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a b s t r a c t
As human populations become concentrated in larger, more intensely urbanized areas connected through globalization, the relationships of cities to their surrounding landscapes are open to social, ecological, and economic
reinterpretation. In particular, the value of access to nature in the form of nearby undeveloped wildland to urban populations implies a relatively novel type of synergistic city-region relationship. We develop a robust and
replicable metric – the urban-wildland juxtaposition (UWJ) – that quantiﬁes critical dimensions of the juxtaposition of the urbanicity of cities with the quantity of nearby unbuilt wildlands, based on the spatial proximity
and relative intensities of these two contrasting system types. Using a distance-decay gravity model, this analysis
provides documentation on the calculation of the UWJ and its component metrics, urbanicity (U) and wildland
(W) and then presents U, W, and UWJ metrics for 36 urbanized areas representing all regions of the U.S., providing the basis for comparisons and analysis. We explore the potential of the metric by testing correlations with
“creative class” employment and public health measures. The UWJ has implications and potential applications
for demographic, economic, social, and quality-of-life trends across the U.S. and internationally.

1. Introduction
The multidimensional beneﬁts of access to nature for urbanized human populations are the topic of numerous studies. For instance, nature provides urban residents with positive physical and
mental health outcomes (Keniger et al., 2013; Maller et al., 2009;
Sandifer et al., 2015), desirability as indicated by real estate values
(Brander and Koetse, 2011; Harnik and Welle, 2009), and economic vitality (Harnik and Welle, 2009; McGranahan et al., 2011), pointing to
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the value of proximity and access to nature as so critical to human wellbeing that its provision becomes a pressing question of environmental
and social equity (Weigand et al., 2019). The rapid expansion of research into the importance of access to nature as an element of urban
planning and design reﬂects a growing recognition of nature-society relationships, and invites continued examination of the roles of a variety
of unbuilt landscapes in supporting urban life.
Parks, protected areas, and open spaces, across a wide range of spatial scales, are the primary providers of urban nature access and pro-
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vide numerous additional beneﬁts toward sustainability (Low et al.,
2005). Parks within urban areas provide critical support for residents’
lived experiences on a daily basis. The quality of urban parks varies,
and has been shown to be signiﬁcantly related to physical activity
levels and physical health (Mullenbach et al., 2018). On the other
hand, across broader time scales, access to more expansive unbuilt open
spaces or wilderness areas are also major contributors to quality of life
(e.g.,MacKerron and Mourato, 2013; Park et al., 2009; Maller et al.,
2009; Miles, 1987; Park et al., 2009). Booming, urbanizing economies
like those in the western U.S. in particular, where vibrant, growing
cities are surrounded by vast areas of public, minimally-developed land,
invite a closer look at the phenomenon of urban-wildland synergies
(Stoker et al., 2021). These western, wildland-proximate cities arise
within a broader context of regional diﬀerences in preferences for open
space (Brander and Koetse, 2011), and against the backdrop of varying
degrees of access to nature-based resources (e.g., transportation system,
time, and monetary constraints), particularly for people of color and
lower socioeconomic standing (Brander and Koetse, 2011; Byrne et al.,
2009; Wang et al., 2015). The growth of such cities proposes a nontraditional model of the relationship between cities and their surrounding
landscape.
Common historical conceptions of cities involve a concentrated area
of intensely built infrastructure and relatively dense human population, highly reliant on its surrounding landscape for food and raw
materials (Sinclair, 1967). Cities were positioned as regional centers
of commerce, governance, culture, and learning (Benton-Short and
Short, 2013; Christoﬀ and Eckersley, 2013; Francis and Chadwick, 2013;
Meyer, 2013). In contrast, contemporary cities are often linked more
closely to global economies than to their surrounding landscapes, and
rural producers are often similarly engaged with global markets as
much as they are to the nearest city (Swyngedouw and Heynen, 2003).
Through globalization, local bonds of economic reliance between cities
and local landscapes have been altered, and often signiﬁcantly weakened.
At the same time, contrasts between urban and rural may be intensiﬁed (Easterlin et al., 2011; Partridge and Rickman, 2008). The world
is increasingly urbanized, with projections of more than 60% of the
global population expected to live in urban areas by 2030 (United Nations, 2018) and rural landscapes increasingly depopulated. There were
34 megacities (a total population of more than 10 million people) in the
world in 2020 (United Nations, 2018). Urbanization rates in Africa and
Asia are increasing (Turok and McGranahan, 2013), aligned with similar trends in Europe (Nijkamp and Perrels, 2014) and South America
(Wang et al., 2012). In the United States, more than 82% of the national
population lives in urban areas as of 2018 (United Nations, 2018). The
attraction of cities remains multifaceted: cities are centers of social and
economic opportunity and cultural richness. As cities increase in size,
the intensity of the creative productivity associated with humans connecting and interacting with one another increases superlinearly, giving
large cities their sense of vibrancy and quicker pace of life. At the same
time, negative aspects of human interaction, such as crime, are also intensiﬁed (Bettencourt et al., 2007). The intensity of the “quicker pace of
life” in urban places, combined with a predominantly urbanized population means the demand for access to nature may be magniﬁed relative
to previous decades and centuries.
