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Abstract

We present an updated Natural Amenities Scale that modernizes and expands the foundational
1999 index developed by the USDA Economic Research Service. Natural amenities—features such
as climate, land cover, water resources, and terrain—continue to shape residential preferences,
migration patterns, and regional development. Substantial advances in environmental data, along
with shifting policy and demographic contexts, necessitate a revised scale that reflects
contemporary conditions and supports modern research applications. The updated index
incorporates high-resolution climate, land-cover, and terrain data from 1990-2020, emphasizes
scientifically grounded thresholds of climatic comfort, and includes new measures such as forest
cover and refined water-area calculations. It expands geographic coverage to all U.S. counties and
census tracts, addressing past limitations related to boundary definitions and incomplete spatial
coverage. Using a transparent additive framework with min-max rescaling, the scale preserves
interpretability while improving accuracy, spatial detail, and conceptual grounding. This report
documents the methodological decisions behind the updated scale, including variable selection,
data processing, and index construction. It also outlines key differences from the 1999 edition and
discusses implications for research on migration, economic development, environmental
amenities, and community well-being. The resulting dataset will be released as a publicly available
ERS data product at the county level. The updated scale is designed for reproducibility and future
maintenance as environmental data and policy needs continue to evolve.

Introduction

Natural amenities, such as temperate climate, land cover, water resources, and varied terrain, play
a centralrole in shaping residential preferences and the desirability of places. The USDA Economic
Research Service’s original Natural Amenities Scale (McGranahan 1999) has served as a
foundational data product in agricultural and applied economics for more than two decades,
informing research on rural migration, regional economic performance, and community well-being.
The 1999 scale offered a standardized county-level measure of environmental desirability based on
warm-winter climate, winter sun, temperate summer conditions, summer humidity, water area, and
topographic variation.

Since 1999, however, both environmental conditions and data availability have changed
substantially. High-resolution climate, land cover, and terrain datasets with regular updates provide
opportunities to refine and modernize the original index. At the same time, demographic and policy
discussions increasingly emphasize migration, rural prosperity, resilience, and the spatial
distribution of environmental amenities. These shifts underscore the need for a new Natural
Amenities Scale that reflects contemporary conditions and is aligned with today’s analytical and
policy frameworks.

This technical bulletin documents the methodological decisions, data sources, and analytical
procedures used to develop an updated Natural Amenities Scale that builds on the conceptual
foundations of the original while addressing its limitations. Several motivations guide the update of
the Natural Amenities Scale. First, the inputs to the 1999 scale are now outdated relative to current



climate and land-cover patterns. Second, the original index excluded Alaska and Hawaii due to
limited data availability. Third, modern policy analysis requires socioeconomic units that reflect
current boundaries, including updated counties and census tracts. Finally, improved data sources
and user needs call for amenity measures at multiple spatial resolutions. This report provides clear
guidance on how we reconstructed an index that had not been updated since 1999 and outlines
improvements in accuracy, spatial detail, geographic scope, and conceptual grounding in current
literature. Because the updated scale is intended to be maintained into the future, this report also
provides necessary information for ongoing revision and replication.

Our updated scale focuses explicitly on natural, rather than human-built, amenities. Although
human stewardship affects environmental quality, we center variables that capture visual, climatic,
and recreational aspects relevant to permanent or semi-permanent residents. While the scale is
not designed to measure agricultural or industrial production conditions, its components may still
offer insight for outdoor-based industries through potential implications for worker comfort, health,
and well-being.

We construct the updated index using high-resolution data from the NASA Global Land Data
Assimilation System, the U.S. Census Bureau, and the U.S. Forest Service. The scale incorporates
year-round temperate climate indicators, forest cover, water area, and terrain variation. Following
the transparent structure of the original scale, we compute an additive index using min-max
rescaling of the base data. This provides a simple, interpretable measure of natural amenities while
giving researchers the flexibility to apply their own weighting strategies. To support diverse research
and policy applications, the new data product will be released at the county and census-tract
levels, offering the most flexible and detailed amenity dataset produced to date.

The following sections address the key questions guiding this update of the Natural Amenities
Scale:

e What were the primary considerations for selecting inputs to the updated scale?

e Which variables were chosen, and what scientific or conceptual justification supports
these selections?

e |nwhat ways does the updated scale differ from the 1999 edition?

o What are the geographic and temporal dimensions of the new index?

