objective of helping better understand how 

land conservation can best be used for efficiently protecting biodiversity. Hypothesis 3 

tested if acquiring parcels with high landscape diversity scores might be linked to 

increased scores in local connectedness (extended benefits). P-values from hypothesis 3 

demonstrated that parcel connectedness scores were highly correlated with both 

landscape diversity and resilience scores. 

Local connectedness measures the structural connections between natural 

ecosystems within an area. It considers the barriers to species movements and is the 

metric that describes the capacity of an area to support reorganization of entire species 

communities. Connected landscapes are vitally important to the maintenance of 

biodiversity, especially as environmental conditions are altered due to climate change. 

Climate change is expected to cause mass migrations of organisms across all taxonomic 

groups (Anderson et al., 2016). Highly connected lands offer more "doorways" for 

species to pass through as they rearrange into more suitable habitats.  

Sites that are rich in landscape diversity are similarly important because it helps 

us identify areas with the largest variety of habitats and ecosystems for species to exploit. 

Easements established in highly connected regions that also possess geophysical diversity 

are in a superior position to support long term biodiversity. Connectedness and landscape 

diversity are two elements that will naturally resist climate change induced ecosystem 

disturbance and promote rapid recovery from changes in species composition. These two 

characteristics can be highly effective in maintaining biodiversity and ecosystem function 

(Oliver et al., 2015). Furthermore, researchers report that setting a biodiversity protection 

target that accounted for spatial variances in land acquisition cost and anticipated future 
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stewardship costs allowed them to reduce by half the overall expense of achieving the 

conservation goal (Carwardine et al., 2008). By incorporating connectedness and 

landscape diversity as climate change cost mitigating factors, organizations can anticipate 

reductions in future stewardship costs associated with biodiversity protection. 

Hypothesis 3a results demonstrated that connectedness scores are also 

significantly correlated with high scores in climate change resilience. A key feature of 

resilient sites is their capacity to support the indefinite persistence of species (Anderson 

et al., 2016). A main focal point of this research has been to advance knowledge on 

protecting biodiversity through efficient methods of land conservation. Understanding 

that it is not only possible but even likely to capture all three metrics of climate change 

resilience in a single parcel helps confirm the compounding benefits available from 

resilient land conservation. The strong correlation discovered between resilience scores 

and local connectedness suggests that all measures of climate change resiliency often 

work synergistically with each other. Findings from tests of hypotheses 3 and 3a 

underscore the value of using climate change resiliency scores as the principal criteria for 

selecting easements intended for protecting biodiversity.  

The evidence suggests that multiple benefits can be obtained by focusing on the  

metrics of climate change resilience. This paper has shown that these benefits extend not 

just to increased biodiversity that is naturally resistant to disruption from climate change 

but just as importantly, they enhance the capacity of organizations and stakeholders to 

carry out the business of biodiversity protection.  

Conservation organizations provide critical services that enable the business of 

land preservation to succeed. They are a link between the community benefits of 
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environmental protection and capitalist markets. Depending on the agency, conservation 

organizations can raise funds, articulate mission objectives, write and oversee easement 

contracts, provide land management functions and offer an enduring conservation legacy 

to their constituents and society as a whole.  

This thesis was designed to evaluate the persistence of biodiversity through land 

conservation easements. It further  recognizes that the value of ensuring conservation 

organizations remain viable partners in biodiversity protection must not be overlooked. 

The results of hypothesis 3 are important because they point to a relatively simple and 

accessible process for enhancing the persistence of biodiversity in a way that increases 

the likelihood of achieving more efficient and sustainable organizational operations.   

 

Research Limitations  

Hypothesis 1 indicated that CEs written with an explicit stated purpose of 

protecting biodiversity were not capturing the benefits of landscape diversity any better 

than easements with objectives unrelated to biodiversity. I suggested the results may be 

evidence of a failure by CE organizations to adopt the latest findings on climate change 

resilience in the design of CEs.  

