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Chapter 1. Introduction

Purpose and Scope

This technical appendix documents the analytical methods used to estimate certain market-based
economic contributions and non-market benefits of outdoor recreation in Nevada and the Lake
Tahoe Basin for calendar year 2023. The procedures detailed in this document provide the
technical foundation for the public-facing report, The Economic Impact of Outdoor Recreation in
Nevada. That report finds outdoor recreation generates $13.7 billion in total economic output and
supports 75,223 jobs annually across the study area.

The study is defined by the following geographic, sectoral, and temporal boundaries:

e Geographic Scope: The analysis encompasses the State of Nevada and the California
portion of the Lake Tahoe Basin. The bi-state inclusion of the Tahoe Basin is necessary to
capture the integrated nature of its recreational economy.

e Sectoral Scope: The study includes approximately 1,500 designated public and private
outdoor recreation sites.

e Temporal Scope: Data inputs for visitation, spending, and economic modeling correspond
to the 2023 calendar year (January 1 to December 31, 2023). This period was selected to
allow for direct comparison with the most recently released Bureau of Economic Analysis
(BEA) data available when the study began. The 2023 results now serve as the baseline for
this study. Future updates can build on this baseline and will require less time once new
BEA data is released.

Methodological Framework

The analysis follows a sequential, multi-stage framework that translates recreation activity into
quantified economic and social values. Each step builds upon the previous one, beginning with the
processing of raw data and culminating in economic modeling and non-market valuation.

The core analytical sequence is as follows:

1. Data Acquisition and Inventory Compilation: Primary datasets were acquired and
cataloged, and a standardized GIS inventory of recreation sites was compiled. Key inputs
included a large-scale mobile location dataset (~80 billion records), various GIS boundary
files, observed visitation data, visitor spending surveys, and regional economic data.

2. Mobile Location Data Processing: Raw, anonymized mobile location records were passed
through a multi-stage filtering and processing pipeline. This included a GPU-accelerated
spatial analysis to tag location signals to specific recreation sites and subsequent steps to
define qualified recreation visits.

3. Visitation Model Development: A machine learning model, trained on observed visitation
counts from land management agencies, was used to estimate total annual visits for the
~1,500 sites in the inventory. The cleaned visit data from the previous step served as a
primary input to this model.

4. Spending Profile Construction: Per-person, per-day spending profiles were developed for
several major commodity groups based on visitor origin (local/non-local) and the land
management context of the visit.



5. Spatial Allocation of Spending: Total visitor spending was spatially distributed based on
the observed travel patterns of visitors within developed commercial areas, creating a
weighted surface of likely expenditure locations.

6. Economic and Non-Market Valuation: Geographically allocated spending was translated
into economic contributions using input-output models. In parallel, non-market benefits
such as consumer surplus and avoided healthcare costs were estimated using established
valuation frameworks.

Document Organization

This appendix provides an operational account of the methodology summarized above. The
document is organized into the following chapters:

e Chapter 2. Data Inputs and Inventory: Provides a catalog of the primary datasets used in
the analysis and describes the compilation of the GIS recreation lands inventory.

e Chapter 3. Mobile Location Data Processing: Details the data pipeline used to transform
raw mobile location records into an analysis-ready dataset of qualified recreation visits.

e Chapter4. Visitation Model Development: Explains the specification, training, and
validation of the machine learning model used to estimate total site visitation.

e Chapter5. Economic Contribution Analysis: Documents the construction of visitor
spending profiles, the spatial allocation of spending, and the configuration of the economic
input-output models.

e Chapter 6. Non-Market Benefit Valuation: Explains the frameworks and calculations used
to quantify consumer surplus and health-related benefits.

e Chapter7. Limitations and Future Improvements: Discusses inherent limitations of the
analysis and identifies opportunities for future research and methodological enhancement.



Chapter 2. Data Inputs and Inventory

This chapter catalogs the origin, structure, and specifications of the primary datasets used in the
analysis. The purpose is to document the inputs gathered prior to the primary data processing,
modeling, and valuation steps detailed in subsequent chapters. It also describes the process used
to compile the foundational GIS inventory of recreation lands.

Mobile Location Dataset

While this dataset was a primary input for visitation estimation, it was integrated with a model that
also accounted for observed visitation data and contextual variables like weather and air quality.
The foundation of the analysis was a panel of anonymized mobile location data provided by Azira, a
reputable third-party data vendor. The dataset was licensed for internal analysis and the
publication of aggregated statistics.

Panel and Scope: The dataset contained approximately 80.3 billion raw location records
("pings") within the study area for the full 2023 calendar year. A ping represents a single,
anonymized location data point recorded from a mobile device at a specific pointin time.
Data Structure: Data were delivered as daily compressed tab-separated value (TSV) files.
The schema for each raw record included a unique device identifier hash, a timestamp
(GMT), geographic coordinates (lat, lon), and the device’s calculated Common Evening
Location (CEL) and Common Daytime Location (CDL) at the Census Block level. The CEL
and CDL are based on arolling average of where a device is most frequently observed
during nighttime and daytime hours, respectively.

