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Abstract

This study examines the visible patterns between protected lands and property values within the Colorado Front Range. Conservation easements are legally binding mechanisms to preserve natural and public resources perpetually. Other forms of protected public lands also exist and conserve natural resources. Natural and public resources include those vital to all life, such as air, soil, and water. These same resources enhance residents' quality of living through scenic viewsheds and outdoor recreation opportunities. Motivations for land conservation vary by the landowner, but a demonstrated financial benefit likely incentivizes conservation. This study examines the spatial distribution of land values to determine whether proximity to protected lands or different types of land exert a positive influence.
This study confirms that protected land and land value relationships are complex. Generally, this study demonstrates the primary research hypothesis that land values adjacent and nearby to protected land tend to be higher. However, not all land values were higher, and not all types of protected lands appeared to influence increased property values. Local government protected lands seemed to affect property values positively. Proximity to protected land appeared to heavily influence urban land values, while rarely influencing rural land values.  
Since conservation easements and other forms of land protection benefit all forms of life by conserving resources necessary for existence, it is crucial to understand how they influence property values in rural and urban contexts, as it can be a conservation incentive for property owners. 
Introduction

Problem Statement
Intense development pressure has come to many parts of the Rocky Mountain region. The Denver region, within the Colorado Front, was touted as one of the US's fastest-growing metropolitan areas decades ago (Scorsone et al. 2001). The Metropolitan Policy Program at Brookings (2016) notes that the Colorado Front range represents eighty percent of the total population in Colorado and that from 1990 to 2007, growth was more than double the rest of the United States. Authors further predict that by 2040 the Front Range population will increase to 6.3 million from 3.9 million (in 2007), a growth of almost seventy percent in thirty-three years (Metropolitan Policy Program, 2016). Job opportunities and lifestyle factors drive this explosive growth (Holmquist, 2022; Metropolitan Policy Program, 2016). Lifestyle factors often include outdoor recreation resources. There is an inherent tension - the more attracted people are to an area rich in natural and outdoor recreation resources, the more threatened those resources can become by increasing development. 	Comment by Flohr, Travis L: Try and be consistent with how you abbreviate and punctuate these sorts of abbreviations. For example, some of them are US and others are U.S. Either is appropriate, just make sure they are all consistent. 	Comment by Flohr, Travis L: Provide more clarity here, because natural resources can also be oil and gas development, forestry, etc. I think you mean outdoor recreation resources. 	Comment by Flohr, Travis L: Be sure to update this throughout. 	Comment by Flohr, Travis L: Consider writing this in the active voice. 
Natural and rural landscapes attract people due to their scenic beauty, wildlife, and significant recreational opportunities, such as hunting, fishing, hiking, biking, horseback riding, skiing, and climbing (Holmquist, 2022). Additionally, a subset of the population also seeks out rural landscapes for lower population densities and less governmental land use controls (Brown & Simpson, 2017). Large tracts of federal, state, and county lands bolster these community values through parks, forests, and open spaces. Many upscale communities, towns, and cities maintain extensive wild open spaces in addition to groomed dirt and paved trails and parks. The combination of highly sought-after amenities and population migration into Colorado has increased development pressures, causing real estate prices to increase dramatically, especially during the COVID-19 pandemic. Throughout Colorado, the average home price rose by almost one-third from 2019 to 2021, while areas in the Colorado Front Range often saw a doubling in already high home prices, reportedly due to people seeking more outdoor access (Svaldi, 2022). Residents become concerned about the changes in the character of these areas brought about by intensive, rapid development. As a result, residents seek ways to conserve the lifestyle attributes of the landscapes they inhabit. 	Comment by Flohr, Travis L: Check your document for consistency in how you handle state because, in some cases, it is state and in others, it is State. 
The passage of bonds to purchase conservation easements and open space indicates that the communities value protected land. Significant donations of conservation easements to land trusts, with or without tax benefits to the landowner, are also a clear signal that residents value land protection. However, the land is a finite resource and ever more finite after both development and conservation. Conservation easements and protected lands generally increase surrounding land values when conserving landscape amenities and open space (Reeves et al., 2018). However, the relationships between land value and different protected land types can vary by location and are unclear. This study examines different types of protected lands (whether or not they have actual conservation easements in place) without assessing individual outdoor recreation amenities because amenities data was not readily available and free of duplicative information. 	Comment by Flohr, Travis L: Somewhere in this paragraph, you want to explicitly say something to the effect that you won't be evaluating all the individual outdoor recreation amenities but instead will be using conservation easements as a surrogate and explain why. 
Research Questions
The purpose of this study is to document and examine the relationships between assessed property values and various protected lands and asks the following questions: 
1. [bookmark: _Hlk115012744]To what degree do conservation easements impact adjacent and nearby property values?
2. What impact do different conservation easement programs have on property values? 
[bookmark: _Hlk115012764] 
Literature Review