Conservation purpose data were collected from the National Conservation 

Easement Database (NCED, 2018). The purposes were voluntarily supplied to the NCED 

by a diverse set of data providers. In many cases, the primary purpose was selected from 

a set of several listed in the easement contract. It is possible that the purposes used to 

define Groups A and B in my study reflect an element of data provider subjectivity. For 

instance, an easement could be set up to preserve a scenic landscape, a forest and 
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biodiversity. A data provider may choose "biodiversity" as the most important objective 

and list that as the single purpose designation. While the designation may truly reflect a 

fundamental aspiration of the easement holder, the original design may have been 

inspired just as strongly by the other two objectives, which would not have required 

commitments to landscape diversity.   

Assuming an easement is strictly focused just on biodiversity from the purpose 

declaration alone may be partly inaccurate and thus the contrasts between groups may be 

diluted by other competing purposes. The purposes listed in the NCED could be 

improved by developing a less subjective process for designations. For example, 

amending or tightening Internal Revenue Service rules for qualified conservation 

contributions (Cornell Law School, 1999a) related to biodiversity protection. Using a 

third party to certify that easements possess and maintain features compatible with 

sustainable biodiversity. Both suggestions could aid in reducing subjectivity in purpose 

designations.  

Hypothesis 2 tested the theory that larger CEs may contain more of the elements 

that define climate change resilient landscapes. The analysis was a straight forward test 

for evidence of a correlation between resilience scores and easement acreage. Acreage 

was calculated by the NCED and confirmed by my own GIS analysis. As outlined in the 

methods section, the easement database was constructed based on selection criteria 

designed to prevent unintentional bias within the sample population. The NCED 

contained data on over 14,000 CEs. Finding easement pairs that adhered to the rigors of 

the selection process limited my choices. The independent variable for hypothesis 2 was 

parcel acreage and the restrictive selection process may have imparted an unidentified 
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bias that obscured correlations between resilience scores and parcel acreage. It's possible 

that correlations exist but may only become apparent in larger population samples or in 

populations from specific regions or only within larger (or smaller) acreages. I am 

confident the methods used to prevent unintentional bias were sound for standardizing by 

conservation purpose. Replicating hypothesis 2's analysis without the pairing restrictions 

of this study could add additional support to the findings or reveal a unseen correlations. 

Hypothesis 2 results should be interpreted strictly within the confines of the 

variables tested. The study found that resilience scores did not correlate with easement 

acreage. The findings indicate that simply increasing acreage, without regard for its 

geophysical diversity and connectedness to surrounding areas, would not achieve higher 

scores in resilience. The supporting research for this paper clearly indicates value in 

preserving land at an ecosystem scale (coarse-filter). Protecting "biodiversity" requires 

preservation at a higher level of biological organization as opposed to species level 

protection (fine-filter). Coarse-filter land preservation attempts to capture not just a target 

species but also the entire matrix of interactions between plants and animals and the 

geophysical environments in which they exist. Land preservation at the ecosystem scale 

often does benefit from large reserve size. The results of hypothesis 2 do not diminish the 

important contributions ecosystem scale land preservation imparts to protection 

biodiversity.  

 

Conservation Easement Limitations 

Finally, it should be noted that land conservation is a complicated business. Both 

public and private organizations face financial, legal and political pressures that must be 
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navigated to set aside and maintain conserved lands. Like many other disciplines, the 

practical concerns of running a business can easily become detached from an academic 

discussion over procedure and policy. For example, many CEs exist on land that is owned 

by a private individual and while land trusts may oversee easement restrictions, they 

typically would have little power to mandate interventional management actions to 

advance ecological goals. In many private easements, donors retain full control over the 

land and only give up authority over one or more narrowly defined rights (e.g. restriction 

on building construction). Donors are often financially responsible for land management 

costs and may be unwilling to spend beyond the specific requirements needed to maintain 

the narrow focus of the easement agreement. It is also common for land trust operators 

not to have the legal authority to enforce other restrictions or to perform land 

management activities. Conservation organizations may also lack the financial, material 

or human resources necessary to perform land management activities. Lastly, easements 

obtained through land donation seldom offer options to choose between parcels based on  

measurements of climate change resilience. An organization's portfolio of CEs is likely to 

be reflective of donor intent much more than the aspirational desires of the land trust.     