¢ What methodological steps, including data transformations, scaling, and index
construction, were used?

o What are potential uses of the updated data product across research and policy contexts?

By addressing these questions, this report serves as a comprehensive record of ERS’s process for
updating the Natural Amenities Scale data product. It supports reproducibility, provides clarity for
future updates, and ensures that users understand the methodological foundation of the 2020
Natural Amenities Scale.

Conceptual Framework

The updated Natural Amenities Scale is motivated by a framework of how measurements of
individual amenities can be combined together into a broader index of natural amenities. This
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report develops a conceptual framework for illustrating which components structurally belongin a
scale. Our framework is shaped by both the foundations established in the 1999 ERS Natural
Amenities Scale and advancements in peer-reviewed literature across multiple disciplines.

For the purposes of this scale, natural amenities refer to biophysical features of the environment,
climate, landform, and land cover, that provide benefits to people who live in a place. This definition
emphasizes the environmental qualities that shape comfort, visual landscape, and general quality
of life. The scope is intentionally focused on amenities relevant to permanent or semi-permanent
residents rather than short-term recreation activities such as skiing or boating.

Figure 1. illustrates the conceptual framework of the Natural Amenities Scale. Natural amenities
are organized into two broad categories, climate-based amenities, relating to long-term patterns of
temperature, humidity, and seasonal variation and Landform and land-cover amenities, relating to
the physical shape of the landscape and its vegetative or water-based features. These categories
encompass the features most consistently linked to residential preferences and well-being in the
literature.

A major goal of this update is to ensure that each component of the scale is scientifically grounded.
We reviewed several relevant bodies of scholarship, including amenity and migration research,
hedonic pricing and discrete choice experiments, ecosystem services literature and public health
and comfort guidelines. These fields of research collectively validate the continued relevance of the
categories used in the 1999 scale while offering justification for expanded or refined variables. The
leftmost column of Figure 1 breaks down the broad categories into individual features.

Temperature

Sunshine Climate

Humidity

Natural Amenities

Water and Coastal Areas

Forests Land Cover and Landform

Topographic Variation

Figure 1. Conceptual Framework of Natural Amenities Scale

Foundations in the 1999 Edition Natural Amenities Scale

The original 1999 Natural Amenities Scale (NAS) was built in a data environment fundamentally
different from today’s. The scale was designed to summarize six measurable components of
climate and topography that prior literature suggested were linked to landscape preferences and
quality-of-life migration: warm winter temperatures, winter sun, temperate summers, low summer
humidity, water area, and topographic variation. These variables were compiled primarily from
long-running Federal data series—NOAA climate normals, the U.S. Census (e.g., water area), and a
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U.S. Geological Survey topographic classification developed in the mid-20th century. Although
coarse by today’s geospatial standards, these inputs represented the best available national
coverage at the time and offered a consistent basis for comparing counties across the United
States.

The conceptual foundation for the 1999 scale also reflected the migration and amenities research
of the late 20th century. Prior work emphasized climate as a driver of regional growth, with
topographic features and water access recognized as additional attractors. The 1999 NAS
documented strong empirical associations between these natural features and long-run
nonmetropolitan population change between 1970 and 1996. Because the scale was explicitly
descriptive, not causal, it served primarily as a stable index for comparing natural amenity
environments, not as a model of migration. This distinction shaped its widespread adoption:
researchers could incorporate the index into demographic, economic, and land-use studies
without adopting additional assumptions about mechanisms.

The original release also coincided with a period when national-scale geospatial data were static
and relatively low-resolution. Topography, water area, and climate were all represented using
datasets that lacked today’s finer spatial granularity, temporal frequency, and advanced
interpolation methods. Likewise, the 1999 product did not incorporate land cover or vegetation
pattern data, although later analyses (e.g., McGranahan (2008)) noted that people are often drawn
to mixed landscapes with both forest and open land—an amenity dimension that could not be
operationalized using national datasets at the time. As a result, while the 1999 NAS aligned well
with the dominant theory of preferred landscapes, it could only approximate certain components
(e.g., scenic heterogeneity) using available variables.

