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Executive Summary

Due to lack of information, the remote nature of rural land ownership, and antiquated management processes, land leases for hunting can be both an informal and inefficient market. Digital marketplaces have been created to address challenges in other asset classes, like Airbnb for home rental and Uber for ride sharing, and Outdoor Access is one such marketplace for hunting leases. Like other marketplaces, establishing trust between market supply and demand participants, in? the marketplace is a foundation for growth in the business. Furthermore, establishing accurate and reliable pricing for the land being leased for hunting is a difficult yet critical part of the trust building process for Outdoor Access, which is responsible for sourcing both landowners and hunters being the supply and demand participants, respectively.
This objective of this project was to develop an accurate and reliable predictive land pricing capability for long-term hunting leases in the Outdoor Access marketplace. Paid recreational leases on hunting listings from 2020 were analyzed and, using publicly available spatial data, a linear regression model was created to assign predictive lease prices to a subset of hunting listings participating in the company's leasing program in 2021. Based on the suitability analysis, the model automatically assigned a recommended lease price to new listings that met the study’s criteria and activated in 2021, with the option for both landowners and hunters purchasing the lease to adjust the price. This automated pricing capability was tested throughout 2021 and analyzed in early 2022.
143 leases sold in 2021 met the baseline characteristic criteria for the study and were analyzed with a predicted lease that used the linear regression model. The pricing tool assigned a predicted revenue per acre on each of the participating leases based on the number of acres, proximity to urban areas, proximity to hydrology, and the diversity of land cover on the property. Predicted revenue values were assigned to the leases, with an opportunity for landowners to adjust the price, and made available to Outdoor Access members, who could also propose a difference price for the lease. The result was nearly 90% of new 2021 lease prices were overridden by the landowner or hunter, with a mean delta of more than 50% of the recommended lease price, representing a significant deviation away from what the model predicted.
Despite the statistical significance of the variables developed for the linear regression model, the actual predictive capability of the tool was low. Indeed, the significant difference in pricing for 2021 leases in the study area, compared with the predicted price for 2020, demonstrates the difficulties associated with pricing in the hunting lease market. Explanations for this deficiency include:
· The quality and quantity of data used for analysis.
· A new scouting capability that allowed hunters to visit a property prior to purchasing the lease.
· The intrinsic value of the land, derived from characteristics undiscernible from the data in the model.
· Incentives for price changes in a dynamic, efficient market, where both sides have the option to negotiate.
While the tool developed as part of this project did not accurately predict hunting lease prices, it did provide both supply and demand with an objective, data driven approach to establishing a lease price. The Outdoor Access team believed both supply and demand in the market responded positively to the predicted price, even if it was inaccurate. Therefore, there is value in improving the model, with four areas this project has highlighted for future enhancement:
· Take advantage of future increases in the size of the leasing dataset in the Outdoor Access platform.
· Grow the number of variables used in the model by seeking out new publicly available spatial data.
· Look for ways to efficiently leverage insights from hunters and staff in the field.
· Gather data from other landowner on the leasing rates they are experiencing in the market.
· 
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Recreational land leasing has historically been conducted with little more than a handshake. As a result, the leasing of real property for ecosystem services such as recreational activities (e.g., hunting, fishing, and camping), agriculture, timber management, mineral harvesting, or aquaculture, can be both an informal and inefficient market and therefore faces both challenges and opportunities for landowners.  For example, owners of many properties that may benefit from leasing arrangements may not be aware of leasing opportunities, and prospective customers may not be aware that such desirable properties are available for lease. The remote or rural areas where such properties may be located can contribute to the lack of landowner and customer awareness contributing to market inefficiency. Further, the way leases are currently managed requires manual entry of data, with no standardization, and is often paper based. As such, even if two parties find each other to consummate a desirable real property leasing transaction, the record of such transaction could be incomplete, lost, or inconsistent with best practices, potentially resulting in confusion or disputes over permissions and responsibilities. 
To address these challenges, digital marketplaces for various land uses have evolved such that landowners may effectively rent or lease their land for various purposes and remuneration.  For example, services such as Airbnb permit homeowners to temporarily rent their homes for payment from customers desiring an alternative to a traditional hotel room. In these businesses, the online business facilitates a transaction between supply and demand with a platform that finds and connects the two parties while providing tools that reinforce trust, streamline processes, and provide liability protections. Indeed, trust is a central tenet in these two-sided marketplaces, where the business is responsible for sourcing both supply and demand, as both parties may be wary of working with the other without it, with platforms standardizing the process and facilitating trust. For example, in the case of ridesharing, the thought of stepping into a complete stranger’s vehicle, letting them drive you to your home, and then paying them for the ride would have been unheard of a decade ago but now, with a Lyft or Uber sticker in the driver’s dashboard and a mobile app connecting both parties, this transaction is an integral part of daily life, around the world. 
In recreational land leasing, one such two-sided marketplace is Outdoor Access, which digitally connects landowners with outdoor enthusiasts for short- and long-term land leasing for recreational activities like hunting, camping, fishing, and horseback riding. Since its 2016 launch in Richmond, Virginia, Outdoor Access has signed up more than 6,000 members who pay a membership fee to access to over 1,000 properties, predominantly in Virginia and North Carolina. For landowners, the marketplace is a technology platform that earns supplemental revenue on their land while providing flexibility, safety, and control. Everything is managed in the firm’s online platform, all members complete a full background check, and all landowners are covered by a $4M general liability insurance policy. Outdoor Access builds the listings on behalf of its landowners, markets them to its member community, and administers reservations. Landowners have complete control over activities, calendar availability, and property rules. Working with the Outdoor Access team, landowners set lease prices and retain 85 to 90 percent of each booking. Entities in the platform include sole proprietors, LLCs, LLPs, corporations, trusts, and educational institutions; anyone is eligible to participate.