 This thesis represents a scholarly discussion focused on the optimal conditions 

for using land conservation to promote long-term biodiversity protection. The research 

that led to the current understanding about the profound influence that geophysical 

attributes exert over species diversity is not unknown within the land conservation 

community but may not be widely circulated among organizations.  Additionally, the 

practical application of the knowledge can be difficult to put into action, especially within 

the confines of traditional land conservation. 
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Conclusions 

 

I undertook this project to investigate novel questions pertaining to the efficient 

use of land conservation for the protection of biodiversity. My motivating interest was the 

long-term preservation of biodiversity. The "efficient" aspect is an acknowledgement to 

the realistic demands that markets and regulations exert over the acquisition and 

management of preserved lands. The investigation is "novel" because it looked for 

evidence that conservation organizations are utilizing the latest findings on the climate 

change resilient landscapes and examines possible organizational impacts. The 

preparatory investigation suggested that very little research has been conducted into the 

specific lines of inquiry outlined in this paper.  

I consider this to be a "first pass" investigation into a new approach towards 

biodiversity targeted land conservation. My focus on safeguarding biodiversity inspired 

me to develop the analytical techniques described above and demonstrate how the latest 

tools for identifying climate change resilient landscapes could be leveraged to increase 

conservation value and address some of the practical needs of land stewardship. My hope 

is this paper will stimulate greater use of the tools and techniques of climate change 

resilient landscapes to support sustainable biodiversity. 

The described methods of analysis and research findings have practical 

applications to a limited pool of conservation organizations. Organizations acquiring 

properties under fee land ownership, who are focused on sustainable biodiversity 

protection may be the first to find this research relevant their operations. Study findings 

would likely provide the greatest value during the easement selection process.  
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Hypothesis 1 failed to produce evidence that previously established easements 

were strategically selecting properties high in landscape diversity to support their own 

biodiversity protection goals. The current process for establishing CEs may offer 

rationale for why existing easements do not reflect the use of resiliency in parcel 

selection. As discussed in the research limitation, typical arrangements of  privately held 

CEs do not financially, legally or administratively incentivize stakeholders in donor 

owned easements to adopt more efficient biodiversity protection strategies. Eight two 

percent of easements in this study were listed as privately held. The analytical results 

reflect the operations of private organizations disproportionately to government agencies. 

It is possible that hypothesis 1 results did not detect signals of resilient landscape 

selection strategies because the current system is not designed to promote that type of 

activity.  

This paper suggests a need to rethink some of the nuanced ways in which land 

conservation is conducted in the United States. Modifications to existing approaches of 

land conservation, including greater awareness about the benefits of climate change 

resiliency and new financial incentives might improve utilization of naturally resilient 

landscape features to protect biodiversity and resist the impacts of climate change. My 

research suggests focusing on three areas may be most effective in stimulating greater use 

of resilience within CEs.  

Study results indicate possible weakness in knowledge adoption by conservation 

organizations and land owners. Concerted efforts to inform land conservation 

stakeholders about the environmental and organizational benefits of climate change 

resilient landscapes could help generate greater interest and improve adoption rates.  
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Novel ideas regarding layered easements and third party involvement could spur a 

new wave of climate change resilient CEs. Traditional, lightly restricted, CEs could be 

layered with additional restrictions that focus on biodiversity protection, for example. 

The layered restrictions and associated costs could be covered by forming partnerships 

with third party organizations (e.g. Ducks Unlimited and The Nature Conservancy) 

interested in devoting resources to biodiversity protection projects.   

Many landowners take advantage of tax deductions allowed for CEs meeting 

certain IRS defined criteria. Current law allows deductions for protecting "relatively 

natural habitat of fish, wildlife, or plants, or similar ecosystem" (Cornell Law School, 

1999a). However, the criteria is broadly interpreted and does not require the protection of 

entire communities of diverse species. Additional incentives could be conceived for 

owners / organizations willing to invest in and maintain high quality, climate change 

resilient landscapes. CEs rich in all three metrics of resiliency have the potential to return 

triple bottom line benefits to underwriting stakeholders and society.  