The primary literature review themes include development and the American West, conservation easements, land value, and spatial conservation and land value patterns.  
Development and the American West
According to Gosnell and Abrams (2009), migration to rural areas worldwide in this era is driven primarily by natural and cultural amenities, citing health migration spa-oriented Bath, U.K. as an early example. Scorsone et al. (2001) observe that "non-employment-based amenities" have driven significant population increases in the Colorado Front Range. In other words, people will move to improve their quality of life. Americans are moving from urban centers to non-metropolitan areas at rates not seen since 2012, including locations such as ski areas within the Colorado Front Range (Frey, 2022; Svaldi, 2022). 
Conservation Easements
Conservation Easements are a vital tool in protecting land from development. Land is a limited resource, and many areas face intense development pressure. A primary component of a conservation easement is that landowner rights to subdivide and develop the property are eliminated. Forgoing these rights results in a decreased taxable value and often qualifies as a tax deductable charitable contribution. It is likely that the land itself retains specific critical values not adequately captured in land valuation, leading to surrounding land value increases. This literature review confirms this opinion, with researchers finding solid connections between open space protection (and conservation easements) and proximal home price increases and even tax revenue increases. Some authors go so far as to postulate that within specific parameters, conservation easements held by public entities can increase tax revenue to the point that the easements are self-funded. (Reeves et al., 2018)	Comment by Flohr, Travis L: Consider writing in the active voice.
Conservation easements protect resources necessary to live, such as water, but they also protect the quality of life regarding access to scenic vistas and recreational opportunities. Quality of life, in turn, protects property values. Further, they appear to be a better return on investment than developed land. Fausold & Lilieholm (1999) compared the cost to municipal budgets per acre of open space versus developed land and found overwhelmingly that open space returned a value on cost outlays, while residential development often cost more than it returned. In one example in Connecticut, Massachusetts, and New York, on average open space costs $0.29 versus $1.13 per dollar for developed land in respective services required for each dollar spent (Freedgood & Wagner, 1992, as cited in Fausold & Lilieholm, 1999). The basic concept is that cows or trees do not require infrastructure or other social services such as police, fire, and schooling.   
While some conservation easements represent the pristine preservation of natural landscapes, conservation easements often preserve land in conjunction with limited human uses. A public benefit must be present to gain a federal tax break to establish a conservation easement under the Internal Revenue Code (IRC) 170 (h). Public benefit can be in the form of recreation opportunities, scenic viewshed, historic structure(s), or land supporting a government delineated conservation policy, such as the US Department of Agriculture's Natural Resources Conservation Service (NRCS) Agricultural Conservation Easement Program (ACEP). Additional supporting conservation values include preserving natural space, habitat (including water resources), and space adjacent to other conserved land or protected open space. The US Forest Service Forest Legacy Program which purchases conservation easements, adds development pressure and threats, and timber resources to the above conservation values (USFS, n.d.). The NRCS ACEP also purchases easements and specifically protects agricultural land and wetlands. Protected agricultural land includes productive soil, grazing lands, historical or archaeological resources, and land supporting a relevant policy (NRCS, n.d.). Wetland easements support both the restoration and preservation of wetland areas (NRCS, n.d.).	Comment by Flohr, Travis L: Unclear antcedent
Land Value
Traditional market valuation techniques seek to capture neighborhood-level values and consumer willingness to pay. Location and the spatial context come into play but in a very general way. Structures are much easier to compare than land. There are wide disparities in conservation easement appraisals as accurate comparables for land can be challenging to identify. Take the example of an over 10,000 acre ranch that boasts pristine alpine meadows and riparian habitat and supports Rocky Mountain Elk calving and endangered trout. How many of those are likely to coexist in the same county and have recently been on the market?	Comment by Flohr, Travis L: Consider writing in the active voice. 	Comment by Flohr, Travis L: Just double check county is written consistently. Some seem to be County and others are county. 
German et al. (2000) take a fresh look at fundamental concepts of land valuation, arguing that traditional appraisal methods cannot possibly capture value adequately for land only without buildings present. The approach argues for a redefinition of the neighborhood for comparables to a larger geographic extent and for more sophisticated spatial analysis of characteristics such as regional context and lot size. 	Comment by Flohr, Travis L: Consider rephrasing this sentence. It is currently hard to read. 
Similarly, Seidl et al. (2020) examine three ways to value land (including traditional appraisals) in Colorado. Their principal finding is that different approaches benefit different land scenarios. They found that Geographic Area Rate Caps (GARC) and Average Assessed Land Value (AALV) approaches favor low development pressure landowners. In contrast, traditional appraisals favor those in areas of high development potential. This study's main benefit is considering how to value environmental services absent development pressure. A table related to the "IRS conservation purposes test" listing 17 environmental services is beneficial for consideration of hedonic model regression coefficients. The authors introduced a matrix for considering public benefit, which is helpful as it lends more objectivity to a somewhat subjective process. Since they did not include GIS modeling, this article would only help consider land valuation techniques. Further, there was a complete lack of ground-truthed data for the AALV approach, so of the three, that approach is the least convincing. 
Spatial Statistics
Hiebert & Allen (2019), confirm the view of this study that traditional market valuation often does not explicitly capture valued amenities such as forested areas. A limitation of this study is that it focuses simply on forest views, and proximity to forested and agricultural areas and the impact on home sale price in just Greenville County in North Carolina.
Conservation and Open Space Effects on Land Value
Many authors have established that open space increases surrounding property values, whether in the US or abroad. According to Reeves et al. (2018), the main influences on increased property value include the ability to be developed, proximity, and type of forest (coniferous, deciduous). This study did not consider the impact of scenic viewshed for non-proximal properties. These authors posited a scheme whereby public conservation easement entities could reap the benefits of increased property values and property tax increases to finance future conservation easements. Mittal (2014) expands on the influences on value by examining various types of open space in addition to conservation easements in a small city and county seat in Massachusetts, about an hour from Boston. Mittal also considered proximity but added views (of the property) and environmental amenities/ecosystem services more explicitly. Mittal also defined and explored varying concepts of proximity. Another unique approach from this author includes examining the adverse effects of conservation easements and open space, such as farmyard odors and crime in urban parks. 	Comment by Flohr, Travis L: Consider rewriting, currently, it is a sentence fragment. 
Votsis (2017) studied the impact on apartment prices in Helsinki of parks, forests, and fields. The urban focus is also of interest. This study considers the broadest range of ecosystem services, such as pollution mitigation (including noise), health, and stormwater management.	Comment by Flohr, Travis L: Consider if these sentences are still relevant, given how your project has changed. 
Conclusion
Previous research shows that housing prices are positively affected by proximity to forests, parks, fields, open spaces, and natural habitats. Additionally, agricultural conservation easements positively impact housing prices in suburban and urban areas. However, there still is a gap in the literature in synthesizing the impact of conservation easements on land valuation, as this relationship was not always clear and seemed variable in previous studies. 
Methodology