Key Pricing Variables
Like other real estate transactions, location and property characteristics are critical in the accurate pricing of recreational land leasing. The key attributes for high quality properties including access to water, wildlife habitat, facilities, and other amenities. These variables seem to drive utilization and corresponding leasing income. Activities that demand exclusivity, like hunting, target shooting, and relic hunting command the highest fees. Both small and large properties perform well in the platform, ranging in size from one-acre urban archery properties to thousand-acre rural listings. Disaggregating tracts into parcels with specific attributes and then offering multiple smaller tracts with high value attributes can be an effective strategy to optimize income. For example, making separate listings for a waterfowl marsh habitat, fishing pond, and upland woods out of one contiguous tract that contains all three can produce higher per acre financial yields, compared to leasing the same property through a single, all-encompassing hunting lease.
In fledgling digital marketplaces, with limited initial supply and demand, establishing pricing for supply is challenging. If the price is set too low, it will quickly be consumed, the suppliers will be frustrated that they could have achieved a higher price and will look for alternatives for making their asset available. If the price is set too high, it will frustrate consumers, who will then seek alternatives in other marketplaces or on their own. Establishing accurate pricing during the launch phase of a new digital marketplace is particularly important, as success is dependent on the strength of network effects, where more supply attracts more demand which in turn attracts more supply, creating a flywheel effect.
Traditional leasing of land for ecosystem services exacerbates the pricing challenge, as the term of these leases is often a year or more.  This constrains landowner liquidity, as the price is locked in for a long period of time, with little or no recourse to either party in the transaction if the price is too low or too high. Therefore, establishing an accurate price for the lease, that most precisely reflects the value potential of the land being leased and local market conditions, is critical. This challenge is further complicated by the fact that the existing land leasing prices may inaccurately reflect current market conditions, as the entity leasing the land may have incentives to underpay for the lease, given the difficulties in land leasing just discussed.   In short, currently, land leasing for recreation/ecosystem services is an imprecise and often inefficient market.  Thus, determining the lessee’s true willingness to pay when bringing new supply into a marketplace is both a challenge and opportunity for recreational leasing.
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Outdoor Access is early in its journey as a startup and, at this stage, establishing the most accurate price for landowners continues to be an important part of the enrollment in the marketplace process for potential landowners. The current leasing market tends to moderate lease rates because there is not transparency in prices and enough demand for landowners. The challenge is landowners expect a price to be established at the beginning of the onboarding process, prior to any site visit or detailed analysis of their property, which creates a risk that A third party such as Outdoor Access that does not have specific experience or history in a given location, might price the lease too high or too low. Therefore, having an objective process to establish an accurate lease price, ideally based on a standardized set of metrics and prior to initial contact with the landowner, will give the company a significant competitive advantage in a market with opaque pricing. 
Project Objectives
In this Master’s Project, I will explore whether an accurate predictive land pricing capability can be developed for long-term hunting leases on land available in the two-sided outdoor recreation marketplace, Outdoor Access. To start, paid recreational leases on hunting listings from 2020 will be analyzed and key attributes that contribute to the price of these leases will be established. Then, using publicly available spatial data, a geoprocessing capability will be developed to assign predictive lease prices to hunting listings participating in the Outdoor Access program in 2021, using a linear regression model derived from the previous year’s data. This model will be used to create a pricing algorithm to automatically assign pricing to each new listing activated in 2021, based on the suitability analysis, with the option for both landowners and members to adjust the price. This automated pricing capability will be tested throughout 2021 and analyzed in early 2022. 
Support for the project will come from the team at Outdoor Access, specifically the company’s land management and systems engineering staff. The incentives for this project and the company’s strategic objectives are aligned, as Outdoor Access needs a capability to price new leases, particularly as it grows into new and unfamiliar markets. Backing for this project has been garnered from all the company’s stakeholders: as the President of the company, I have a commitment from the company’s Board of Directors and team members to support the project, as it offers strong overall benefits for the company outside the frame of this project.
Approach
This project report is divided into five parts. In the Background section, I will conduct a review of academic literature in establishing prices for hunting leases. This research will identify: the key variables influencing pricing for hunting leases; the ways landowners establish these prices, and the limitations of quantifying pricing in a fluid market. In the Methods section, I will provide details on the approach taken to develop the pricing data model, based on the findings in the review of existing research, and gathering the source information and approach for establishing hunting lease prices across two years in the Outdoor Access platform. In the Results section, I will present the results from the data analysis, details on the operations performed during analysis, and the limitations of the analysis.  In the Discussion section, I will explore my findings, establish the limitations of what was discovered, and consider the implications across the broader area of research. In the final section of this report, I will consider the value of the research across a range of applications and will discuss recommendations for next steps, both as an extension of this specific project and for setting pricing in broader land leasing.