For users returning to the NAS after many years, these methodological constraints are important
when comparing historical and updated versions of the scale. The original index is consistent,
transparent, and still replicable with its original inputs, which is why it has remained widely cited.
But its construction reflects a pre-modern GIS era: limited spatial precision, static climate normals,
and topographic data that predated digital elevation models. These features mean that differences
between the 1999 and modern versions may reflect both real environmental change and improved
measurement. Researchers should interpret longitudinal comparisons with this in mind,
particularly in regions where climate and land cover have shifted or where modernized geospatial
inputs now capture heterogeneity that was invisible in 1999.

Comparison of 1999 and 2020 Editions of the Natural Amenities Scale

The Natural Amenities Scale (NAS) measures how attractive different areas are based on
environmental features like climate, water, and forest cover. While both the 1999 and 2020 editions
share the same goal, they differ significantly in scope, data, and methodology. These differences
mean the two versions are not directly comparable.

The 1999 edition excluded Alaska and Hawaii because of data limitations and left out metropolitan
counties, whereas the 2020 edition covers the entire United States. Boundary definitions have also
changed: the earlier version relied on 1990 county boundaries, while the latest version uses

updated 2020 and 2023 boundaries and even provides data at the census tract level for finer detail.



The time frame of climate data is another major difference. The 1999 scale used historical data
from 1940 to 1970, while the 2020 edition incorporates modern climate data through 2020.

The way climate is measured has improved as well. Instead of relying on January temperatures and
aregression approach to proxy for temperate weather, the new scale uses the annual count of days
with comfortable outdoor conditions, which is easier to understand.

Forest cover is a new feature of the 2020 edition. Water area calculations have been refined to
exclude coastal waters and portions of the Great Lakes, improving accuracy compared to the older
method that capped water area at a fixed level. Topography, which was part of the original scale,
has been removed from NAS but is available separately through USDA, ERS’s Area and Road
Ruggedness Scale.

Both scales use a transformation for water area, but the transformations differ slightly. This
transformation assumes diminishing returns, meaning that an increase from 5% to 10% forest
cover matters more than an increase from 50% to 55%. The 1999 edition used logarithmic
transformations for water area, while the 2020 edition uses an inverse hyperbolic sine
transformation, which handles zeros better.

Methodologically, both editions use an unweighted additive index. The 2020 edition uses min-max
feature scaling to standardize inputs while the 1999 edition used z-scores.

Scale Inputs Selection through Review of Literature

There is a broad literature on measuring amenities, and several scales and indices exist beyond the
1999 Natural Amenities Scale (McGranahan 1999). Schaeffer and Dissart (2018) conduct a
systematic review of natural and environmental amenity research and describe trends in the
literature, including a lack of consensus on how to measure amenities. The authors found that
indicators tended to measure simple natural attributes instead of multidimensional natural
features or human built attributes of an area. This literature review provides a background on the
contributions which shaped our update of the Natural Amenities Scale.

Amenities, Preferences, and Their Role in Migration and Markets

The meaning of the term amenity is context-dependent and can vary based on the audience. At
their core, amenities are place-based features that provide benefits which enhance the desirability
of a location, potentially influencing housing markets and wages, or household preferences. This
definition encompasses a wide range of elements, including weather, landscape, public services,
infrastructure, crime rates, and overall ambiance (Ferguson et al. 2007; Glaeser, Kolko, and Saiz
2001; Partridge 2010; Roback 1982; Schaeffer and Dissart 2018). The term natural amenity
describes desirable features or characteristics that are not human built. There is no absolute
measure of what constitutes a natural amenity; human stewardship and development are
interconnected with natural amenities (Schaeffer and Dissart 2018).

Amenities are closely connected to individual preferences because the value of an amenity arises
from the benefits people derive from it. However, preferences are not fixed. They differ across
individuals, vary with socioeconomic characteristics, and can shift over time. The literature



documents substantial heterogeneity in preferences for landscape characteristics across groups.
These findings underscore that preferences are endogenous, shaped not only by environmental
exposure but also by social, economic, and experiential contexts. Recognizing that preferences
evolve is essential when interpreting changes in migration patterns, amenity demand, and the
strength of relationships between environmental features and population movement.