Incentivizing resilient land preservation would be a logical and reasoned 

evolution in tax policy supported by the research in this paper. Such incentives could 

increase the amount of land committed to biodiversity protection. 

The use of CEs evolved from land preservation movements in the United States, 

both public and private, beginning in the 1800s.  

 Recognition of Yosemite Valley as the first publically protected land in 1864. 

 Establishment of the first private land trust, Trustees of the Reservations in 1891. 

 Passage of CE enabling legislation allowing individual tax deduction in 1980. 
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By 2015, the roughly 960,000 acres originally preserved for Yosemite had grown 

to a combined 141 million acres preserved nationwide by both private and public 

conservation. The long and successful growth of land conservation in the U.S. is, in part, 

because it has continuously evolved in response to perceived threats to the land and as a 

tool to reflect citizen's desires to preserve nature for future generations. This thesis 

proposes a new evolution in land conservation that is specifically targeted to protecting 

biodiversity from the modern and growing threat of climate change. 
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Appendix 

Conservation Easement Database (CED) 

 

 

Table 3. Excerpts from the CED, including data needed to replicate the analyses and 

results of the three primary hypotheses. 

RecNum NCED_id Resilience Diversity Connected Ecoregions state esmthldr gis_acres gapcat Protected Latitude Longitude 

1 986559 0.65 0.72 0.53 Great Lakes MI U.S. Forest Service 232 2 1 44.31028 

-

85.863606 

2 927636 0.79 1.08 0.51 Great Lakes MI 

Cadillac Area Land 

Conservancy 246 4 1 44.199627 

-

85.481856 

3 919572 1.57 1.38 1.76 Great Lakes MI 

The Nature 

Conservancy 494 2 1 46.58877 

-

88.108474 

4 29898 1.91 2.18 1.62 Great Lakes MI 

Michigan Nature 

Association 480 4 1 46.643952 

-

87.549544 

5 919895 0.75 0.86 0.64 

Central 

Appalachian 

Forest VA 

The Nature 

Conservancy 436 2 1 38.10205 

-

79.696472 

6 1032555 0.98 0.95 1.01 

Central 

Appalachian 

Forest WV 

Pocahontas County 

Farmland Protection 

Board, WV 435 4 1 38.507059 

-

79.837278 

7 1016900 0.56 0.6 0.52 

Central 

Appalachian 

Forest PA 

Western Pennsylvania 

Conservancy 904 2 0 40.469307 

-

78.941196 

8 950046 0.17 0.6 -0.25 

Central 

Appalachian 

Forest VA 

Virginia Board of 

Historic Resources 931 4 0 39.143159 

-

77.878843 

9 925195 0.43 0.41 0.49 

Central 

Tallgrass 

Prairie MO 

The Nature 

Conservancy 669 2 0 40.550635 

-

94.120983 

10 962877 0.47 0.51 0.88 

Central 

Tallgrass 

Prairie MO 

U.S. Natural 

Resources 

Conservation Service 704 4 0 40.257913 

-

95.507036 

11 925498 2.27 2.8 1.79 

Central 

Tallgrass 

Prairie MO 

The Nature 

Conservancy 627 2 0 39.036147 

-

91.233093 

12 957445 -0.24 -0.3 -0.09 

Central 

Tallgrass 

Prairie MO 

U.S. Natural 

Resources 

Conservation Service 641 4 0 39.338491 

-

92.964569 

13 981572 -1.07 -1.29 -1.05 

Chesapeake 

Bay 

Lowlands VA 

North American Land 

Trust 900 2 0 37.706537 

-

76.322806 

14 950018 0.08 0.93 -0.76 

Chesapeake 

Bay 

Lowlands VA 

Historic Virginia Land 

Conservancy 862 4 0 37.606513 

-

76.896257 

15 925473 0.44 -0.41 0.32 

Chesapeake 

Bay 

Lowlands VA 

The Nature 

Conservancy 976 2 0 38.061531 

-

76.937167 

16 952911 -0.72 -0.8 -0.73 

Chesapeake 

Bay 

Lowlands VA 

Virginia Outdoors 

Foundation 902 4 0 38.077224 

-

76.556079 

17 344 -0.97 -1.1 -0.84 

Cumberlands 

and Southern 

Ridge and 

Valley GA 

Georgia-Alabama 

Land Trust 830 2 0 34.092486 

-

85.162108 

18 312 1.45 1.82 0.92 

Cumberlands 

and Southern 

Ridge and 

Valley GA 

Georgia-Alabama 

Land Trust 814 4 0 33.614517 

-

84.777415 
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19 921097 0.13 0.73 -0.48 