This study identifies and explores various types of protected lands and how they impact property value per acre in the Colorado Front Range. Advances in GIS allow for more sophisticated land valuation, placing properties in a broader context (German et al., 2000). This study contrasts protected lands in urban and developed areas with those in more rural areas by sampling Adams, Denver, and Jefferson Counties. Protected land categories range from local to federal, and public to private. Patterns and relationships between variables will be evaluated using visual analysis, bivariate maps and by calculating land value in proximity and adjacent to protected land categories. 	Comment by Flohr, Travis L: Clarify this further. Be sure to be specific. For example, This study contrasts protected lands in urban and developed wealthy areas with those in less wealthy more rural areas by sampling three counties. <- then describe the counties you've chosen. 	Comment by Flohr, Travis L: Additionally, I think you can do one or the other, not all four (urban, rural, affluent, non-affluent) because you didn't do four counties or collect census data. 

Data & Materials

This study utilizes existing publicly available spatial data. Analysis of various types of protected land via the Colorado Ownership, Management and Protection (COMaP) dataset helps to determine relative influence on property values. The land value per acre is based on value figures from appraised value not tax assessment value. Parcel size is very likely to influence value. The value sum of each individual parcel may be less than the value of the whole. Many easements span multiple parcels. This aspect of value was addressed by calculating a value per acre, but this is a simplification. 	Comment by Flohr, Travis L: This should be moved up into the data and materials sub-section, before your data table. . 
[bookmark: _Hlk125884698]Easement processes and protections afforded vary between programs and entities. One land trust's portfolio may look very different than another depending on organizational goals. Some land trusts take a watershed protection approach while others are more driven by federal program funding, or regional protection goals based on donor intent. Further, not all public lands are administered in the same way. The Bureau of Land Management (BLM) for example may dramatically change land use, leasing out mineral extraction on grazing lands challenging the land’s definition as permanently protected open space. It was outside of the scope of this study to address this level of detail, but it was considered in the final analysis as context. Even with eleven COMaP categories, quite a few various land uses were captured under broad categories. For example, within the “local” category both parks and cemeteries were included. It is easy to see that a cemetery might have a different impact on property value than a park. Types of protected land include USFWS, USFS, Tribal lands, NPS, NGO and land trust, federal, state, private conservation, BLM, and local. Though some categories sound as if they overlap; given ownership, management, and easement holder roles, no lands are duplicated, every polygon is discreet. COMaP categories are as follow:
· USFWS lands are those owned or managed by USFWS and include mostly National Wildlife Refuges, but also private land conservation easements held by USFWS, and fish hatcheries.  
· USFS lands are those owned or managed by USFS and include primarily National Forests, but also lands such as National Grasslands, Monuments, and Recreation Areas; Experimental Forests; Wild and Scenic Rivers; and Archaeological, Geological, and Mineral Reserve Areas. 
· NPS lands are those owned or managed by USFS and include primarily National Parks, but also National Historic Sites, Monuments, Preserves, and Recreation Areas. 
· BLM lands are those owned or managed by BLM and include primarily general BLM land, but also include BLM Wilderness, Areas of Critical Environmental Concern, National Conservation Areas, and National Monuments. 
· Tribal lands are those belonging to the Southern Ute and Ute Mountain Ute. 
· NGO and land trust lands are owned or managed by an NGO or land trust. These lands include conservation easements and land held in fee title. 
· Federal lands are not all federal lands as USFWS, USFS, NPS, and BLM are separate. In this context, Federal lands include Federal Aviation Administration, Federal Bureau of Prisons, general USA (agency unknown), US Army Corps of Engineers, US Bureau of Reclamation, and US Department of Agriculture, Commerce, Defense, and Energy. This is a fairly small dataset and only represents one conserved park protected in perpetuity in Jefferson County and managed by the Department of Energy. All other acreage is not protected land. 
· State lands are those that are owned or managed by state entities such as the Colorado State Land Board and Colorado Parks & Wildlife and include primarily land board lands, and additionally wildlife areas, universities, parks, habitat areas, fish hatcheries, administrative areas, fishing and hunting accesses, and even a few department of transportation wetlands. 
· Private conservation are privately owned or managed lands and include greenbelt, land with protections such as a deed restriction, natural areas, parks, open space, trails or trail access, cemetery, golf course, sport facility, and state habitat areas. About half of these private lands represent perpetual protection via a conservation easement. Though they have various types of easement holders to include land trusts and government, they are all managed privately. 
· [bookmark: _Hlk132456394]Local lands are those owned or managed by city, county, metro district, school district or joint government. These lands are made up of cemeteries, dog parks, fairgrounds, parks, agriculture, golf courses, greenbelt, museums, natural areas, swimming pools, stormwater areas, wetlands, trails, reservoirs, etc. Only 516 of 8168 entities have perpetual protection via conservation easements, fee title, or deed restrictions.  
There is a category for private lands, which are those held by private landowners with no conservation easement or deed restriction protection. These were excluded from the analysis, but were useful in verifying that all Colorado land was accounted for in the dataset. Table 1 provides detailed data layers, attributes, and sources.
Table 1: Detailed data layers, attributes, and sources.