A substantial body of empirical work links natural amenities to rural migration. Favorable climates,
access to water and public lands, forested landscapes, and mixed open—forest mosaics have all
been associated with in-migration to nonmetropolitan areas (Deller et al. 2001; McGranahan 1999,
2008; Rappaport 2007). These relationships have informed “amenity-led development” strategies
and contributed to the growth of recreation and retirement destinations. Yet amenity-migration
linkages are context-dependent: proximity to metropolitan labor markets, housing affordability, and
broader economic conditions mediate how strongly natural amenities influence migration. The
Great Recession weakened the responsiveness of migration to environmental amenities (Ulrich-
Schad 2015), and adjacency to metro areas often amplifies amenity-driven in-migration (Chi and
Marcouiller 2013). Recent evidence also shows that public lands, national monuments, and
recreation assets can accelerate low-density residential development (Hjerpe, Hussain, and
Holmes 2020; Reisig et al. 2021).

Amenities can also be reflected and capitalized in markets. Hedonic housing models consistently
demonstrate that natural features (e.g. water views, forest cover, riparian vegetation, scenic quality,
and even specific ecological attributes) affect property values and, in some cases, wages (Graves
and Waldman 1991; Irwin et al. 2010; McGranahan 2008; Osland, Osth, and Nordvik 2022). These
studies emphasize that amenities operate through multiple channels: directly enhancing quality of
life, indirectly influencing productivity or recreation opportunities, and shaping market prices
through household willingness to pay. Importantly, they also show that not all environmental
features function uniformly as amenities; their value depends on type, proximity, visibility,
ecological quality, and broader regional context.

Defining amenities as place-based sources of benefit, situating them within dynamic and
heterogeneous preference structures, and recognizing their influence on migration and markets
provides the necessary foundation for constructing an updated index. Climate-related amenities,
which shape comfort and livability, and viewshed-related amenities, which capture how land cover,
water, and landform contribute to the experiential quality of landscapes, together form the core of
the updated Natural Amenities Scale and align with both the original conceptual model and the
contemporary literature guiding this revision.

Weather Amenities and Preferences

Climate has long been recognized as a core component of natural amenities, shaping migration
decisions and determining outcomes like heating and cooling or needed health precautions. Both
classic and contemporary amenity frameworks emphasize temperature, humidity, and sunshine as
persistent drivers of where people choose to live. Our selection of climate indicators is grounded in
two complementary evidence bases: insights from the amenities and migration literature, and
scientific and public health guidelines defining conditions of comfort versus risk.



The original 1999 Natural Amenities Scale measured climate through January temperature (with
warmer winters preferred), the inverse of July humidity (drier summers as amenities), and a residual
term from regressing January on July temperatures, which captured “temperate” climates not
characterized by extreme seasonal swings. Subsequent urban amenity research continued
emphasizing temperature and precipitation, often using January temperature or precipitation as
indicators of mildness (Glaeser et al. 2001).

Across the literature, simple meteorological indicators remain the most widely used: Schaeffer and
Dissart’s (2018) review found that roughly 30 studies (of 221 in the sample) relied on basic
measures of temperature, precipitation, and broader climate conditions. Additionally, climate
variables are frequently included in multidimensional amenity indices (Bastian et al. 2002; Chi and
Marcouiller 2013; Ferguson et al. 2007; Gustafson et al. 2005; Hunter, Boardman, and Onge 2005;
Marcouiller, Kim, and Deller 2004). Climate factors also appear to influence economic outcomes:
Gonzalez-Val (2015) finds climate has a stronger relationship to income growth than to population
growth, suggesting multiple channels through which climate affects regional change. Egan and
Mullin (2016) construct an annual Weather Preference Index, demonstrating that U.S. population
exposure to weather improved from 1974-2013 due to substantial winter warming. Their approach
uses coefficients from population-growth models to infer revealed preferences for specific weather
conditions. This aligns with broader migration evidence: warm, dry regions have experienced
notable population growth (Farrigan 2024; Rappaport 2007), reinforcing that climatic comfort—
especially mild winters and manageable summer conditions—remains a persistent amenity in
residential location choice.

Other research uses disamenities to investigate preferences. Zheng, Fu, and Liu (2009) incorporate
a temperature discomfort index as a proxy for natural amenity, while Winkler and Rouleau (2021)
show that counties experiencing extreme heat or wildfire disasters exhibit reduced migration flows,
highlighting the role of climatic extremes rather than averages.