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Existing research has established several variables correlated with the price for recreational hunting leases in the United States and understanding these factors is an important first step in developing a model for predicting hunting lease prices. Prior research has shown pricing in the United States hunting lease market is dependent on four variables: the duration of the lease; available game on the land and the hunting privileges conveyed therein; the intrinsic value of the land, and the underlying and observed demand for the lease (Hussein et al, 2007). Other factors, like the size of the property, the type of land ownership (e.g., corporate entity of individual landowner), and whether the landowner resides on the property have been examined in the research, but the influence of these variables is inconclusive (Hussein et al, 2007).
The duration or term of the lease is the most important factor in pricing, as utilization of a property is dependent on how much time to use the land is made available by the landowner. In the existing market, long-term leases hunting typically have a term of at least one year, with everything else considered short-term. For the Outdoor Access marketplace, almost all its leases are less than a year in duration, making them all short-term in the context of the existing market. There is a wide degree of variability in the pricing between short- and long-term leases, as the constraints of a short-term lease might decrease the price but could, conversely, raise the price should the property be more desirable due to other variables, which could incentivize the landowner to break up the utilization. Long-term leases, on the other hand, offer lessees an opportunity to familiarize themselves with the property and conduct any pre-hunting activities such as scouting that may increase their likelihood of success.  In short, there seems to be value in developing a relationship with a given piece of land over time. With the constraint regulations place on hunting seasons in mind, the actual utilization time for a long-term lease may still be short in duration in any given calendar year.
The availability and abundance of game on the property is an equally critical pricing factor. In the eastern portion of the United States, where Outdoor Access has the largest footprint, this includes whitetail deer, wild turkey, wild feral hogs, waterfowl, bear, and small game, with availability dependent on the quality of the habitat and the constraints set on when hunting can occur and how game can be harvested by regulations specific to each state. For instance, in eastern North Carolina, quality feral hog habitat is relatively abundant, but relatively smaller parcels of private land make it difficult to harvest a boar and the State wildlife commission limits the season and number of hogs a hunter can harvest. This is in comparison to Texas, where quality feral hog habitat is widespread with larger parcels of private land available for hunting and the species is considered a significant nuisance, resulting in a year-round season and no limits on the number of harvests, leading to private offerings like helicopter hog hunting with semi-automatic weapons. Hunting privileges are not only impacted by the regulatory environment but what the landowner permits in terms of the number of hunters, limitations on the type of method (e.g., archery only versus firearm), and additional constraints on when hunting can occur (e.g., no Sunday hunting) on a property (Sibly, 2000). 
The intrinsic value of the site, specifically the quality of wildlife habitat, plays the most important role in the price of a lease. Habitat for game often manifests itself in heterogeneous land cover, with a varied mix of agricultural, forest, and pasture landscape on a lease, leading to “game abundance, diversity, and quality which can be expected to positively relate to hunter willingness to pay for access and consequently higher lease revenues” (Hussein et al, 2007). Diverse landscapes offer important edge habitat for wildlife and the chance for more varied food sources than a homogeneous landscape. In addition to diverse land cover, researchers have shown that habitat is enhanced when wildlife have better access to a water source, as game are more likely to traverse through land nearby perennial hydrologic features (Hussein et al, 2007). Where these site characteristics can be met, land values can increase significantly, with hunting lease revenue increasing the value of agricultural land 6% and forest land 7.5% (Munn and Hussain, 2010).
Demand also plays a fundamental role in the pricing of recreational leases, with increases in both underlying and observed demand natural leading to higher prices, with more potential (underlying) users and actual (observed) users (Sibly, 2000). This is especially true for hunting leases, where the activity places an overlay of stricter use constraints on the observed demand, given the safe use of firearms will limit the number of users over a typical area. In the case of Outdoor Access, the team has found that a general rule of thumb is to limit the size of a party to one member for every twenty-five acres of land, as this seems to provide a large enough ratio of hunters to land to provide for a safe experience and positive outcome for both the landowner and hunter. In addition, hunting leases on private land are almost always exclusive in nature, with only one party accessing the land at any given time, further limiting the observed demand, despite a higher number of potential users. 
Disequilibrium in the marketplace has led to access issues for hunters, who are unable to find leasing opportunities on private land, and for land managers, who find themselves permitting hunting rights on public and private land with lotteries, leaving many in the hunting community frustrated and unable to pursue their passion. Surveys have found land access is typically the first or second biggest problem facing hunters, with a recent survey of hunters finding that more than a third of hunters believe that recent declines in hunting can be directly attributed to “lack of access to quality habitat” (American Hunting Lands Association, 2019). Outdoor Access, with its mission to “Unlock the Outdoors”, is tapping into the overwhelming demand for exclusive access to private land for hunting and is attempting to address the issues in the marketplace by providing access to land that has never been available for hunting before, to a broader community of hunting enthusiasts.
Limitations in access to data and the large number of variables impacting pricing have made it difficult for researchers to assign macro level indicators to both hunting leases and pricing considerations for marketplaces seeking out supply and demand. Furthermore, none of the studies researched for this project quantify the role land access, safety considerations, and liability mitigation play in the narrow leasing market for hunting (Hussein et al, 2007). Furthermore, no assessed value has been placed on the role trust plays in establishing the relationship between parties engaged in a hunting lease or even in the other modern “gig economy” transactions like ride or home-sharing. Accurate pricing is a critical foundation for trust in two-sided marketplaces and this project, through the lens of Outdoor Access, will seek to enhance trust with the use of data analytics.