	Layer Name
	GIS Layer 
Name
	Attributes
	Data Type
	Source

	Colorado County Boundaries
	Colorado_County_Boundaries
	County name, FIPS, coords
	Vector shapefile

	https://data-cdphe.opendata.arcgis.com/datasets/colorado-county-boundaries/explore?location=38.982450%2C-105.550600%2C8.23

	COMaP
	COMaP_v20211005

	Owner, public access, protection type, name, easement holder, holder type, acres

	Vector shapefile
	https://comap.cnhp.colostate.edu/comap-downloads/#

	Southwest Regional Gap Analysis Project
	Co_landcover
	Landcover category, count
	Raster
	https://swregap.org

	Adams County parcel data

	Parcels
	parcel Id, address, owner, appraised value (blank), assessed value (blank), Sale Price, Land Use Code, Area
	Vector shapefile
	Adams County Colorado Government
https://data-adcogov.opendata.arcgis.com/

	Adams County property values
	Property_values
	Type, actual value, assessed value, acres
	Standalone table
	Adams County Colorado Government
https://data-adcogov.opendata.arcgis.com/

	Jefferson County parcel data
	Jefferson
	parcel Id, address, owner, appraised value, assessed value, Sale Price, Land Use Code, Area
	Vector shapefile
	Colorado Information Marketplace
https://data.colorado.gov/Local-Aggregation/Statewide-Aggregate-Parcels-in-Colorado-2021-Publi/izys-vycy


	Denver County parcel data
	Denver
	parcel Id, address, owner, appraised value, assessed value, Sale Price, Land Use Code, Area
	Vector shapefile
	Colorado Information Marketplace
https://data.colorado.gov/Local-Aggregation/Statewide-Aggregate-Parcels-in-Colorado-2021-Publi/izys-vycy




Analysis & methods

ArcGIS Pro v.3.1.0 was utilized to perform mapping and descriptive spatial analyses. An overview of the mapping and analysis process is outlined in Figure 1.
[image: Graphical user interface, application

Description automatically generated]Figure 1: Analysis and methods overview. 
Sampling
Three representative counties symbolize lower socioeconomic conditions; rural lands, with low population density and a high plains mountain environment; and higher socioeconomic status, higher population density, and more access to formal mountain amenities. Adams, Douglas, and Jefferson counties were selected as they are in the Colorado Front and represent a range of rural to urban demographics (Lowry et al., 2005).
 Further, census data was explored via the US Centers for Disease Control and Prevention (CDC)/ Agency for Toxic Substances and Disease Registry (ATSDR) Social Vulnerability Index (SVI) and the US Environmental Protection Agency (EPA) 's Environmental Justice Screening and Mapping (EJScreen) tools. The SVI examines factors such as overall social vulnerability, socioeconomic status, household characteristics, racial and ethnic minority status, and housing type and transport. For overall social vulnerability (see Table 2 for more details) Adams ranked high, Denver ranked medium to high, and Jefferson ranked low (CDC/ATSDR, 2022). The EJScreen tool looks at environmental hazards in relation to demographic factors. For example, according to CDC/ATSDR (2022), one of twelve environmental indicators is "the lifetime cancer risk from inhalation of air toxics" and one of seven demographic indicators is "the percent of a block group's population in households where the household income is less than or equal to twice the federal poverty level." For all environmental factors the eastern part of Adams County was in the less than 50 percentile compared to the rest of the state, meaning that it is relatively unpolluted. The western side of the county closest to Denver radically differed with census block groups ranking in the 95-100 percentile for all categories, meaning that there are significant environmental pollutants present. For all environmental factors the majority of Denver County was in the at least 80-90 percentile compared to the rest of the state, and often much higher, meaning most of the county is significantly polluted. Jefferson County meanwhile was relatively unpolluted, being in the less than 50 percentile for all environmental factors compared to the rest of the state. (EPA, n.d.)	Comment by Flohr, Travis L: Be sure to translate this into common language. What does this mean for someone that has no idea what EJ screen is and what percentiles are, etc. Also, double check the whole document for the period before the citation. The period should go after the (Citation).	Comment by Flohr, Travis L: Same comment here. Most people want know what variables are in this tool and what the percentiles mean and if that is a good or bad thing. 	Comment by Flohr, Travis L: Same comments as above. 