While the amenities literature traditionally relies on mean temperatures or humidity, public health
frameworks provide objective thresholds for risk. NOAA and CDC define categories for “extreme
heat,” “extreme cold,” and high-humidity conditions that pose physiological danger, allowing us to
conceptualize climate amenities as the absence of hazardous conditions. For example, heat-wave
definitions (Smith, Zaitchik, and Gohlke 2013) vary, but often rely on sustained extreme
temperature, sometimes paired with humidity thresholds. These guidelines emphasize
physiologically meaningful parameters—absolute humidity measures, heat-index categories, and
temperature ranges considered safe for outdoor exposure without special precautions. Integrating
these scientifically established thresholds into amenity measures improves conceptual clarity:
rather than relying solely on average climatic conditions, we can define “comfort days” as those
that do not cross established risk thresholds for heat, cold, or humidity.

Conceptually, climate amenities can be viewed as the complement of extreme or uncomfortable
conditions. Instead of defining an ideal or “perfect” climate, we count the reduction in exposure to
harmful weather—days without extreme heat, extreme cold, or excessive humidity. This reframing
aligns with evidence that individuals prefer to avoid discomfort and risk at least as much as they
prefer optimal conditions. Defining temperate conditions through the absence of extremes anchors
amenity inputs in behavioral and physiological sciences.



Temperature metrics are chosen to minimize the share of days exceeding harmful thresholds.
Drawing on NOAA National Weather Service guidelines, we emphasize counts of “comfortable”
temperature days—those avoiding both high-heat and severe-cold conditions. This approach is
informed by public-health criteria with migration-literature evidence showing sensitivity to winter
warmth, summer mildness, and the avoidance of heat extremes.

Humidity affects perceived temperature, outdoor usability, and health risk. Absolute humidity
thresholds offer clearer physiological meaning than relative humidity alone. Research documenting
preferences for dry summer conditions supports humidity as a separate climate amenity driver.
High humidity interacts with temperature to increase discomfort and reduce outdoor usability,
reinforcing the need for humidity-specific metrics.

Sunshine contributes to outdoor usability, seasonal affective well-being, and the experiential
dimension of natural amenities. It also appears in the original NAS (as winter sun) and in broader
amenity frameworks. By incorporating sunlight, we capture an important dimension of comfort that
interacts with temperature and humidity to influence daily experience.

The climate variables included in our updated scale serve dual roles. Scientifically grounded
thresholds ensure metrics reflect established definitions of harmful or high-risk weather, while the
migration literature provides behavioral evidence of how households respond to climatic
conditions. Together, these perspectives ensure the climate components of the amenity index are
empirically valid across diverse contexts; consistent with known migration responses; robust to
measurement differences; and sensitive to extremes rather than simple averages. Climate
preferences are endogenous and heterogeneous, but evidence consistently shows aversion to
extremes.

Climate amenities constitute one half of the natural amenity framework. The other half—viewshed
amenities—captures land cover, landform, water presence, and other visual and ecological
attributes. Together, climate and viewshed conditions shape residential comfort, landscape
desirability, and the broader environmental context that influences long-run settlement patterns.

Viewshed: Forest Area, Water Cover, and Landform Preferences

Understanding how natural amenities influence human preferences and development patterns
requires integrating evidence on viewsheds, land cover, and landforms. Although the empirical
literature on environmental amenities is broad, Schaeffer and Dissart (2018) emphasize that
relatively few studies explicitly examine viewsheds, despite noting that view is the primary sense
used to perceive the local environment. In their systematic review, only twelve studies incorporated
viewshed measures, compared to substantially larger numbers relying on simpler proximity or
land-cover indicators—75 studies used proximity to water, 41 proximity to coastlines, 72 proximity
to green areas or open space, 46 relied on land-use or forest cover indicators, and 33 captured
topographic variation through basic elevation metrics. This imbalance underscores the need for
more measures of visual environmental attributes and motivates our attention to how different
landscape components—forest cover, water bodies, and landform complexity—shape preferences
and behavior.
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A significant body of research highlights the strong and persistent attraction humans exhibit toward
forests and water features. McGranahan (2008) documents broad historical and contemporary
preferences for landscapes combining forested areas and water resources. The impact of this
preference, however, can vary with economic conditions; for example, the 2008 recession reduced
marginal willingness to pay for environmental landscape attributes, including water views and
forest amenities (Cho, Kim, and Roberts 2011).

Regional studies reinforce the salience of natural cover. In the Midwest, where climate variation is
limited, Besser, Miller, and Malik (2012) construct an amenity inventory emphasizing forests,
wetlands, and open water. Similarly, Ganning and Flint (2010) develop an amenity index that
separates natural-resource-based amenities from socioeconomic indicators, identifying forest
cover, recreation access, and open-water proximity as key natural components.