Geographic Information Systems (GIS) Datasets

Multiple GIS datasets were acquired to define recreation site polygons, supporting infrastructure,
and relevant jurisdictional boundaries.

Recreation Area Boundaries: The primary source for defining recreation land polygons
was the Protected Areas Database of the U.S. (PAD-US), Version 3.0. This was
supplemented with polygon datasets from the Nevada Division of Outdoor Recreation
(NDOR), a statewide fishable waters dataset, and a Nevada lakes dataset to identify and
include water-based recreation sites.

Jurisdictional Boundaries: A suite of polygon layers from state and federal sources was
used to attribute activity to the correct administrative and analytical regions, including
counties, state legislative districts, congressional districts, and Nevada tourism regions.

Visitor and Equipment Expenditure Data

Data on visitor spending were compiled from both primary and secondary sources.

Primary Survey Data: The 2024 Nevada Outdoor Recreation Survey was commissioned for
this study to collect detailed expenditure data from a panel of 1,089 Nevada residents and
non-residents.

Secondary Source Data: Primary survey data were supplemented with figures from
existing reports and federal studies, including National Park Service Visitor Spending
Effects (VSE) reports, U.S. Forest Service National Visitor Use Monitoring (NVUM) results,



and the U.S. Fish and Wildlife Service’s National Survey of Fishing, Hunting, and Wildlife-
Associated Recreation.

Economic and Valuation Parameters

The analysis required several standardized economic parameters for contribution modeling and
non-market valuation. All monetary values are presented in 2023 dollars.

Input-Output Model Data: Economic models for the 17 Nevada counties were constructed
using IMPLAN 2023 U.S. Data. For the two California counties within the study boundary,
multipliers were developed using RIMS Il (Regional Input-Output Modeling System) data
from the U.S. Bureau of Economic Analysis.

Price Indices: Inflation adjustments were based on the Consumer Price Index for All Urban
Consumers (CPI-U), sourced from the U.S. Bureau of Labor Statistics (BLS).

Valuation Parameters: The travel cost model utilized the 2023 IRS Standard Mileage Rate
($0.655 per mile). The opportunity cost of travel time was based on the Nevada statewide
mean hourly wage from the BLS Occupational Employment and Wage Statistics.
Consistent with standard economic practice, this time was valued at approximately 64% of
the mean hourly wage to reflect the value of forgone leisure time, valued at $18.55 per hour.

GIS Recreation Lands Inventory Compilation

A standardized spatial inventory of recreation sites was compiled and refined through a multi-step
process to serve as the geographic basis for visit detection.

Source Compilation and Filtering: The initial inventory was compiled from the PAD-US,
NDOR, fishable waters, and lakes GIS datasets. Polygons were filtered to retain only those
with attributes indicating a recreation-oriented designation and open public access.
Geometric Harmonization: To ensure spatial consistency, all source layers were projected
to a common coordinate reference system (NAD 1983/ UTM Zone 11N). Overlapping
polygons resulting from the compilation of multiple sources were resolved using a
hierarchical process that prioritized agency-specific boundary files over more generalized
datasets.

Boundary Refinement: For the mobile location analysis, the boundaries of the harmonized
polygons were refined to minimize the potential for misattributing transient traffic as
recreation visits. This was a two-stage process:

o Road Corridor Removal: Using a road network dataset from the Nevada
Department of Transportation, a 100-foot buffer was created on each side of road
centerlines. This corridor was then erased from the recreation land polygons.

o Inward Buffering: The resulting polygon boundaries were then buffered inwards by
an additional 50 feet. This two-step refinement created a conservative final
boundary for each site, reducing the likelihood that location signals from vehicles
traveling on adjacent roads would be incorrectly counted as visits.

Final Inventory: The final GIS dataset contained 1,506 unique recreation site polygons. This
layer served as the definitive spatial inventory for the point-in-polygon analysis described in
the following chapter. The inventory is considered robust for this analysis but contains
known exclusions, notably most commercial or privately-owned recreation facilities for
which authoritative boundary data were not available, and public lands that are not
specifically designated as recreation lands, but which may contain recreational use.



Chapter 3. Mobile Location Data Processing

This study utilized a large panel of anonymized mobile location data as a primary input for
understanding the visitation patterns and characteristics of outdoor recreationists. To prepare this
raw data for analysis, it was first refined using a proprietary, multi-stage data processing ETL
(Extract, Transform, Load) pipeline. This pipeline was designed to transform the initial dataset of
approximately 80.3 billion raw records into a final, analysis-ready dataset of qualified recreation
pings and their associated visits. The procedures described below were systematically applied to
identify activity consistent with intentional recreation use while excluding patterns of movement
unlikely to be related to a recreation visit.