The CDC does not provide a state-level enumeration unit for its SVI tool (CDC/ATSDR, 2022). However, the EPA's EJ screen tool shows that most of the state was in the less than 50th percentile for all environmental factors compared to the rest of the nation (EPA, n.d.).
Table 2. Comparison of county Social Vulnerability categories (CDC/ATSDR, 2022).
	
	Overall Social Vulnerability
	Socioeconomic Status
	Household Characteristics
	Racial & Ethnic Minority Status
	Housing Type & Transport

	Adams
	High
	Medium-High
	High
	High
	Medium-High

	Denver
	Medium-High
	Medium-High
	Low-Medium
	High
	High

	Jefferson
	Low
	Low
	Low-Medium
	Low-Medium
	Low



Descriptive Analyses	Comment by Flohr, Travis L: This sub-section can be condensed into two or three paragraphs. I believe the socio-economic, EJ screen, and CDC SVI are not relevant in this section because you used them to create your sample of counties to explore. Move this to its own subsection called sampling, just before this section.  
This study begins with a comprehensive analysis, examining land cover in Colorado and along the Front Range. Next, protected lands throughout the Colorado Front Range were mapped and overlain with county boundaries. A visual inspection confirmed the number of easements per county and is confirmed via a Structured Query Language (SQL) query. Table 3 details and compares state and county acreage totals and acreage per conservation easement type.  
Table 3. Comparison of state and county acreage per land category (Colorado Natural Heritage Program, 2021).
	
	USFWS
	USFS
	Tribal 
	NPS
	NGO & LT
	Federal

	Adams
	15,965
	0
	0
	0
	1,135
	1,055

	Denver
	0
	0
	0
	0
	894
	728

	Jefferson
	4,543
	832,992
	0
	0
	12,005
	2,688

	Colorado
	171,592
	14,478,127
	770,208
	709,418
	187,971
	453,571

	
	State
	Private Conservation
	BLM
	Local
	Private
	Total COMaP Acres

	Adams
	25,269
	13,091
	0
	12,479
	5,815,180
	5,890,085

	Denver
	124
	1
	0
	4,888
	73,993
	80,628

	Jefferson
	22,388
	15,468
	78
	75,601
	1,047,922
	2,013,685

	Colorado
	11,589,705
	2,376,504
	8,289,876
	443,411
	34,890,067
	66,620,880



Relevant parcel shapefiles include at a minimum: parcel number, parcel size, and property value. Property value per acre was calculated for ease of comparison. It is important to note that large numbers of parcels have zero property value because for tax purposes government entities do not pay property taxes. Further, agricultural land value is assessed as just 29 percent of actual value (Colorado Division of Property Taxation, 2015). Finally, conservation easements themselves influence property value for those encumbered parcels as they are generally appraised below fair market value due to the elimination of development rights. 
[bookmark: _Hlk115013884]Almost entirely full sample sizes are used, only non-numerical parcel identifiers and zero property value parcels were removed. These parcels were generally public utilities with no accompanying property value. The Pairwise intersect tool allows the data to retain all original attributes. 
Data cleaning involved removing duplicates, transforming text fields to integer fields, indexing values, and checking and repairing polygons. Polygons with self-intersections and duplications were corrected within parcel data. The calculate geometry tool ensured accurate area measurements.	Comment by Flohr, Travis L: There is a lot of passive voice in this section, try to write more of it in the active voice. 
To avoid potential edge effects of county-level analysis, Euclidean distances were calculated for all variables at a state level. This does not account for state-level edge effects, but it did help to lessen the influence on the county study area, especially as study counties were not on the border of Colorado. Euclidean Distance utilized a mask and processing extent of the state of Colorado with a cell size of 15 meters for statewide data such as USFWS, USFS, Tribal lands, NPS, NGO and land trust, federal, state, private conservation, BLM, and local protected land types. Zonal Statistics as Table with statistics type as Median was run to pair distance calculations back to a parcel data index for each Euclidean Distance layer. 	Comment by Flohr, Travis L: Meters of feet?
Finally, tables and variables were joined to the unit of analysis, the parcel dataset. Parcel polygons were converted to centroid points utilizing Feature to Point (Data Management Tools). A kernel density layer of the value per acre per parcel was created using the Kernel Density planar method (Spatial Analyst Tools). 

	The COMaP data layer was then overlain on the kernel density layer to compare property values with the locations of protected land. Finally, several dozen detailed bivariate maps were produced to illustrate the relationship between property value per acre and Euclidean distance from protected lands for each county and for each land category. Only one of the maps is included herein (Figure 4), but all maps were analyzed to produce the results. Bar charts display mean value per acre from varying median distances for each county and each land category (Figures 5, 10, A1 and A2). Again, parcels with zero property value per acre were excluded from these charts.
Results