Cumberlands 

and Southern 

Ridge and 

Valley TN 

The Nature 

Conservancy 438 2 0 35.099086 

-

84.972919 

20 967 0.75 -0.3 1.81 

Cumberlands 

and Southern 

Ridge and 

Valley TN 

Georgia-Alabama 

Land Trust 437 4 0 35.114252 -85.69115 

21 66301 -0.43 -0.14 -0.73 

Dakota 

Mixed-Grass 

Prairie ND 

U.S. Fish and Wildlife 

Service 288 2 0 47.191665 

-

98.672878 

22 967885 -0.28 0.12 -0.67 

Dakota 

Mixed-Grass 

Prairie ND 

U.S. Natural 

Resources 

Conservation Service 236 4 0 47.47566 

-

97.898341 

23 72133 1.43 1.88 0.97 

Dakota 

Mixed-Grass 

Prairie ND 

U.S. Fish and Wildlife 

Service 811 2 0 47.685622 -98.5166 

24 71912 0.21 0.52 -0.1 

Dakota 

Mixed-Grass 

Prairie ND 

U.S. Fish and Wildlife 

Service 850 4 0 47.173783 

-

98.803501 

25 432 0.46 0.16 0.77 

East Gulf 

Coastal Plain GA 

Georgia-Alabama 

Land Trust 482 2 0 31.823904 

-

84.010351 

26 890 0.02 0.1 -0.07 

East Gulf 

Coastal Plain GA 

Georgia-Alabama 

Land Trust 434 4 0 31.409045 -84.62276 

27 8884 0.63 0.59 0.67 

East Gulf 

Coastal Plain AL 

U.S. Fish and Wildlife 

Service 59 2 0 31.784121 

-

86.329083 

28 956833 1.15 0.83 1.47 

East Gulf 

Coastal Plain AL 

U.S. Natural 

Resources 

Conservation Service 52 4 0 32.077243 

-

85.739941 

29 29711 0.49 -0.21 1.19 

Florida 

Peninsula FL 

The Nature 

Conservancy 985 2 0 27.158981 

-

81.423292 

30 956627 -0.65 -0.72 -0.58 

Florida 

Peninsula FL 

U.S. Natural 

Resources 

Conservation Service 942 4 0 27.203265 

-

81.419859 

31 925226 -0.2 -0.62 0.23 

Florida 

Peninsula FL 

The Nature 

Conservancy 224 2 0 27.350593 

-

82.369238 

32 956607 -0.31 -0.83 0.21 

Florida 

Peninsula FL 

U.S. Natural 

Resources 

Conservation Service 243 4 0 27.252349 

-

80.989293 

33 63835 -0.6 -0.28 -0.91 

High 

Allegheny 

Plateau NY 

Finger Lakes Land 

Trust 208 2 0 42.392701 

-

76.728789 

34 998133 -0.72 -0.4 -1.03 

High 

Allegheny 

Plateau NY 

Watershed 

Agricultural Council 207 4 0 42.29065 

-

74.935922 

35 968698 -1.09 -1.28 -0.89 

High 

Allegheny 

Plateau PA 

The Nature 

Conservancy 524 2 0 41.07006 

-

75.521895 

36 61595 0.5 0.01 0.99 

High 

Allegheny 

Plateau PA 

Western Pennsylvania 

Conservancy 509 4 0 41.276281 -79.03545 

37 986709 -0.04 0.4 -0.48 

Interior Low 

Plateau IN 

U.S. Fish and Wildlife 

Service 860 2 0 38.363731 

-

87.316097 

38 959475 -1.16 -1.34 -0.98 

Interior Low 

Plateau IN 

U.S. Natural 

Resources 

Conservation Service 839 4 0 38.33022 

-

87.752937 

39 39893 1.2 1.83 0.56 

Interior Low 

Plateau KY 

Kentucky Heritage 

Land Conservation 

Fund 378 1 0 38.398915 

-

83.566113 

40 39653 -0.9 -0.23 -1.58 

Interior Low 

Plateau KY 

Bluegrass Land 

Conservancy 346 4 0 38.105581 

-

84.612561 

41 1014901 -0.27 -0.26 -0.28 

Lower New 

England / 

Northern 

Piedmont NH 

Society for the 

Protection of New 

Hampshire Forests 700 1 0 43.614333 

-

72.275816 

42 995769 0.64 0.3 0.97 

Lower New 

England / 

Northern 

Piedmont NH 

Unknown Local 

Government 698 4 0 43.468996 

-

71.870008 

43 45521 -0.4 -0.58 -0.22 

Lower New 

England / 

Northern 

Piedmont MA 

The Trustees of 

Reservations 410 2 0 42.120357 

-

73.253094 
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44 980281 0.17 -0.23 0.57 