Initial Data Staging and Ping-Level Filtering

The raw mobile location data for calendar year 2023 were first staged in a Google BigQuery cloud
database environment. In this initial phase, a series of filters were applied at the individual ping
level to refine the dataset and remove low-quality or irrelevant records. To maximize computational
efficiency, these filtering steps were performed prior to the more spatially intensive processing
stages.

The primary filtering rules included:

e Data Quality Filters: Records were first deduplicated to ensure each observation was
unique. To help establish a baseline of observable behavior, devices that generated only a
single location ping within the study area on a given day were removed. Pings with low GPS
accuracy were also excluded to ensure that location points were precise enough for
reliable spatial analysis.

e Behavioral Filters: A series of rules were applied to remove signals associated with non-
recreational activity. A speed filter was used to discard sequential pings from a single
device that implied something other than ground-based travel, such as by aircraft.
Additionally, pings located within close proximity to a device’s calculated Common Evening
Location (CEL) or Common Daytime Location (CDL) were excluded to help eliminate
stationary signals originating from a device’s presumed home or primary workplace.

The application of this filtering cascade substantially refined the dataset, resulting in a smaller,
higher-quality set of location records prepared for the next stage of analysis.

Spatial Join with Recreation Inventory

Following the initial filtering, a computationally intensive spatial join was performed to associate
the filtered location pings with the recreation sites. Because this is a spatially expensive step, it
was intentionally performed after the initial filtering had reduced the dataset size as much as
possible.

In this step, each remaining location ping was spatially compared against the 1,506-polygon GIS
recreation inventory developed in Chapter 2. To accomplish this large-scale spatial joinina
feasible timeframe, the recreation polygons were first spatially indexed using a quadtree structure,



which significantly accelerates the process of identifying candidate polygons for any given point.
The process was then executed using high-performance, GPU-accelerated computing. The result
was a dataset in which every ping falling within a recreation site boundary was "tagged" with that
site's unique identifier.

Visit Definition and Aggregation

With location pings tagged to specific recreation sites, the data were then aggregated to identify
and define discrete recreation visits. A "visit" was defined as a sequence of tagged pings from a
single device, within a single recreation site, on a single day that met a series of qualifying criteria.

These criteria included:

e Minimum Dwell Time: The duration between the first and last ping from a device within a
site polygon had to meet a minimum threshold of 25 minutes. This was applied to help
distinguish purposeful recreational visits from brief, incidental stops.

e Plausible Trip Speed: The average implied speed of travel between all pings associated
with the potential visit could not exceed 30 mph. This filter allows for individual movements
to exceed 30 mph (e.g., for mountain biking or snow sports) but prevents the overall activity
from being classified as pass-through vehicle traffic.

Visitor Segmentation

As a final step in the data processing pipeline, each validated visit was classified by visitor origin.
The associated device was categorized as either "local" or "non-local" to the specific recreation
site visited. This segmentation was based on the straight-line distance between the device’s
Common Evening Location (CEL) and the boundary of the recreation site:

e LocalVisitor: A visitor whose CEL was located within 35 miles of the recreation site.
e Non-local Visitor: A visitor whose CEL was located more than 35 miles from the recreation
site.

This binary classification was appended to each visit record, creating the final, analysis-ready
output from the processing pipeline. This dataset served as a foundational input for the visitation
modeling detailed in the next chapter.



Chapter 4. Visitation Model Development

This chapter details the development of the machine learning model used to produce foundational
visitation estimates for the approximately 1,500 recreation sites in the study inventory. A model
was necessary because many sites, particularly dispersed public lands and local parks, do not
have on-site counters. This lack of direct measurement makes model training and validation
challenging but essential for creating a statewide visitation estimate.

The model was designed to learn the relationship between the sample of observed mobile device
activity, known visitation counts from agency partners, and a set of site-specific characteristics.
The estimates were produced at a site-month level of granularity (e.g., visits to Site Xin January
2023). Itis important to note that confidence in these estimates improves with the size of the time
period and/or size of the geographic area covered; it is lowest at the granular site-month level and
increases as the data are aggregated to the annual site, county, or statewide totals.

Ground-Truth Training Dataset

The model was trained using a "ground-truth" dataset of official monthly visitation records for
calendar year 2023. This dataset was compiled from records provided by managing agencies for all
sites where such data were available. It included visitation data for National Parks, Nevada State
Parks, and various sites managed by the U.S. Forest Service, Bureau of Land Management, U.S.
Fish and Wildlife Service, and several local park systems. These agency-provided counts served as
the target variable that the model was trained to predict.