Descriptive Analyses

The State of Colorado has 67 million acres (Stacker, 2022) and 64 counties (CDPHE, 2018). The US government owns less of the land in Colorado than other Western states, but the figure is still over one-third (Esri et al., 2022). Over 14 million acres (over 20 percent of Colorado) are administered by the US Forest Service, with the Bureau of Land Management as the other large holder at over 8 million acres (over 11 percent of Colorado) (Colorado Natural Heritage Program, 2021).
Colorado has 6,740 conservation easements totaling 2,896,711 acres (over 4 percent of Colorado) of various types held by multiple entities such as land trusts, Non-Governmental Organizations (NGOs), and local, state, and federal governments. The smallest easement, Niwot Hills, is 0.009 acres, is held privately, and is in Boulder County. The largest, Sangre de Cristo Conservation Area, is 89,324 acres of private land with an easement held by the US Fish and Wildlife Service (USFWS). Colorado Open Lands land trust has the most easements by number, with a count of 801 easements, Colorado Cattleman's Agricultural Land Trust is a close second with 794, and Boulder County has the third most holding 765. Most are perpetual, but a small portion is protected for 30 and 40 years, and many are listed as unknown protection. These easements are distributed throughout Colorado. A few vast tracts cluster in the south-central portion of the state along the New Mexico-Colorado border in the Sangre De Cristo Mountains. (Colorado Natural Heritage Program, 2021)




Adams County
[bookmark: _Hlk131575529][image: Diagram, timeline

Description automatically generated]Adams County has no USFS, Tribal, NPS, or BLM land. Private land comprises 98.7 percent of the land. State land is a distant second at 0.4 percent. USFWS land is third, with almost 0.2 percent. Private conservation is fourth, with over 0.2 per cent, and total NGO and land trust land is sixth, with over 0.01 percent. The largest land use category for the county is agriculture (Figure 2). (Lowry et al., 2005; Colorado Natural Heritage Program, 2021).

Figure 2. A Landcover Map of Adams County, Colorado, indicates primarily agricultural land use (Lowry et al., 2005).
The far west side of the county has significantly more urban development than the rest (with smaller parcels), and generally, property values are substantially higher (Figure 3) (Lowry et al., 2005; Colorado Natural Heritage Program, 2021).
[image: Map

Description automatically generated]
Figure 3. Assessed land value per acre and protected land categories in Adams County, Colorado (Colorado Natural Heritage Program, 2021).	Comment by Flohr, Travis L: Map like this could also benefit from a bar chart. For example, if you select by location and have two or three distance thresholds per easement type you could quickly summarize the average values per distance away from each easement type per county. 	Comment by Flohr, Travis L: I think this would be a powerful graphic to reinforce some of your writing, that isn't as intuitively understood from the map by itself. 	Comment by Flohr, Travis L: The grey background base map makes the lower grey thresholds hard to read and distinguish from each other.
The Local protected land category is adjacent to numerous high-value properties in Adams County (Figure 4). Adams County contains one Federal protected property. A few assessed property values are relatively high nearby on the west side of the property. The parcels are not adjacent but are only separated from the property by a road. Adams County also contains state protected lands. Overall, most assessed adjacent property values are low. Only one state protected property may have an impact on adjoining property values. Proximal parcel land values increased adjacent to one private conservation-protected property in Adams County, Colorado. The property was part of a country club and golf community. (Colorado Natural Heritage Program, 2021)




[image: Map

Description automatically generated]
Figure 4. Close-up of many proximal parcel land values, which saw an increase adjacent to the local government protected property in Adams County, Colorado (Colorado Natural Heritage Program, 2021).
In Adams County, no parcels adjacent to USFWS or NGO and land trust protected lands displayed increased property values. NGO and land trust lands showed a slight potential increase in nearby mean property values when looking at more generalized median distances of less than or equal to 1/8 of a mile compared to greater than 5 miles. Federal, state, and private conservation protected lands represented a minimal potential influence on increased property values for adjacent lands and no potential positive impact for nearby property values. Of all protected land categories in Adams County, local government protected lands represented by far the most potential positive influence on increased property values for adjacent and nearby lands. (Figure 5) (Colorado Natural Heritage Program, 2021)	Comment by Flohr, Travis L: Be sure to be specific - influenced positively or negatively? 




Figure 5. Property values in relation to median distance from protected lands in Adams County (Colorado Natural Heritage Program, 2021). Parcels with zero property value per acre were excluded. 