The influence of forest and water resources extends to development and housing markets. A
one-standard-deviation increase in forest cover is associated with a 44% higher probability of
residential development, while being 75 minutes closer to a large lake increases development
probability by 139% (Reisig et al. 2021). Studies of recreational behavior, further reveal substantial
heterogeneity in forest preferences among users (Abildtrup et al. 2013). Urban housing markets
also respond strongly to water and vegetation attributes: Baranzini and Schaerer (2011) find that
water features increase urban housing prices, while Bourassa, Hoesli, and Sun (2004) document
that the value added by water views diminishes rapidly with distance. Tree cover generates
measurable benefits as well: trees significantly increase both rents and home sale prices in
Portland (Donovan 2017). More nuanced assessments indicate that preferences are not uniform
across types of green space; Bark et al. (2009), for example, find that buyers differentiate sharply
among riparian vegetation characteristics in Tucson, suggesting that environmental quality and
ecological context matter as much as the presence of greenery itself.

Preferences for topographic variation have long been discussed in the context of the “savanna
hypothesis,” which posits an evolutionary basis for attraction to gently varied terrain (McGranahan
2008). However, such universal claims have been challenged; Moura et al. (2018) reject the idea of
a consistent evolutionary preference for savanna-like landscapes, arguing that preferences exhibit
cultural and contextual variation. Regardless, topographical features such as median slope and
altitude are included in different measures of amenities (Argent, Smailes, and Griffin 2007).

Empirical work examining the role of topography in development outcomes presents a mixed
picture consistent with cultural and contextual impacts on preferences. Reisig et al. (2021)
measure topographic complexity using a moving average of elevation standard deviation and find
no significant effect on development likelihood. Yet, evidence from urban contexts suggests that
terrain does shape demographic and economic patterns. Ye and Becker (2018) identify robust
relationships between topography and urban density, income, and housing markets. A broader
literature frames geographical features as both natural amenities and development constraints
(Burchfield et al. 2006; Saiz 2010).

Topography also affects broader land-use patterns. Burchfield et al. (2006) find that rugged terrain
contributes to increased urban sprawl, while coastal landforms shape rural amenity patterns in
countries such as Australia (Argent et al. 2007). Hedonic analyses in rural and mixed landscapes,
such as Bastian et al. (2002) in Wyoming, incorporate scenic views and habitat quality among key

11



determinants of property values. This evidence raises important questions about whether amenity

values derived from urban housing markets can generalize to county- or census-tract-level

measures of natural amenities. The literature suggests they often can, though careful attention to
spatial scale and functional form is required.

Methodology: Selection of Variables, Data Sources and

Calculations, Descriptive Statistics

Climate variables were constructed from sub daily observations before being aggregated to daily,
annual, and 30-year county-level measures. This approach preserves information on within-day
extremes while producing interpretable long-run indicators suitable for inclusion in the Natural

Amenities Scale.

Variable List and Data Sources

Table 2. Natural Amenities Scale 2020 Edition Inputs

Variable Category | Description Source Years Notes
Used
Temperature | Climate 30 year normal of days NASA 1990-
in “comfort band” with GLDAS- 3 2020
daily high less than 80 F | hour daily
(27 C) and daily low measures
more than (13 For-10.5
C)
Low Climate 30 year normal of days NASA 1990-
Humidity in “comfort band” with GLDAS- 3 2020
daily high less than 0.01 | hour daily
kg/kg and daily low measures
more than 0.0015 kg/kg
Sunlight Climate Annual total Watt-hours | NASA 1990-
(total) GLDAS- 3 2020
hour daily
measures
% Tree Cover | Land Percent of area 4142 43 | USGS NLCD, | 2001-
Cover (forests) and 90 (woody | NLCD- 2019
wetlands) Alaska, (2001-
NLCD- 2016 AK,
Hawaii 2001-
2011 HI)
Water Area Land US Census
Cover boundary
files
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Topographic
Variation

Landform

USDA ERS
ARRS

We use climate data from NASA’s Global Land Data Assimilation System (GLDAS) (Rodell et al.
2004), USGS National Land Cover Database (NLCD) the Census Bureau, and the USDA Economic

Research Service.