Predictor Variable Construction

A set of predictor variables (features) was assembled for every site-month to explain variation in
visitation. The mobile device counts derived from the data processing pipeline (Chapter 4) were
found to be a very strong predictor of actual visitation.

Other predictor categories included:

e Physical Site Characteristics: Attributes such as the total area of the site polygon and the
presence of water access.

e Environmental Conditions: Monthly weather data, including average temperature and
total precipitation, as well as air quality metrics.

e Engineered Features: To improve performance, several features were engineered,
including a visit density metric (mobile device-days per unit area) and interaction terms
(e.g., between cell phone coverage and device counts). Following a formal feature selection
process, the most impactful predictors were retained for the final model.

Model Specification and Training

After benchmarking several predictive methods, an ensemble model was chosen for its
performance. The final model is a weighted average of three tree-based models, with the weighting



determined experimentally to optimize accuracy: XGBoost (70%), Random Forest (15%), and
Gradient Boosting (15%).

The ground-truth dataset was split into a training set (80%) and a hold-out validation set (20%),
stratified by visitation quintiles to ensure both sets were representative of diverse visitation
patterns. The primary model component, XGBoost, was configured using key hyperparameters that
control the model’s learning process. The final configuration included 300 estimators, meaning the
model constructed 300 sequential decision trees, with each tree refining the errors of the previous
one. A learning rate of 0.05 was applied to moderate the influence of each tree, improving overall
stability and accuracy. The maximum tree depth was set to seven decision levels, limiting model
complexity and reducing the potential for overfitting to the training dataset.

The model's stability was tested using five-fold cross-validation, a process where the model is
repeatedly trained and validated on different subsets of the data to ensure its performance is not
random. The final ensemble model achieved a cross-validated R-squared (R?) value of 0.84, which
means the model explains 84% of the variation in the observed visitation data. The model also
achieved a Mean Absolute Percentage Error (MAPE) of 18.4%, indicating that, on average, its
predictions were within 18.4% of the actual visitation counts in the validation dataset.

Post-Model Calibration

As a final step, a calibration adjustment was performed. For site-months where agency ground-
truth data existed, the model's predictions were overridden to match the agency-reported totals
exactly. For all other sites, the model's estimates were used. This process ensures the final
visitation dataset is consistent with authoritative agency reporting while leveraging the model's
predictive power for all other locations.



Chapter 5. Economic Contribution Analysis

This chapter details the methods used to translate the visitation estimates developed in Chapter 4
into quantified economic contributions. In this report, the term “economic contributions” refers to
all economic activity supported by both local and non-local visitor spending. In many public and
policy discussions, this type of analysis is often described broadly as measuring the “economic
impact” of outdoor recreation. For clarity, we use the more technically accurate term “economic
contributions,” which captures the total level of spending activity supported by recreation, while
“economic impact” is sometimes defined more narrowly to refer only to new money entering the
economy.

The process involved three main stages: (1) the construction of per-person spending profiles for
trip-related expenditures, (2) the spatial allocation of that spending to specific geographic areas,
and (3) the estimation and modeling of resident spending on durable recreation equipment.

Trip-Related Spending Profile Construction

This section documents the methodology used to develop the visitor spending profiles that link
visitation estimates to direct, trip-related economic expenditures. To quantify this activity, a hybrid
approach was used, combining data from established federal and state agency reports with a
custom primary survey designed to fill known data gaps.

Data Sources

Spending profiles were derived from two types of sources: secondary reports and primary data
collection.

Secondary Data Sources: Existing reports from managing agencies provided the foundation for
spending profiles where available. Key sources included:

e National Park Service (NPS)Visitor Spending Effects (VSE) reports.

e Spending profiles for U.S. Forest Service (USFS) visitors, adapted from White (2017).

e The 2022 Economic Impact of Nevada State Parks report.

e The 2022 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation.

e Cross-validation sources, including reports on recreation on Bureau of Land Management
(BLM) lands from Pew (2018).

Primary Data Collection: To supplement existing data and develop spending profiles for land
types where literature was sparse, a primary data collection effort—the 2024 Nevada Outdoor
Recreation Survey—was commissioned. The survey was designed to gather detailed information on
visitor activity, trip characteristics, and expenditures, with a primary focus on developing spending
profiles for lands managed by the Bureau of Land Management (BLM), the U.S. Fish and Wildlife
Service (USFWS), and local parks.