Denver County
Denver County has no USFWS, USFS, Tribal, NPS, or BLM land. Private land makes up the vast majority of the land, at almost 93 percent. Local land is a distant second at 6 percent. Total NGO and Land Trust land is third with 1 percent. The largest land use category for the county by far is developed (Figure 6). (Lowry et al., 2005; Colorado Natural Heritage Program, 2021)	Comment by Flohr, Travis L: Go through your document and make sure all double citations are properly formatted. 
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Figure  6. A Landcover Map of Denver County, Colorado, indicates primarily developed land use (Lowry et al., 2005).	Comment by Flohr, Travis L: This map could use a legend. 
Most of Denver County is developed with small parcels and property values are generally high (Figure 7) (Lowry et al., 2005; Colorado Natural Heritage Program, 2021).
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Figure 7. Assessed land value per acre and protected land categories in Denver County, Colorado (Colorado Natural Heritage Program, 2021).
In Denver County, no parcels adjacent to or generally nearby (a median distance of less than or equal to 1/8 mile) the one Private Conservation property indicated an increased property value. Parcels separated from federally protected lands by a road showed a potential increase in some property values, but generally nearby properties did not increase in value. Some state-protected lands displayed increased adjacent property values, but generally nearby properties did not increase in value. Local and NGO and land trust protected lands illustrated the most potential influence on increased property values for adjacent and nearby lands. (Figure A1). (Colorado Natural Heritage Program, 2021)
Jefferson County 
Jefferson County has no Tribal or NPS land. Private land makes up over 50 percent of the land. The USFS is the second largest entity at 41 percent. Local land is third at over 3 percent. Private conservation is fifth with 0.7 percent and Total NGO and land trust land is sixth with 0.6 percent. The western portion of the county is mainly natural land cover, while the northeast represents concentrations of developed lands. (Figure 8). (Lowry et al., 2005; Colorado Natural Heritage Program, 2021)	Comment by Flohr, Travis L: Consider writing in active voice. 
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Figure 8. A Landcover Map of Jefferson County, Colorado, indicates primarily natural and developed land use (Lowry et al., 2005).
Primarily natural and developed landcovers divide Jefferson County, and property values are mainly concentrated in the developed northeast (Figure 9). (Lowry et al., 2005; Colorado Natural Heritage Program, 2021)
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Figure 9. Assessed land value per acre and protected land categories in Jefferson County, Colorado (Colorado Natural Heritage Program, 2021).
In Jefferson County, no parcels adjacent or nearby (less than or equal to a median distance of 1/8 mile) to USFS or BLM-protected lands displayed increased property values. USFWS-protected lands represented a fairly minimal potential influence on increased property values for adjacent and nearby lands. Of all protected land categories in Jefferson County, numerous state, federal, NGO land trust, local, and private conservation lands demonstrated potential solid influence on increased property values for adjacent lands. NGO and land trust, local, and federal all showed a potential solid influence on increased property values for nearby lands. (Figure A2). (Colorado Natural Heritage Program, 2021)
Adams, Denver, and Jefferson Counties
For all three counties, local government protected lands appeared to potentially increase property values significantly in parcels within a median distance of less than or equal to 1/8 of a mile (Figure 10). 

Figure 10. Property values in three Colorado counties in relation to median distance from local protected lands (Colorado Natural Heritage Program, 2021). Parcels with zero property value per acre were excluded. 
Discussion