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At its founding in 2016, Outdoor Access initially focused on short term recreational leasing and, by December of 2020, the company had established leasing relationships with over 600 landowners in sixteen states, who had over 1,000 listings available in the company’s marketplace. Source listing data from this year was provided by the Outdoor Access team for use in the project in a Microsoft Excel spreadsheet format and an Esri File Geodatabase format. 412 of the listings available in 2020 offered hunting opportunities in Virginia and North Carolina, which allowed for a diverse and relatively narrow study area within two adjacent and nearly identical markets in terms of regulation, demographics, and hunting opportunities. These listings were procured using direct mail marketing efforts to landowners who were identified as having heterogeneous land cover attributes, where other land cover types (e.g., forest, wetlands) made up at least a quarter of the listing area, with the remainder in agriculture. This meant that, from the start, many of the listings in Outdoor Access typically exhibited the key site attribute identified in the previous section, land cover diversity, which leads to stronger wildlife habitat, and hence more abundant game, thereby translating to higher lease rates. 
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Figure 1 | Map of 2020 Outdoor Access Listings in North Carolina and Virginia
It was clear from a review of the literature related to hunting lease prices in the previous section that the game available for hunting on the property and the duration of the lease were the two most important determinants for higher price, with any variability in these factors leading to a dramatic impact on pricing. Indeed, the Outdoor Access already believed variables were so sensitive that closing a lease sale could be in jeopardy if the property didn’t offer the duration or available game deemed necessary by a potential lessee. As a result, any dataset predicting lease pricing would need a high-quality offering in terms of available wildlife and duration.
Of the 412 hunting listings in North Carolina, 362 offered exclusive hunting opportunities for whitetail deer and wild turkey, with no limitations on the type of weapon or other usage limitations outside the current regulatory framework. Narrowing the dataset to these listings controlled for the variables – available game and hunting privileges – that can impact the price of leases. The duration offering on the 362 hunting listings could be broken down into 282 listings sold as short-term leases and 76 listings sold as long-term listings, with short term leasing define as eight weeks or less and long-term leases including any booking more than eight weeks in duration (most hunting seasons have a duration shorter than eight weeks, so leases longer than this period typically cover more than one season). Due to the large number of short-term leases in the Outdoor Access platform, the team initially wanted to include these in the predictive analysis. However, it became clear that predicting pricing for short term leases would not be possible under the current market conditions and the constraints of the initial pricing algorithm. 
To establish a dependent variable for pricing prediction, the total leasing revenue per acre was calculated for each listing and reviewed by the team. The total revenue was calculated based on the accumulated revenue on a listing for a calendar year, including all short- and long-term leases that occurred on the listing during that period. A dichotomy was observed between the revenue on short-term and long-term leases, with short term leases achieving much larger revenue per acre than long term leases, with the mean 2020 revenue for short-term leases at $48.85 and the mean 2020 revenue for long-term leases at $24.25. Based on discussions with the Outdoor Access landowner team, this was because short-term leases were generally established for listings that were closer to urban areas and where these listings, due to development constraints, had smaller acreage sizes. The urban proximity typically overcame any issues around lease acreage size, such that demand was so high for these listings that they could command virtually any price offered in the market. This resulted in a much higher per acre gross lease rate for the landowner and, due to different pricing strategies established with them, much more variability in the pricing of short-term leases compared with long term leases. 
Due to the variability in pricing power of short-term leases and the large discrepancy in price per acre, it was determined that short-term leases should not be included in the initial dataset used for analysis and that any pricing capability would need to focus on listings that exclusively offered long-term leases. This further narrowed the universe of data used for establishing a capability to apply the pricing from the 76 baseline listings from 2020 to future long-term leases. Pricing short-term leasing offerings would remain a manual process that relied on the Outdoor Access landowner team’s knowledge of the local market conditions and the landowner’s goals for revenue and the number of utilization cycles.
As identified in the previous section, researchers have established two other variables – the intrinsic value of the land and consumer demand for the lease – as correlating with higher prices associated with recreational leasing. To establish a set of metrics that measured the value of these two variables, the 76 long-term hunting listings from 2020 in North Carolina and Virginia were enriched with the geoprocessing tools and assigned values for three “pricing power” attributes, using the following publicly available geospatial datasets that could serve as a proxy for these two variables:
· Distance in meters to the nearest urban area with a population greater than 500,000 people, using the national urban areas dataset from the U.S. Census Bureau. For this proxy, proximity to urban areas is an indicator for higher consumer demand, such that a smaller distance value could be associated with a higher lease price. This distance was calculated using the “closest” parameter in the Spatial Join tool in Esri’s ArcGIS Professional software.
· Distance in meters to the nearest water feature, which includes all primary hydrologic features, using the National Wetlands Inventory data from the U.S. Fish and Wildlife Serve. This is a proxy to the value of the land and the quality of the habitat, as nearness to a perennial water source for wildlife is an indicator for the intrinsic value of the land, such that a smaller distance could be associated with a higher lease price. This distance was calculated using the “closest” parameter in the Spatial Join tool in Esri’s ArcGIS Professional software.
· Standard deviation of the following primary land cover classes, derived from 30m resolution land characteristics, using the National Land Cover Dataset from the U.S. Geological Survey:
· Forest (Deciduous, Evergreen, Mixed)
· Pasture / Hay
· Crops
· Other land cover types (open water, developed land, barren land, wetlands)
· For this proxy, the standard deviation in land cover classes is an indicator of diverse land characteristics, such that a smaller deviation indicates more land cover diversity and could be associated with a higher lease price. By measuring the standard deviation of each land cover class, listings with more heterogeneous land cover characteristics are given more weight. The resulting values were calculated using the Summarize Within tool in Esri’s ArcGIS Professional software.