Survey Administration and Sample
Respondents were recruited through an online panel. Screening questions were used to identify a

final sample of 1,089 respondents who had participated in outdoor recreation in Nevada within the
past 12 months. The final sample included:

e Full-time Nevada residents (51.8%)
e Part-time Nevada residents (7.7%)
e Non-resident visitors (40.5%)

Data Collection

The survey instrument collected data across several key areas:

e Recreation Participation: Respondents identified which outdoor activities they
participated in and which types of recreation sites they visited over the prior 12 months.

e Trip Characteristics: The survey focused on the respondent’s most recent recreation trip
in Nevada, capturing details on trip duration, party size, and accommodation types.

e Visitor Expenditures: Respondents provided itemized, trip-related spending for their entire
group across categories including lodging, food, and fuel. The survey also captured the
number of people covered by the reported expenses, which enabled the calculation of per-
person spending values.

e Demographics: The survey concluded with standard demographic questions regarding
age, household income, and other characteristics.

The data from this survey were used to construct per-person, per-day spending profiles for the
targeted land management types and to supplement party size and trip length information needed
to standardize the secondary data sources.

Profile Standardization and Assignment

To ensure consistency, data from all sources were standardized. First, all spending was converted
to a single metric: average per-person, per-day expenditure, using party size and trip length data
from the source reports. Second, expenditure categories were mapped to a unified list compatible
with the IMPLAN economic model.

A hierarchical logic was then applied to assign the most appropriate spending profile to each
combination of recreation site and visitor type (local or non-local).

For this analysis, a "local visitor" is defined as an individual whose home location is within a 35-
mile straight-line (Euclidean) distance of the recreation site; this threshold roughly corresponds to
a 50-mile travel distance commonly used in recreation economic studies. The assignment logic
was as follows:

1. Site-Specific Data: Profiles from site-specific studies (e.g., an NPS VSE report for a
specific park) were used first.



2. Agency-Level Data: If site-specific data were unavailable, a generic agency-level profile
was used (e.g., a general USFS profile).

3. Activity-Based Proxy: If neither was available, a profile based on the site’s primary activity
was used (e.g., a hunting spending profile).

4. Default Profile: For all remaining sites, a default profile derived from the primary survey
was assigned.

Spatial Allocation of Visitor Spending

This section details the spatial methodology used to distribute total trip expenditures across the
study area. The model allocates spending based on the observed movement patterns of visitors in
commercial areas where transactions are most likely to occur.

The foundation of the allocation model is the full-day travel path of recreating visitors. For all visitor
device-days identified in prior stages, all location pings generated by the same device on the day of
the visit were extracted. These movement patterns were then aggregated into a standardized 1-
kilometer hexagonal grid. To isolate pings associated with commercial transactions, this grid was
filtered to retain only those cells intersecting developed land use classes from the National Land
Cover Database.

To ensure a representative allocation surface for all sites, including those with lower visitation, a
data augmentation process was applied. A threshold of 20,000 same-day pings was established for
a site's spatial footprint. For any site falling below this threshold, its observed data were
supplemented with a pre-computed, county-specific aggregate movement pattern, scaled to meet
the threshold.

A differentiated allocation logic was applied for local and non-local visitors:

e Non-local Visitors: Trip-related spending was allocated across their entire same-day travel
footprint within developed areas.

e LocalVisitors: Trip-related spending was allocated only to locations within a 35-mile
radius of the recreation site. This assumes that a local visitor's travel beyond this radius is
more likely part of their normal routine and not directly attributable to the recreation trip.

The final weighted hexagonal footprint for each site was then overlaid with GIS layers representing
counties and other jurisdictions to determine the percentage of total trip spending allocated to
eachregion.

Resident Equipment Expenditures

Separate from trip-related spending, the analysis also accounts for annual spending on durable
outdoor recreation equipment by Nevada residents. This spending on items such as clothing, gear,
and vehicles is not tied to a specific visit but represents a significant component of the outdoor
recreation economy.



The estimate for equipment expenditures was derived from the 2024 Nevada Outdoor Recreation
Survey. A survey question asked Nevada resident respondents to report their total spending on
outdoor recreation-related equipment over the past year by selecting from one of nine categorical
spending bins (e.g., "$0", "$1 to $99", "$100 to $499").

A statewide expenditure estimate was developed through a formal extrapolation process:

1. Assigning Representative Values: A representative dollar value was assigned to each
spending bin. A conservative estimate was calculated using the minimum value of each bin
(e.g., $100 for the "$100 to $499" bin).

2. Extrapolation to State Population: The distribution of survey respondents across spending
bins was applied to the total 2023 adult population of Nevada to estimate the number of
residents in each spending segment.

3. Calculating Total Expenditure: The number of residents in each segment was multiplied by
the conservative representative dollar value for that bin.

4. Final Estimate Selection: Summing these values across all segments produced a
conservative statewide estimate of $3.7 billion, which was selected for the economic
contribution analysis.

This statewide spending total was allocated to specific retail and wholesale sectors and distributed
to the 17 Nevada counties based on each county's share of the state's total population.

The allocation of total equipment spending into specific retail and wholesale sectors was informed
by estimates from the Outdoor Industry Association (OIA).