Lower New 

England / 

Northern 

Piedmont MA 

Massachusetts 

Department of Fish 

and Game 454 4 0 42.456693 

-

72.438467 

45 920312 0.22 0.08 0.36 

Mid-Atlantic 

Coastal Plain VA 

The Nature 

Conservancy 986 2 0 36.831781 

-

77.314411 

46 996036 0.52 -0.25 1.16 

Mid-Atlantic 

Coastal Plain VA 

Unknown Local 

Government 901 4 0 36.55894 

-

76.166746 

47 925371 0.04 -0.29 0.36 

Mid-Atlantic 

Coastal Plain NC 

The Nature 

Conservancy 510 2 0 36.245084 

-

77.346844 

48 29576 0.85 0.11 1.59 

Mid-Atlantic 

Coastal Plain NC 

U.S. Natural 

Resources 

Conservation Service 528 4 0 36.120663 

-

77.647595 

49 9183 -1.05 -0.76 -1.34 

Mississippi 

River Alluvial 

Plain MS 

U.S. Fish and Wildlife 

Service 304 2 0 34.047599 

-

90.250878 

50 966465 0.24 1.09 -0.6 

Mississippi 

River Alluvial 

Plain MS 

U.S. Natural 

Resources 

Conservation Service 317 4 0 34.152658 

-

90.516927 

51 913200 0.64 0.34 0.93 

Mississippi 

River Alluvial 

Plain MS 

U.S. Fish and Wildlife 

Service 390 2 1 33.813694 -90.04863 

52 960616 0.24 -1.09 1.57 

Mississippi 

River Alluvial 

Plain MS 

U.S. Natural 

Resources 

Conservation Service 302 4 1 32.804586 

-

90.788491 

53 850193 0.68 0.51 0.85 

North 

Atlantic Coast RI 

Rhode Island State 

Government 81 1 0 41.614775 -71.18131 

54 7442 0.74 0.77 0.71 

North 

Atlantic Coast RI 

Rhode Island 

Department of 

Environmental 

Management 71 4 0 41.368463 

-

71.756749 

55 968658 0.32 -0.74 0.05 

North 

Atlantic Coast NJ 

The Nature 

Conservancy 163 2 0 39.289171 

-

75.182674 

56 32753 -0.03 0.5 -0.55 

North 

Atlantic Coast NJ Burlington County, NJ 172 4 0 40.017409 

-

74.696158 

57 936125 0.2 0.59 -0.03 

North Central 

Tillplain IN 

Indiana Department of 

Natural Resources 233 2 0 41.066276 

-

85.829427 

58 969950 0.94 1.13 0.86 

North Central 

Tillplain IN 

U.S. Natural 

Resources 

Conservation Service 241 4 0 40.553454 

-

85.028926 

59 1016677 0.92 0.63 1.2 

North Central 

Tillplain OH 

The Nature 

Conservancy 79 2 0 40.313998 

-

83.591017 

60 961638 0.71 0.85 0.58 

North Central 

Tillplain OH 

U.S. Natural 

Resources 

Conservation Service 81 4 0 39.962034 

-

83.465682 

61 989582 0.54 -0.05 1.12 

Northern 

Appalachian / 

Acadian ME Sweet Water Trust 660 1 0 45.13179 

-

69.068395 

62 974686 0.19 -0.9 1.27 

Northern 

Appalachian / 

Acadian ME 

New England Forestry 

Foundation 641 4 0 45.425023 

-

67.860946 

63 921183 -0.47 -0.85 -0.08 

Northern 

Appalachian / 

Acadian ME 

The Nature 

Conservancy 702 2 0 44.958651 

-

67.414925 

64 973708 0.27 -0.21 0.74 

Northern 

Appalachian / 

Acadian ME Sweet Water Trust 703 4 0 45.200679 

-

69.058106 

65 907816 0.48 0.41 0.57 

Northern 

Tallgrass 

Prairie MN 

Minnesota Board of 

Water and Soil 

Resources 305 2 0 45.187545 

-

95.925023 

66 995730 0.15 0.16 0.31 

Northern 

Tallgrass 

Prairie MN 

Unknown Local 

Government 278 4 0 43.937763 

-

94.049542 

67 67164 1.26 1.32 1.26 

Northern 

Tallgrass 

Prairie SD 

U.S. Fish and Wildlife 

Service 513 2 0 45.30049 

-

97.556378 

68 66757 1.49 1.57 1.42 

Northern 

Tallgrass 

Prairie SD 

U.S. Fish and Wildlife 

Service 488 4 0 45.008506 

-

96.658675 

69 926251 0.73 0.8 0.65 Piedmont GA 

Southeast Regional 

Land Conservancy 730 2 0 34.298671 

-

82.798076 
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70 25251 0.52 0.34 0.69 Piedmont GA 