Figure 2 | Map of Listing with Overlays used for Geospatial Analysis
With a baseline 2020 leasing dataset established and proxy geospatial analysis completed, the Outdoor Access team needed a capability to automatically assign pricing to new leases in 2021, as they were created in the platform. Creating a basic linear regression tool was determined to be the most efficient and simple place to begin, using the generalized linear regression capabilities available for real-time geoprocessing in the ArcGIS platform, which could be integrated into the existing digital leasing onboarding workflow. The team used the General Linear Regression (GLR) tool in Esri ArcGIS Professional to generate predictions and a model output, using the price per acre as the dependent variable and the three Boolean outputs – distance to urban areas, distance to wetlands, and land cover standard deviation – as explanatory variables used to predict a price per acre for each new 2020 lease activated in the platform. The Esri GLR tool was used because it provided a capability that could take advantage of the geospatial characteristics of the data, could be applied to the GIS data being used by the project, and could be deployed in the Outdoor Access website, which also used standard Esri tools. Like other regression tools, the GLR tool evaluates the relationship between two or more attributes in a dataset by creating a model of the variable or process being predicted that can be used to quantify relationships among features.
With no prior years of long-term leases available, the accuracy of pricing prediction within the linear regression tool would have to be established using predictive statistics from the three “pricing power” attributes developed for each lease, as opposed to real world data. These attributes were used as independent variables in the GLR, with the price per acre for each listing used as the dependent variable. The Poisson Regression model type available in the Esri GLR tool was chosen, as it is best applied for modeling events where the outcomes are counts or rates with a relatively even distribution. This is the case in this study, where the predicted outcome is the lease rate over a year long period.  Therefore, the lease data for 2020, along with the “pricing power” attributes were applied to the GLR model with Appendix A, Summary of General Linear Regression Results, providing details on the statistical results from the model. The team examined these results and concluded that the dependent variables were significant predictive contributors to the annual lease revenue for each listing in 2020.
One way to understand the significance of the regression model is to consider the probability values for each of the variables. Typically, a probability value of less than 0.01 indicates the variable the relationship between the dependent and independent variables is statistically significant. In the GLR model developed for this project, as described in the Appendix A, the highest probability value was 0.005, for land cover standard deviation, which suggested the relationship between these variables could be applied to the larger population of leasing data available in the real world.
Another way to determine the significance of the model was to calculate the standardized residuals, which reflect the difference between an observed and predicted value in the model, identifying the number of outliers in the model:
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Figure 3 | Distribution of Standardized Residual for 2020 Lease Data Linear Regression Model
The distribution of expected frequencies for most of the data in the 2020 model were between -1 and 1, which was well within expected tolerance of -3 and 3 for the distribution of source data. Furthermore, when the standardized residual for the 76 leases from 2020 were overlayed on a map and charted with the lease price distribution, it showed a relatively consistent dataset for predicting future pricing:
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Figure 4 | Distribution of Standardized Residual with Predicted Lease Pricing
[image: Text