Economic Contribution Modeling

This section details the methodology used to translate direct spending into total economic
contributions, quantifying how initial spending circulates through the state and local economies.
The primary analytical tool was IMPLAN (2023 data), applied using an offline multiplier approach.
Per-dollar multipliers were exported from configured models and applied to the direct spending
data within a Google BigQuery database environment. This approach provided computational
efficiency and flexibility in handling thousands of unique combinations of site, month, visitor type,
and industry in a database-driven workflow.

For each of the 17 Nevada counties, a unique economic model was configured in IMPLAN. Retail
purchases were margined to attribute the wholesale, transportation, and manufacturing portions
of a sale to their respective industries. For each county and industry sector, per-dollar multipliers
representing the total direct, indirect, and induced effects were exported for five key metrics:
Employment, Labor Income, Value Added (GDP), Total Output, and Taxes.

The final economic contributions were calculated via SQL query by joining the geographically
allocated direct spending data with the exported multiplier tables by county and industry code. The
total spending for each category was multiplied by its corresponding per-dollar multiplier to yield
the final contribution values.



Final Data Outputs and Analytical Flexibility

This section documents the structure of the final economic contribution dataset. The modeling
process was designed to produce results at a highly disaggregated level, creating a robust
database that can augment the static report. This granular structure is a key feature of the analysis,
as it allows for flexible filtering and aggregation across multiple geographic, economic, and visitor-
related dimensions. The final outputs can be queried to answer specific policy, management, and
research questions that would not be addressable with pre-aggregated summary tables.

Granular Data Structure

The model's outputis a highly detailed dataset where each entry breaks down an economic
contribution by several key factors: the type of visitor (local or non-local), the specific recreation
site and month, the location where the economic effect was felt, the industry that benefited, and

the type of economic impact.
The dataset is structured with several key dimensions that serve as filters:

e Geographic Dimensions (Input vs. Output): A critical feature of the data is the distinction
between input and output geographies, which allows for a Multi-Regional Input-Output
(MRIO) analysis.

o Input Geography: This identifies the county where direct visitor spending physically
occurs. The location of this initial spending is determined by the spatial distribution
model (the hexagonal pixel analysis).

o Output Geography: This identifies the county where the total economic impacts
(direct, indirect, and induced) are ultimately realized. When the Input Geography is
different from the Output Geography, it signifies a secondary (indirect or induced)
effect. This MRIO framework captures how spending in one county creates
economic ripples in other counties throughout the state's economy.

o OtherJurisdictions: The data is also tagged with additional political and
administrative boundaries, allowing results to be aggregated by Congressional
District, State Assembly District, State Senate District, and tourism region. While
spending is allocated to these precise jurisdictions, the economic multipliers used
to calculate the impacts are based on the underlying county's economic structure.

e Economic Dimensions:

o Type of Impact: This field categorizes the economic effects to show the full ripple
effect:

= Direct Effects: The initial impact from visitor spending in businesses.

= Indirect Effects: Supply chain activity generated as businesses purchase
goods and services.

= |nduced Effects: The re-spending of wages by employees in directly and
indirectly supported jobs.



o Industry: The results are broken down by the specific economic sector, such as
"Restaurants" or "Hotels," that receives the direct spending and subsequent
economic effects.

e Core Economic Metrics: The dataset contains the five key metrics generated by the IMPLAN
model: employment, labor income, value added (GDP), and total output, as well as detailed
breakdowns of tax revenues (federal, state, and county).

Aggregation and Reporting Capabilities
The granular dataset serves as a database from which an extensive range of summary reports can

be generated. By filtering and aggregating along the dimensions described above, interested
parties can isolate specific results.

For example, the data can be queried to answer questions such as:

e What was the total economic contribution realized in White Pine County as a result of
spending by non-local visitors?

e How much state tax revenue was generated from visitor spending that occurred within the
boundaries of State Senate District 167

e Whatis the total direct, indirect, and induced employment supported by spending in the
"Retail" sector across the Reno-Tahoe tourism region?

This flexible structure ensures that the results of this analysis can be adapted to future inquiries
and provides a tool for understanding the nuanced economic contributions of outdoor recreation
across Nevada, particularly in rural areas.



Nonmarket Benefit Valuation

Outdoor recreation provides significant value to society thatis not captured in the market-based
transactions detailed previously. This section documents the methods used to quantify two key
nonmarket benefits that help to provide a more holistic assessment of outdoor recreation's total
value,: consumer surplus (the economic value visitors receive beyond their expenditures) and
health benefits (realized as avoided healthcare costs). While these values do not represent direct
cash flows, they are important components of outdoor recreation's total value and are suitable for
inclusion in benefit-cost analyses, strategic land management planning, and public health
investment cases.