Temperature

Temperature comfort days were calculated from GLDAS 3-hour air temperature data. For each
county-day we identified the daily minimum and maximum temperature and classified the day as
temperate if the minimum temperature was above freezing (273.15 Kelvin (K)) and the maximum
temperature was below 80 degrees F (299.817 K). We then summed the temperate days annually
and averaged across the 1990 to 2020 period to create a 30-year normal of annual temperature

comfort days.
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Humidity

GLDAS gives us humidity measured as specific humidity, which is the mass of water vapor per the
mass of total air (dry air+water vapor). It is expressed as kilogram of water vapor per kilogram of air,
so specific humidity of 0.012 kg/kg means there is 12 g of water vapor per kg of air. The key property
of specific humidity is that it is absolute and not temperature-dependent. It does not change if you
heat or cool the air (it changes if moisture is added/removed). It is physically stable and
comparable across space.

Specific humidity differs from relative humidity and dewpoint. Relative humidity is a familiar
measure that describes how full the air is, relative to its capacity. The key issue of relative humidity
is that it is highly dependent on temperature. So, for example, 50% RH at 60 degrees F would feel
dry, while 50% relative humidity at 90 degrees F would feel humid and oppressive. RH is not a good
standalone measure for comparisons across climates.

Dew point, on the other hand, is the temperature at which condensation begins (air becomes
saturated). The units are degrees Fahrenheit (or Celsius), and dew point is tied directly to absolute
moisture content. Unlike relative humidity, it tracks how humid it feels. Daily average dewpoint,
uncomfortable humidity is dew point>65F=18.3333C

Specific humidity maps very closely to dewpoint but is a distinct measure. Both measure absolute
moisture, in different units. At typical surface pressures, specific humidity of 4-6 g/kg is the approx.
dewpoint of 30-45 degrees f. A specific humidity of 11-15 is approximately dewpoint of 65-70
degrees f. Extremely dry environments have specific humidity of closer to 1g/kg, while tropical
humid environments have specific humidity exceeding 15g/kg.
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Humidity comfort days were calculated from GLDAS 3-hour specific humidity data. For each
county-day we identified the daily minimum and maximum specific humidity and classified the day
as comfortable if the specific humidity remained between 0.0015 and 0.01 kg/kg throughout the
day. We then summed the humidity comfort days annually and averaged across the 1990 to 2020
period.

NAS Input: Humidity, Quintiles

Quintiles

— W o

no data

400

300

200

Frequency

100 1

0 20 40 60 80 100
mean of humidity pct in a 30 periods rol. wind.
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Sunlight

Sunlight was calculated from GLDAS downward shortwave radiation data, reported in W/m*2 at 3-
hour intervals. Because watts are a rate of energy transfer, each 3-hour observation was converted
to watt-hours per square meter by multiplying by the interval of hours (3). These three-hour values
were summed to create daily total shortwave radiation, and daily totals were summed to create
annual sunlight exposure for each county. Annual values were then averaged across the 1990 to
2020 period.

NAS Input: Annual Sun, Quintiles

Quintiles

— R W e on

no data
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Water area and shoreline calculations

Data Sources: US Census Bureau’s polyline file for coastline, 2024. Counties: 2020 counties

To create the county-level water area measure for the Natural Amenities Scale 2.0, we used the
ALAND and AWATER variables provided by the U.S. Census Bureau in the TIGER/Line census tract
shape files, which provide the current land and water area in square meters.

Several census tracts contain only water. These water-only tracts have a tract number of the format:
99xx.xx. Water-only tracts are located along the coasts and to represent large inland lakes (e.g.,
Great Lakes, Lake Okeechobee, Lake Tahoe).

Though water-only census tracts were created to isolate large areas within U.S. boundaries where
people do not live, census tract boundaries do not always exactly follow coastlines. In places with
large amounts of small islands or small bays, land-based census tracts may contain coastal waters
(e.g., bays, straits, lagoons). See example below.

We use the 2020 Area and Road Ruggedness Scales (ARRS) to select the census tracts that will be
used to calculate the water area measure. The ARRS only contains “inland” tracts which: (i) are
land-based (ALAND!=0), or (ii) are water-only tracts not associated with the Great Lakes or oceanic
coasts. This means that 21 water-only tracts are included in the “inland” tracts data used to
calculate water area. This is appropriate because these large inland lakes are just as valuable as a
natural amenity as smaller lakes contained within census tracts.
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The “inland” census tracts were aggregated to counties, and the county-level areas were divided by
2589988 to obtain land area and water area in square miles. We then calculated the share of the
county’s total area that is water, rounding to the nearest tenth.