None of the three counties had Tribal or NPS lands, so this study could not assess the impact of those protected lands on adjacent property values. All except Jefferson did not have BLM lands, and Jefferson only had one BLM property. Only Jefferson had USFS land, while Denver was the only county with no USFWS land. Land protection categories are not equally represented in size or distribution across the three counties making comparison challenging. (Colorado Natural Heritage Program, 2021)	Comment by Flohr, Travis L: Consider writing in the active voice. 
Only local protected lands demonstrate a potentially strong influence on adjacent property values in all three counties (Colorado Natural Heritage Program, 2021). This result is exciting and contradicts information from the previous hedonic valuation of land protection methods applied in Larimer County in Northern Colorado (Kling et al., 2015). Kling et al. found that "only proximity to national and state parklands had a significant positive impact on property values, while city/county [local] land, national forest, and privately conserved land exhibit marginally significant or no significant effects." This result is also concerning because only 6 percent of the local protected lands in Colorado are protected via more strict conservation easements, fee title, or deed restrictions (Colorado Natural Heritage Program, 2021).	Comment by Flohr, Travis L: Consider writing in the active voice. 
No shared category of land showed no impact on property values for each county, though each had at least one type that appeared to have no influence. Similarly, all had varying categories that seemed to exert a potentially weak influence on property values where just one of many properties influenced another, or the dataset was limited to just one property and that property showed an influence. (Colorado Natural Heritage Program, 2021)
While state land is the highest percentage category of protected land in Adams county, it represented a minimal potential influence on increased property values for adjacent and nearby property values. It is worth noting that local and NGO and land trust lands comprise Denver County's most significant percentages of non-private land, respectively, and also display strong potential influences on increases in adjacent and nearby property values. Interestingly, USFS lands represent Jefferson County's largest non-private land category by acreage but do not appear to influence adjacent or nearby property values. (Colorado Natural Heritage Program, 2021)
An important observation is that developed land cover areas in all three counties correlated with higher property values. Many of the protected lands within these developed areas appeared to be the ones impacting increased property values. This seems to be a preliminary potential confirmation that protected lands have a larger impact on increased property values in urban settings than rural areas. (Lowry et al., 2005; Colorado Natural Heritage Program, 2021).
Overall Study Impact
These results demonstrate that there is potentially a relationship between protected lands (local protected lands in particular) and increased property values for adjacent and nearby land in Adams, Denver, and Jefferson Counties. Further, this study indicates that there may be a proportionally higher impact on increased property values in urban areas than in rural areas from nearby and adjacent protected lands. This research supports the previous scholarship of Reeves et al., 2018; Mittal, 2014; and Votsis, 2017 which demonstrated the positive impact of various types of open space and/or protected land on housing prices. 
Public and Private Policy Implications
This study has policy implications for local public entities that hold or own conservation easements or protected land categories adjacent or nearby to other public local lands, as it means that protected lands potentially increase those holdings' value. The fact that protected lands potentially increase adjacent and/or nearby property values is of interest to private investors as well. 
It is interesting to note that Adams County, relative to the rest of Colorado, has a high ranking of social vulnerability. Social vulnerability suggests that more practical agricultural easements will likely have more impact than luxury mountain amenities. Those that are in lower socioeconomic situations are less likely to need a tax deduction from a charitable contribution but more likely to be incentivized by conservation easement purchase options that allow for a continued living from the land. Given that many rural areas are not currently zoned for small lot development, the foregone development rights are simply not worth as much either. A low charitable donation value makes an outright purchase more attractive. Agricultural land has many conservation values, from scenic viewshed to wildlife habitat. Many federal programs encourage and financially incentivize benefits to wildlife, such as setting aside acreage to leave seeds on the crops for wildlife food and cover. Purchasing easements or protected lands is a way to reach a segment of the population that may have vital environmental resources but cannot afford charitable donations. On the opposite side of the spectrum, Jefferson County has a low ranking of social vulnerability in comparison to the rest of the state. Unsurprisingly, many categories of protected land- local, state, federal, NGO and land trust, private conservation lands- had significant impacts on property values. (Colorado Natural Heritage Program, 2021)	Comment by Flohr, Travis L: Go through your paper and make sure you consistently spell this. In some places, you have socio-economic, and in others, you have socioeconomic. 
Scientific Impact
The study results show that not all protected lands and conservation easements are the same, whether the land or the incentives infrastructure. Optimizing land conservation in a specific context will benefit the most people and land. This study also forms a basis for examining rural and urban conservation contexts and can serve as a foundation for sophisticated models considering a large set of dependent variables. 	Comment by Flohr, Travis L: Consider writing in the active voice. 
Future Research Plans
An expanded study area to include the entire state of Colorado and a deeper examination into protected lands subcategories would likely result in more tailored conservation approaches and could have applicability to other state conservation approaches. Utah is particularly interesting as a future study area due to the presence of large tracts of existing protected land, the availability of state conservation easement purchase funds, and several successful county and municipal open space bond programs. It would also be interesting to compare the property value influence of conservation easement protected lands to other protected land categories. Comparing by proportionate acreage and the number of acres impacted would be of value because it would level the variations between counties and protected land categories. This comparison would provide a more accurate accounting of the significance of the impact. 	Comment by Flohr, Travis L: Why? Don't assume your reader will make the connections you do. You need to spell this out in literal and detailed terms. 
Challenges/Limitations
Though Colorado is an open-data state, there were still significant limitations to the available data. For example, parcel data was available only for 32 of 64 counties. There were wide disparities in the detail provided within the existing parcel data. Some counties did not publish property value information by parcel. Data on public access and recreational opportunities, historical or agricultural structures, the threat of development, and landowner circumstances was also incomplete. 
Further, edge effects almost certainly influence the data. For example, whether a state or county boundary is utilized, there are nearby easements or protected open space outside of those lines in each instance. In one example, Dinosaur National Monument spans the Utah-Colorado border. 	Comment by Flohr, Travis L: Consider writing in the active voice. 
Colorado has remarkable quantities and types of national, state, and county conserved land. Most of the western portion of the state represents federal land. Not all protected land categories were present in the study area, and present lands' distribution, size, and count were extremely variable. Finally, more research should be performed to rule out coincidence. Just because protected lands are adjacent and nearby to relatively high property values does not confirm independently that the proximity to protected lands causes the high property values. 
Conclusion

Land protection via conservation easements and other development restrictions are a means to combat climate change, biodiversity loss, shrinking open space and agricultural lands, increasingly overburdened public lands, and decreasing quality of life for present and future generations. Conservation easements protect natural and public resources in perpetuity and are likely the most legally protected.
This research demonstrates that land values can increase with proximity to protected land in primarily urban areas within three counties along the Colorado Front Range. Local protected land had the most consistent impact on increased property values. This information allows us to optimize conservation approaches and financial incentives resulting in the protection of vital resources. 
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Appendix


Figure A1. Property values in relation to median distance from protected lands in Denver County (Colorado Natural Heritage Program, 2021). Parcels with zero property value per acre were excluded. 






Figure A2. Property values in relation to median distance from protected lands in Jefferson County (Colorado Natural Heritage Program, 2021). Parcels with zero property value per acre were excluded. 




Mean Value Per Acre by Distance

≤ 1/8 mile	
USFWS	NGO land trust	Local	Federal	State	Private conservation	2393690	2461727	3098584	2014367	1853215	2272589	>	 5 miles	
USFWS	NGO land trust	Local	Federal	State	Private conservation	3006353	2267960	551974	3163273	2210917	3345057	Protected Land Category
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Mean Value Per Acre by Distance from Local Lands

≤ 1/8 mile	
Adams	Denver	Jefferson	3098584	3335825	2484501	>	 5 miles	
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Mean Value Per Acre by Distance

≤ 1/8 mile	
NGO land trust	Local	Federal	State	Private conservation	2578506	3335825	3297981	3945438	2305880	>	 5 miles	
NGO land trust	Local	Federal	State	Private conservation	53743	121225	4221222	4678819	4197964	Protected Land Category
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Mean Value Per Acre by Distance

≤ 1/8 mile	
USFWS	NGO land trust	Local	Federal	State	Private conservation	USFS	BLM	2698975	2650205	2484501	2170954	1509402	1204856	228004	22967	>	 5 miles	
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