Consumer Surplus Estimation

Consumer surplus is an economic measure of the personal value an individual receives from an
experience over and above what they paid for it. For example, if a person values a day of hiking at a
park as being worth $100 to them in terms of enjoyment and well-being, but they only incurred $30
in travel expenses (fuel and time) to get there, they receive $70 in consumer surplus. This metric
quantifies the often-unseen personal welfare benefits that recreation provides to the public. The
valuation of consumer surplus is usefulin benefit-cost analyses, allowing policymakers to weigh
the total societal value of creating and maintaining recreational opportunities against their public
costs.

Framework

Consumer surplus was estimated using the Travel Cost Method (TCM), a standard economic
framework for valuing recreation. This method uses the generalized travel cost an individual incurs
to visit a site as the price of that recreational trip. By observing how visitation levels change as this
price varies across the sample of visitors, an inverse demand curve can be constructed. From this
curve, the total willingness-to-pay is inferred. Consumer surplus is the net economic benefit a
visitor receives, calculated as the difference between their total willingness-to-pay and their actual
travel costs.

Travel Cost Calculation

The generalized travel cost for each observed recreation visit was calculated based on data from
the mobile location panel. This involved pairing the geographic location of each recreation site with
the calculated Common Evening Location (CEL) of each visitor. The total travel cost for a round trip
was composed of two components:

e Direct Vehicle Costs: The straight-line distance between a visitor's CEL and the recreation
site was converted to estimated road miles using a circuity factor of 1.417. This road
distance was then multiplied by the 2023 IRS standard mileage rate of $0.655 per mile.

e Opportunity Cost of Time: The opportunity cost of travel time is a key component of the
total travel cost. Consistent with standard economic practice, this analysis valued the
opportunity cost of travel time at approximately 64% of the statewide mean hourly wage.
This rate reflects the value of forgone leisure time rather than forgone income.



Inverse Demand Construction and Surplus Calculation

To calculate total consumer surplus, an inverse demand curve was constructed directly from the
observed visitation data, and the surplus was calculated using a trapezoidal integration method.
This process involved several steps:

1. Inverse Demand Schedule: All observed recreation visits were sorted in ascending order
based on their calculated round-trip travel cost (P). This sorted list functions as an inverse
demand schedule, where the cumulative number of visits (Q) at or above a given price level
represents the quantity demanded.

2. Outlier Control: To prevent rare, long-distance trips from disproportionately influencing
the results, a cutoff was applied based on visitor counts. The analysis was limited to the
lowest-cost 90% of visits by total count, excluding the 10% of trips with the highest travel
costs.

3. Surplus Calculation: Consumer surplus was calculated by summing the areas of the
trapezoids formed between each adjacent pair of cost-sorted visits within the 90% cutoff.
The surplus for each segment (CS;) between two adjacent visits on the demand curve was
calculated as:

CSL' =

%* (Pir1 — Py)

The sum of these individual trapezoidal areas yields the total consumer surplus for all included
visits. Finally, the average consumer surplus per visit was calculated by dividing this total surplus
by the number of included visits.

Health Benefit Valuation (Avoided Healthcare Costs)

The physical activity associated with outdoor recreation provides significant public health benefits.
Economists measure this value through the concept of avoided healthcare costs. A more
physically active population generally experiences lower rates of chronic diseases, leading to
reduced medical expenditures for individuals, insurers, and government health programs.
Quantifying these savings demonstrates that investing in parks, trails, and public lands is a form of
preventative healthcare. These values can be used to justify public spending on recreational
infrastructure as a cost-effective public health strategy and to encourage collaboration between
recreation, planning, and health agencies.

Framework

The economic value of health benefits was quantified using a Cost of Inactivity (COI) approach.
This framework estimates the value of physical activity by calculating the associated savings in
medical expenditures that result from a more active populace.

Per-Minute Value of Physical Activity

A per-minute economic value for physical activity was established based on the methodology
detailed in the main public-facing report, which is grounded in peer-reviewed literature. The final
value used for this analysis was $0.1013 per minute (in 2023 U.S. dollars), which represents the
estimated healthcare cost savings associated with each minute of engagement in moderate to
vigorous physical activity.



Activity Volume Estimation

The total volume of health-enhancing physical activity generated by outdoor recreation was
estimated using data from the 2024 Nevada Outdoor Recreation Survey administered by the
University of Nevada, Reno. This was a three-step process:

1. Participation Volume: Survey-reported participation frequencies for a wide range of
outdoor activities were extrapolated to the statewide adult population to estimate the total
number of participation-days for each activity for the year.

2. Activity Duration: The total participation-days for each activity were multiplied by the
average duration (in hours) per outing, with duration figures also sourced from the 2024
survey.