Description automatically generated][image: Map

Description automatically generated] 
Figure 5 | Distribution of Standardized Residual Across Listing Locations
This analysis provided preliminary validation that the linear regression model would assign new prices within a normal distribution, when applied to lease data in 2021.
Starting on January 1st, 2021, with baseline 2020 data established and a toolset for predicting the price of new leases in place, the linear regression capability was run on the Outdoor Access web server each time a lease was created in the platform. The results, which produced a total lease price and price per acre, were made available to the landowner team in real-time when they created the lease and were stored in the system as the “Source Price” for the lease. This source price was shared with the landowner as part of the marketing process, as part of direct mail pieces customized for their land and as an online tool that guided them through the process of listing their land in Outdoor Access. With a base price now available, the Outdoor Access team member working with the landowner could then adjust the lease price lower or higher, based on other market conditions or the needs of the landowner. In almost all cases, any adjustments made by the landowner to the base price would be to a higher lease price, as they would not typically push back and suggest a lower price once the system has made a recommendation. The source price of the listing would remain for analysis at the end of the season, allowing for a comparison between the predicted lease price and actual lease price. 
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Figure 6 | Example of Automated Lease Pricing Calculator 
Once a lease price was finalized and a leasing agreement signed with the landowner, the lease was made available and marketed to Outdoor Access members. Marketing included automated emails and social media posts promoting the lease, including its price, to Outdoor Access members within a 60-mile radius of the listing. When the member displayed the listing on their computer or mobile phone, the seasonal lease information was shown, giving them the ability to instantly lease the property or to indicate their willingness to pay another price:
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Figure 7 | Example Outdoor Access Lease Pricing Widget with option to “Make an Offer” 
For members making a different offer on a lease, this almost always resulted in a requested lease rate that was lower than the one listed, as a member would still purchase the lease at the existing price, even if they thought it was worth more. In this way, when a purchased lease price is higher than the one created by the linear regression tool, it was because the landowner requested a price change and, when a purchased lease price is lower than the one created by the linear regression tool, it was because the member made an offer for a lower price. The way prices are established and cleared through the sale of leases in the Outdoor Access platform indicates an efficient market where transactions are cleared based on a willingness to pay, with maximized utility for both buyer and seller.
	Several assumptions were made about the data used in this analysis. First, the team assumed the lease price would remain relatively stable between 2020 and 2021. While the recreational leasing market does not typically see big fluctuations in pricing between years, the global pandemic may have had an impact, as the demand for outdoor recreation increased dramatically over previous years (BEA, 2021). Second, the analysis tract characteristics were the same between North Carolina and Virginia and the comparison years.  Finally, the publicly available datasets used for pricing power to establish a strong correlation between the variable and the listing were not tested for their sensitivity beyond a basic distribution summary and may have led to stronger or weaker correlation with pricing, depending on changes in each dataset. 
	There were also four limitations in the data used for this project which should be noted. First, the dataset for both years, 2020 and 2021, were relatively small, as Outdoor Access is a new startup and short-term leases were filtered out of the data, leaving only long-term listings. As a result, it is expected that pricing predictions from the linear regression tool will become more accurate as the lease dataset increases in size. Second, no information was stored in the lease database as to why the landowner team changed a lease price in the system in 2021, so there was no way to assign reason codes to changes in lease prices from the predicted price. This mean that the reasons for deviations due to buyer and seller pricing demands were not tracked in the database, making it difficult to determine the causes for these changes and if these deviations could be correlated back to the predictive model in some way. To address this, the company’s engineering team plans to deploy a dropdown list of “leasing price change” choices to allow for coding because the price of the lease might have been changed prior to finalizing the lease. Third, when a member offered a lower lease price and the offer was accepted and executed, the system did not include a way to store information as to why the new offer price was accepted. In the future, the customer success team plans to include a dropdown list of choices for why the member offered a lower price and why it was accepted, allowing for associated coded values with the leasing price change. Finally, limitations in the design and logging of the linear regression tool made it difficult to understand which variable (e.g., proximity to urban areas) might have played a role in the pricing for each individual lease. In future efforts, the team intends to run additional analysis to determine the sensitivity of each assumption in the linear regression model, allowing for weights to be placed on variables to smooth out model sensitivity in future versions. 
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In 2021, an additional 143 leases were sold that met the baseline characteristic criteria for this study: long-term in duration, focused on whitetail deer and wild turkey hunting with no restrictions on firearms, and located in North Carolina or Virginia. While existing short-term listings remained in place in 2021, the growth in listings over the course of the year was due to a concerted effort by the Outdoor Access team to transition from focusing on growth in short-term leases to long-term leases, as the longer duration delivers several benefits, including fewer sales cycles, more certainty on revenue collection, and stronger retention from both supply and demand. While the number of leases participating in the study that were sold in 2021 nearly doubled, the mean size of the listing and mean actual revenue of the listing, as compared with 2020, did not change as dramatically:
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Figure 8 | Comparison of Lease Data between 2020 and 2021
At the beginning of 2021, the Outdoor Access platform assigned a predicted revenue per acre when a lease was created, based on the number of acres, proximity to urban areas, proximity to hydrology, and the diversity of land cover on the property.  The distribution of predicted revenue is shown as a tight band of values, with most of the 143 leases sold in 2021 predicted to be between $24 and $34 an acre, with a mean predicted revenue of $26.93:
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Figure 9 | Distribution of Predicted Revenue for 2021 Lease with the Linear Regression Tool
Displayed on a map of the study area, the predicted lease revenue for each of the 2021 leases appears to be evenly distributed, with lease revenue bands showing some preference for urban areas but with a variety of listings falling into each lease revenue category: 
[image: Chart

Description automatically generated with medium confidence][image: Map

Description automatically generated]
Figure 10 | Map of Predicted Revenue / Acre for 2021 leases
As planned, predicted revenue values were assigned to the lease price upon creation but could be overridden by the Outdoor Access team in the form of an increase when negotiating with the landowner or in the form of a decrease when negotiating with the member. Team members were encouraged to discuss pricing with both sides of the marketplace using the predicted price as a starting point for the discussion while leaving open the opportunity to adjust the price to meet the demands of the market. 
Within the cohort of 143 leases sold in 2021, nearly 90% of lease prices were overridden by the landowner team with the actual mean delta of more than 50% of the predicted lease value. In addition, the actual revenue from leases in 2021 had a much wider distribution than the predicted revenue, at the low end and high end of the lease price distribution:
[image: Chart, histogram