Atlantic Coast 

Conservancy/Pelican 

Coast Conservancy 756 4 0 33.479599 

-

83.157879 

71 919686 -1.18 -1.07 -1.3 Piedmont VA 

The Nature 

Conservancy 821 2 0 39.125388 

-

77.641926 

72 953962 0.6 0.68 0.53 Piedmont VA 

Virginia Outdoors 

Foundation 851 4 0 38.923265 

-

77.679005 

73 76764 0.53 0.63 0.44 

Prairie-Forest 

Border WI 

Geneva Lake 

Conservancy 235 1 0 42.591709 

-

88.382381 

74 76673 0.36 0.85 0.35 

Prairie-Forest 

Border WI 

Natural Heritage Land 

Trust 258 4 0 42.953208 

-

89.301102 

75 9896 0.89 0.81 0.96 

Prairie-Forest 

Border MN 

U.S. Fish and Wildlife 

Service 151 2 0 46.674556 

-

96.136821 

76 987775 0.73 0.25 1.21 

Prairie-Forest 

Border MN 

U.S. Fish and Wildlife 

Service 157 4 0 46.146508 

-

95.131359 

77 968762 0.4 0.49 0.48 

South 

Atlantic 

Coastal Plain SC 

The Nature 

Conservancy 579 2 0 32.762044 

-

80.849234 

78 962544 0.46 0.56 0.36 

South 

Atlantic 

Coastal Plain SC 

U.S. Natural 

Resources 

Conservation Service 554 4 0 33.408116 

-

81.137086 

79 926165 0.17 0.7 -0.37 

South 

Atlantic 

Coastal Plain GA 

North American Land 

Trust 626 2 0 32.156149 

-

83.536794 

80 965932 1.56 1.49 1.62 

South 

Atlantic 

Coastal Plain GA 

U.S. Natural 

Resources 

Conservation Service 647 4 0 32.319794 -82.22997 

81 919597 1.15 1.48 0.82 

Southern Blue 

Ridge TN 

The Nature 

Conservancy 79 2 1 36.555566 

-

81.876337 

82 966220 -0.45 0.28 -1.18 

Southern Blue 

Ridge TN 

U.S. Natural 

Resources 

Conservation Service 72 4 1 35.200093 

-

84.510449 

83 920997 0.8 1.09 0.51 

Southern Blue 

Ridge VA 

The Nature 

Conservancy 505 2 0 37.218262 

-

80.142207 

84 953559 0.29 1.2 -0.62 

Southern Blue 

Ridge VA 

Virginia Outdoors 

Foundation 567 4 0 36.695113 

-

80.992713 

85 920076 0.98 0.96 0.99 

St. Lawrence 

- Champlain 

Valley VT 

The Nature 

Conservancy 369 2 0 44.387858 

-

72.870593 

86 1009123 0.75 0.67 0.82 

St. Lawrence 

- Champlain 

Valley VT Vermont Land Trust 389 4 0 44.361355 

-

72.212786 

87 920855 0.01 0.18 -0.15 

St. Lawrence 

- Champlain 

Valley VT 

The Nature 

Conservancy 631 2 0 44.878254 

-

73.294851 

88 1013045 1.08 1.85 0.21 

St. Lawrence 