3. Intensity Weighting: To ensure only activity that provides a health benefit was included,
total activity minutes were converted to minutes of moderate-to-vigorous physical activity.
This was achieved using a weighting factor derived from the Metabolic Equivalent of Task
(MET) score for each activity. A weight was assigned based on the MET score:

e 0.0 forlightintensity activities (MET score < 3)
e 0.5 for moderate intensity activities (MET score 3-6)
e 1.0 forvigorous intensity activities (MET score > 6)

Final Calculation

The total estimated annual minutes of moderate-to-vigorous physical activity were multiplied by
the per-minute value of $0.1013 to arrive at the total annual avoided healthcare costs attributable
to outdoor recreation.



Chapter 7. Limitations and Future Improvements

This analysis was designed to serve as a foundational analysis of the economic and non-market
contributions of outdoor recreation in Nevada, providing the most detailed statewide estimate to
date. All large-scale modeling studies, however, have inherent limitations based on data
availability, scope, and modeling assumptions. Acknowledging these limitations allows for the
proper interpretation of the results and for identifying a clear path for future research and
enhancement.

Limitations of the Current Analysis

Mobile Data Representativeness: The visitation analysis, and as such any subsequent analysis
that builds onit, is based on a large but limited sample of mobile device users. While this panel
provides robust behavioral data, it may not perfectly represent every segment of the recreating
population, with potential biases related to visitor makeup, technology adoption, and user privacy
settings. Furthermore, while data fidelity can be lower in remote areas with poor cellular coverage,
location signals are often logged by device applications offline and uploaded later once a
connection is re-established, mitigating some data gaps in backcountry locations.

Scope of Recreation Lands: This study focused on approximately 1,500 designated public and
private recreation sites for which authoritative GIS boundary data were available. A significant
limitation is the exclusion of many other privately-owned commercial recreation facilities and
areas of dispersed recreation on non-designated lands. This was due to the lack of a
comprehensive, statewide inventory of these assets at the time of the analysis.

Temporal Scope: This study provides a detailed snapshot for calendar year 2023. A single year of
data serves as a useful baseline but does not capture long-term trends, year-over-year volatility, or
the potential impacts of abnormal events such as major wildfires, extreme weather patterns, or
broad economic shifts.

Spending Profile Accuracy: The spending profiles, while based on the best available data, are
subject to the limitations of survey-based research. The primary constraint is potential recall bias,
where respondents may not perfectly remember expenditures. As the survey was conducted in the
fall, respondents reporting on seasonal activities like skiing may have been recalling trips taken
many months prior, potentially affecting accuracy.

Economic Model Assumptions: The IMPLAN input-output model is a static, linear representation
of the economy. It does not account for dynamic effects such as changes in prices, supply-chain
substitutions, or potential constraints on local resources (e.g., labor or housing shortages) that
might occur in response to increased economic activity.

Future Improvements and Opportunities

This study provides a solid foundation for ongoing monitoring and analysis. The following
opportunities exist to build upon this work, enhancing its precision, scope, and utility for decision-
makers.

Develop a Dynamic Data Dashboard. While this static report provides a strong benchmark, the
underlying data can support a more dynamic tool. A top suggestion for future work is the
development of a public-facing, interactive data dashboard. Such a tool could provide land



managers, policymakers, and community leaders with the ability to dissect the data outputs
resulting from this study.

Expand the Statewide Recreation Lands Inventory. This analysis was made possible by
foundational GIS data from the Nevada Division of Outdoor Recreation and the Protected Areas
Database of the United States. The significant economic contributions quantified in this report
prove the value of NDOR's ongoing efforts to develop a comprehensive statewide inventory for the
Statewide Comprehensive Outdoor Recreation Plan (SCORP). Continuing to build out this
important asset to include more private commercial facilities and complex linear trail networks will
enable an even more complete accounting of the outdoor recreation economy.

Enhance Methodological Precision. Several opportunities exist to refine the analytical methods.
Future iterations could define trips from the moment a device leaves its home location until it
returns, more precisely isolating trip-related behavior. Additionally, enhancing the spending
allocation model by integrating GIS data on specific business locations would allow planners to
see which local business types are most directly supported by outdoor recreation.

Conduct Longitudinal and Continuous Data Collection. To address the single-year and survey-
based limitations, future work should include a longitudinal analysis to track trends over multiple
years. Furthermore, a shift to a continuous or "in-season" survey program could provide more
timely and accurate spending data by reducing the recall period for participants.

Develop New Management Applications. The data and models from this study can be extended
to new on-the-ground management applications. For example, the mobile location data can be
used to generate metrics of visitor density and use patterns within parks, providing land managers
with empirical data to inform strategies for mitigating overcrowding and managing visitor
experiences at specific sites.

Integrate New Data Sources. Future research could advance the science of recreation modeling
by integrating mobile location data with other emerging data sources. These integrations, such as
pairing near-real-time mobile location data with environmental data from loT sensors (e.g., trail
counters, water quality monitors), could build richer and more predictive models of recreation
behavior.
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