NAS Input: IHS Water Area, Quintiles

Quintiles

5
4
3
2
1

300+

N

o

o
I

Frequency

100 1

0 2 4 6 8 1
IHS Water Area
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Forested area calculations

Land cover and land use both could be used for capturing amenities—we chose land cover rather
than land use.

Land Cover vs. Land Use Classifications USDA
]

Land Use

bkl

i i
LIEIETERANEEaT

Flantatian Arcerily Harveried Fored it =l Mitued Cower o Ciltivated Craplands
Shrub Cover PlantediCuttivated

Farest Land Agriceltural Lasd

1. Foresttogether with woody wetland is 30%
2. Include woody wetlands

2021 NLCD values 41 42 43 (forests) and 90 (woody wetlands) percent of pixels out of total county

pixels

41

Deciduous Forest - areas dominated by trees generally greater than 5 meters
tall, and greater than 20% of total vegetation cover. More than 75% of the tree
species shed foliage simultaneously in response to seasonal change.

42

Evergreen Forest - areas dominated by trees generally greater than 5 meters tall,
and greater than 20% of total vegetation cover. More than 75% of the tree species
maintain their leaves all year. Canopy is never without green foliage.

43

Mixed Forest - areas dominated by trees generally greater than 5 meters tall, and
greater than 20% of total vegetation cover. Neither deciduous nor evergreen
species are greater than 75% of total tree cover.

90

Woody Wetlands - areas where forest or shrubland vegetation accounts for
greater than 20% of vegetative cover and the soil or substrate is periodically
saturated with or covered with water.
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Quintiles

400

300

200 1

Frequency

100

0 2 4 6 8 1
IHS Forest Cover

Topography: Area Ruggedness

Area and road ruggedness scales pooled standard deviation (Dobis et al. 2023)
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NAS Input: IHS Terrain, Quintiles

Quintiles

— P L = n

300

200

Frequency

100

0 2 4 6 8 1
IHS Terrain

Index construction

The Natural Amenities Scale is constructed as an additive index of standardized environmental
variables. Each input is variable is first transformed, where appropriate, to reflect diminishing
marginal contributions to perceived amenities. For example, water area is transformed using an
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inverse hyperbolic sine function to accommodate zero values while preserving a concave
relationship between water coverage and an amenity value.

All variables are then rescaled using min-max normalization

x; — min (x)

*_

X = max(x) — min (x)

Where x; is the value of the variable in county I, and x;" is the normalized value ranging from 0 to 1.
This transformation places all inputs on a common scale while preserving relative differences
across locations.

The normalized variables are combined into an unweighted additive index:
NAS; = z Xix
k=1

Where k indexes the set of amenity variables. Each component contributes equally to the overall
score. This approach maintains consistency with the original 1999 Natural Amenities Scale and
prioritizes transparency and interpretability.

This index is descriptive and does not impose assumptions about the relative importance of
individual components.
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Results: 2020 Natural Amenities Scale

2020 Natural Amenity Scale *draft*, Quintiles

Quintiles

5

— R W e

300

200 A

Frequency

100

1 2 3 4 5
Natural Amenity Scale
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Conclusions and Future work

This report presents an updated Natural Amenities Scale that modernizes the original 1999 index
using contemporary geospatial data, expanded geographic coverage, and revised climate measure
grounded in physiological thresholds. The updated scale maintains transparency and
interpretability of the original additive framework while incorporating improvements in
measurement, spatial resolution, and conceptual grounding.

What’s different

e Updated climate measures based on counts of comfortable days rather than seasonal
averages

e Inclusion of forest cover as a core landscape amenity

e Improved water area measurement

e Expansion to all US counties

e Use of modern high-frequency climate data

The updated scale is designed as a descriptive index of natural amenities and should not be
interpreted as a causal measure of migration or economic outcomes. Differences between the
1999 and 2020 scales reflect both environmental change and improvements in measurement.

Future work

1. Amenities and migration
2. Amenities as disamenities (climate hazards)
3. Spatial context and accessibility
4. Extensions:recreation
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