Description automatically generated]
Figure 11 | Distribution of Actual Revenue for 2021 Leases
This higher variability is evidence that other variables than the ones being tested were more significant drivers of lease price. The mean delta between the predicted revenue for each lease was significant, as was the mean delta in revenue as a percentage of total revenue for the lease:
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Figure 12 | Comparison of Predicted and Actual Lease Revenue
Displayed on a map of the study area, the actual lease revenue for each of the 2021 leases appears to be unevenly distributed, with many of the listings realizing revenue less than $15 an acre or more than $30 an acre, over the course of the year: 
[image: Chart

Description automatically generated with medium confidence][image: Map

Description automatically generated]
Figure 13 | Map of Actual Revenue / Acre for 2021 Leases
[bookmark: _Toc99453514]Discussion

Despite the statistical significance of the “pricing driver” variables developed for the linear regression model (see Appendix A), predictive capability for 2021 leases was low in the Outdoor Access platform. The actual lease revenue for 2021 leases in the study area, compared with the predicted revenue for 2020, demonstrate the difficulties associated with pricing in the hunting lease market. While more study of these results is necessary, this section will explore four initial hypotheses for why the prediction model failed and how each hypothesis relates to previous research on factors influencing hunting lease pricing. This discussion will also consider whether the predictive capability has a role to play in the pricing of future Outdoor Access leases.
One explanation for the deficiency in the predictive model deployed in this study is the quality and quantity of data used for analysis. As noted in previous sections, the source dataset for both 2020 and new leases in 2021 were relatively small, which meant outlier variability could have made the model more predictive. While the 2020 model showed narrow bands of standard deviation, the 2021 dataset was more variable in actual lease prices which could have impacted the predictive capabilities of the model. Moreover, the publicly available data used as a proxy for the variables identified as correlative with lease pricing (e.g., distance to an urban area as a proxy for intrinsic demand) may not have been accurate or detailed enough to establish a correlation to the source variable.
For most hunting leases, the potential lessee is keen to visit or “scout” the property ahead of finalizing a lease, to better understand the property characteristics. In 2020, the Outdoor Access platform did not support member scouting prior to purchasing a lease, as the company’s landowner liability insurance did not extend to these visits. By 2021, the company negotiated a change its liability policy to include coverage during scouting visits and, with that change, members could scout a property for a small fee prior to purchasing a lease. While quantification of the 2021 data is still in progress, anecdotal evidence on several of the listings with lower lease rates indicates that members scouted the property and came back to the negotiating table with data supporting a lower lease rate, often in the form of issues around access to the property that were not communicated by the landowner. This may have had a significant impact on certain leases where the member had invested enough time and energy to want to purchase the lease but at a significantly lower rate than what was predicted by the linear regression model.
It may also be the case that each property has many intrinsic value characteristics undiscernible from the data that impacted lease pricing. One example is hunting infrastructure set in place by the landowner, specifically hunting stands and blinds, which could positively impact the lease price. While quantification of the 2021 data is still in progress, anecdotal evidence on several of the listings with higher lease rates indicates they had hunting stands or blinds in place which the Outdoor Access team used as a signal to override the predicted lease price prior to making it available in the platform. This information is often captured in the notes on a property when the Outdoor Access team makes the lease available but is not currently stored in the Outdoor Access database as a consistent listing attribute.
A final hypothesis for why the model failed is the predicted price that was created for each lease established a starting point for negotiations with both landowners and members, and with the option for both sides to negotiate, there were strong incentives for the price to change once the lease was in the market. Indeed, discussions with the Outdoor Access team offers preliminary confirmation of this, as they made it clear they rarely expected for the predicted price to be final, as options existing for both the landowner and member to negotiate a different price, and they clearly communicated this optionality to both parties when in negotiations. What may have exacerbated this is that, particularly for landowners, the Outdoor Access team also shared that the pricing was predicted by our model and might be subject to different conditions on the ground, which may have left a large opening for larger shifts in the final price than what was anticipate by the model. 
Related to the role the predictive pricing played in negotiations, when reviewing the results with the Outdoor Access team and discussing next steps, they unanimously supported keeping the predictive capability in place. Despites its poor performance in predicting the final lease price, it served as a benchmark for discussing the price with both the seller and buyer. Having an automated price provided everyone – landowners, members, and Outdoor Access – with what was perceived as a disinterested assessment of the listing that was previously missing from the leasing process. Whether or not this assessment was accurate was beside the point, as what mattered most was setting a starting point for negotiations that did not appear to favor any of the stakeholders. By setting criteria that were objective, even if they were incorrect, all the parties were able to agree on the factors that are relevant for the negotiation and make an argument for why a lower or higher lease price from the predicted one represented fair market value for the lease (Fisher, 2003). While more research is needed to confirm this hypothesis, when discussing the criteria with both landowners and members, the Outdoor Access team believed it was able to establish factual criteria for what drives the quality of a lease and could therefore give both supply and demand an opportunity to bring additional information to the negotiation. The Outdoor Access team perceived the predicted leases price, while inaccurate, led to a higher close rate and better customer success in 2021. As a result, the tool helped make Outdoor Access more efficient as a marketplace by building trust between the company, landowner, and outdoor enthusiast.