- Champlain 

Valley VT Vermont Land Trust 642 4 0 44.168414 

-

73.136923 

89 901074 0.87 1.18 0.57 

Superior 

Mixed Forest WI 

Unknown Federal 

Government 147 2 1 46.236652 

-

91.190619 

90 901064 0.12 0.35 -0.11 

Superior 

Mixed Forest WI 

U.S. National Park 

Service 140 4 1 46.251293 

-

91.936035 

91 19973 0.39 1.14 -0.35 

Superior 

Mixed Forest MN 

U.S. Fish and Wildlife 

Service 367 2 0 47.466491 

-

95.287606 

92 987803 0.62 0.88 0.36 

Superior 

Mixed Forest MN 

U.S. Fish and Wildlife 

Service 356 4 0 46.280569 

-

92.996303 

93 921511 -0.25 -0.31 -0.51 

Tropical 

Florida FL 

The Nature 

Conservancy 156 2 0 26.952749 

-

80.146004 

94 963074 0.63 0.16 1.1 

Tropical 

Florida FL 

U.S. Natural 

Resources 

Conservation Service 152 4 0 26.306355 

-

81.298392 

95 920259 -0.63 -0.09 -1.18 

Tropical 

Florida FL 

The Nature 

Conservancy 116 2 0 26.770293 

-

80.266746 

96 970958 0.43 0.37 0.48 

Tropical 

Florida FL 

U.S. Natural 

Resources 

Conservation Service 96 4 0 27.158558 

-

80.549863 

97 9162 -0.56 -1 -0.12 

Upper East 

Gulf Coastal 

Plain MS 

U.S. Fish and Wildlife 

Service 102 2 0 33.295338 

-

89.796445 
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98 961591 -0.17 -0.29 -0.05 

Upper East 

Gulf Coastal 

Plain MS 

U.S. Natural 

Resources 

Conservation Service 91 4 0 32.381682 

-

90.376663 

99 920486 1.13 1.11 1.14 

Upper East 

Gulf Coastal 

Plain TN 

The Nature 

Conservancy 183 2 0 35.088821 

-

89.343238 

100 963206 0.21 0.34 0.08 

Upper East 

Gulf Coastal 

Plain TN 

U.S. Natural 

Resources 

Conservation Service 201 4 0 35.740258 -88.54712 

101 77070 -0.29 -0.08 -0.5 

Western 

Allegheny 

Plateau OH 

Western Reserve Land 

Conservancy 72 2 0 41.53046 

-

81.301668 

102 77035 -1.38 -1.71 -1.05 

Western 

Allegheny 

Plateau OH 

Western Reserve Land 

Conservancy 68 4 0 41.20566 

-

81.821112 

103 1015158 0.23 0.38 0.08 

Western 

Allegheny 

Plateau PA 

French Creek Valley 

Conservancy 182 2 0 41.417803 

-

79.921306 

104 933944 -1.44 -1.46 -1.42 

Western 

Allegheny 

Plateau PA Mercer County, PA 199 4 0 41.251841 

-

80.185307 
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