[bookmark: _Toc99453515]Conclusion

In a thin market like recreational hunting leases, with a small number of buyers and sellers, price volatility is expected (Dilmé, 2018). This project was an attempt to manage this natural volatility through predictive price modeling, providing both supply and demand with an objective, data driven approach to lease pricing. While there are many factors that may have contributed to the project model’s low predictive ability, the Outdoor Access team believed the hunting lease market has so little confidence in pricing that it still responded positively to a predicted price, even if it was inaccurate. Therefore, while the model itself could not predict lease pricing with accuracy, it may have still helped accomplish the strategic goal for Outdoor access: to establish a standard of fair market value on recreational hunting leases. Despite the performance of the model, there continues to be value in deploying and refining such a model in the Outdoor Access platform, with four areas this project has highlighted for future enhancement.
First, the predictive capability should take advantage of future increases in the size of the leasing dataset, to include additional years of data, more leases, and a broader geographic reach. Additional data may increase the accuracy of the model and will uncover new insights into the myriad of factors contributing to hunting lease pricing. This would reflect a gradual shift from a thin market to a thicker market, as information increases certainty on the price, and reduces transaction volatility and variability.
Second, Outdoor Access should grow the number of variables used in the model and seek out new publicly available datasets, particularly in remote sensing dataset, to better understand the unique factors that impact the value of leasing properties. Of particular interest will be more current land cover data that leverages more frequent imagery availability, higher resolution data, and enhancements in feature extraction machine learning tools applied to raw imagery. While it will be some time before remote sensing data can fully replace information gathered in the field, the revolution in sensor technology will accelerate the company’s ability to seek out geospatial data that can serve as a proxy for the key variables impacting hunting lease value.
Third, the company should look for ways to efficiently leverage field insights from members and staff, particularly those available prior to a lease sale, to capture on-the-ground data related to access, habitat, and any concerns related to utilization on adjacent properties. It will be important to provide individuals in the field with data collection tools that standardize their findings and include them as factors in future modeling efforts. By storing field data in the Outdoor Access platform, the model can adjust itself to reflect dynamic conditions observed in the real world.
Finally, Outdoor Access should look for ways to gather data from other landowners, outside of Outdoor Access, on the land and the leasing rates they have seen in the past. This could be achieved by partnering with other entities, in adjacent markets like real estate, that gather this data. This could accelerate the size of the dataset used by the model so that it includes leasing data outside the Outdoor Access platform, which would complement the efforts to grow the dataset.
If there is one lesson from the project as it relates to digital marketplaces like Outdoor Access, it is potential power of predictive analytics to help establish pricing, even if the initial efforts do not produce accurate results. When a startup like Outdoor Access enters a market, the most important role for a predicted price may be to start a conversation with the stakeholders in a leasing transaction. By establishing a baseline price and continuing to improve its accuracy over time, firms like Outdoor Access can grow trust in their communities, provide liquidity to their suppliers, and deliver high quality experiences for their customers.


[bookmark: _Toc99453516]Appendix A: Summary of Generalized Linear Regression (GLR) Results

Summary of GLR Results
Model Type: Poisson (Count / Rate)
	Variable
	Coefficient
	StdError
	z-Statistic
	Probability
	VIF

	Intercept
	3.995093
	0.109244
	36.570344
	0.000000
	--------

	Distance to Urban 
	-0.000012
	0.000002
	-7.283724
	0.000000
	1.014158

	Distance to Wetlands
	-0.000574
	0.000166
	-3.464591
	0.000531
	1.047767

	Listing Size 
	-0.004206
	0.000627
	-6.709337
	0.000000
	1.093625

	Land Cover Std Dev
	-0.012225
	0.004449
	-2.747883
	0.005998
	1.098330



GLR Diagnostics
	

	Input Features
	2020 Leases
	Dependent Variable
	Rev Per Acre

	Number of Observations
	76
	Akaike's Information Criterion
	1476.000000

	Average Count
	24.263158
	% Deviance Explained
	0.130745

	Joint Wald Statistic
	166.238405
	Prob(>chi-squared)
	0.000000




Notes on Interpretation
· Coefficient: Represents the strength and type of relationship between each explanatory variable and the dependent variable.
· Probability: Indicates a coefficient is statistically significant (p < 0.01)
· Variance Inflation Factor (VIF): Large Variance Inflation Factor (VIF) values (> 7.5) indicate redundancy among explanatory variables.
· Akaike's Information Criterion: Measures of model fit/performance.
· % Deviance Explained: The proportion of dependent variable variance accounted for by the explanatory variable.
· Wald Statistic: Indicates overall model significance (p < 0.01).
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Statistic Amount
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Mean 2020 Actual Revenue $ / Acre $24.25

Mean 2021 Actual Revenue $ / Acre
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