These current trends underscore the importance of developing a revised, 21st century model of the symbiotic relationship between cities
and their surrounding landscapes. We propose that landscapes which
contrast the intense urbanicity of the city with large expanses of undeveloped land in close proximity may be as supportive of the urban
population as the production landscapes of previous centuries. Rather
than a gradual urban-rural gradient, in which case wildlands may be
hundreds of miles from an urban core, this new model emphasizes an
abrupt transition from intensely urban activity to undeveloped wildland. Such an urban-wildland juxtaposition can beneﬁt urban residents
by promoting healthy behaviors, such as engaging in outdoor recre-

ation in regional parks and trails (Keniger et al., 2013: Maller et al.,
2009: Sandifer et al., 2015). Access to large-scale nature can also attract
a talented workforce of creative and innovative sectors, the so-called
“creative class”, as they tend to choose places of work and residence
based on amenities, lifestyle, and environmental quality (Florida, 2000:
Gill and Larson, 2014: McGranahan et al., 2011). Lastly, regional parks
and trails near an urban area can bolster the regional economy by supporting tourism and recreation industries. However, the urban-rural interface is a dynamic space in terms of changes to ecosystems and the
provision of ecosystem services (Wolf, 2012) and the closer its location
to the urban area the more potentially intense are these dynamics.
There is not yet a framework for capturing the essence of the urbanwildland juxtaposition as we conceptualize it here. In rare cases, urban
areas have been studied in relation to their rural and/or suburban surroundings, using a combination of urban and rural metrics (Dahly and
Adair, 2007). This work has been focused on developing a quantiﬁed
understanding of the phenomenon of cities rather than the explicit relationship between cities and surrounding landscapes, and as we note below, the concept of rural is diﬀerent from the concept of wildland. Other
related frameworks and examples in the literature include urban-rural
gradients, the wildland-urban interface, and studies of urban-proximate
wildland management.
Literature across ecology, geography, and related disciplines frequently utilizes urban-rural gradients, including integrated and substantiated frameworks for quantiﬁcation, and therefore comparison, across
locations (e.g., Kaminski et al., 2021; Wolf, 2012; Hahs and McDonnell, 2006). Urban-rural gradients are useful for detecting changes in
variables of interest along a gradient, but the approach diﬀers from our
juxtaposition concept in two critical ways: ﬁrst, “rural” land is deﬁned
largely by its low population (in contrast to “urban”) and may include
a wide range of uses. It is not necessarily accessible to an urban population, as it frequently consists of private property, farmland, or natural
resource extraction. Such landscapes may be viewed, from a road or railway, but not necessarily accessed directly by the general public. Second,
while a gradient may be steep or shallow, it is conceptually diﬀerent
from a juxtaposition, in that it implies a gradual change of a variable of
interest across space, as opposed to an abrupt contrast in which entirely
diﬀerent variables may be at play.
Another prominent concept in the spatial relationships of cities and
their unbuilt surroundings is the wildland-urban interface (WUI). The
WUI refers to “the area where houses meet or intermingle with undeveloped wildland vegetation” ( USDA and USDI, 2001). Particularly in
the semi-arid U.S. West, population centers have experienced signiﬁcant housing development at the edges of suburban and exurban areas, extending into forests, grasslands, and other unbuilt landscapes. In
this context, studies have focused on management applications to identify wildﬁre risk (Davis, 1990; Radeloﬀ et al., 2005a; Radeloﬀ et al.,
2005b; Stewart et al., 2007), which include clarifying the WUI deﬁnition, identifying spatial components that determine particular boundaries and delineations of the WUI, and creating national scale WUI maps
(Theobald, 2001). However, since the WUI focuses on areas of overlap
or contact between generally low-density residential development and
wildland vegetation, often on private land and translated into risk, it is
conceptually and practically distinct from our metric of urban-wildland
juxtaposition (UWJ).
Urban-proximate wildlands have been studied primarily in the context of recreational perceptions, behaviors, and management (e.g.,
Budruk and Manning, 2003; D’Antonio et al. 2016; Ewert, 1998;
Rose, 2019; Stern and Powell, 2013; Theobald, 2001). Deﬁnitions and
practical operationalization of urban-proximate wildland areas vary,
from wildlands that are located less than 100 miles from an urban setting of one million people or more (Ewert, 1998), to wildlands located
outside of urban cores of at least 50,000 people, but within 60 miles
(Stern and Powell, 2013). Therefore, urban-proximate wildland studies align with our understandings of the role of wildlands in relation
to urban areas. However, the deﬁnition has not been standardized nor
140
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does its current conceptualization allow for the quantiﬁcation and operationalization of urban-wildland relationships.
In order to explore the UWJ concept, it is necessary to capture the
contrast, or close spatial juxtaposition, of the urbanicity of a city with
its adjacent landscapes and how this juxtaposition varies between regions and types of cities (Gosnell and Abrams, 2011; Theobald, 2005).
Therefore, the objective of this research is to develop a readily calculable metric that expresses the concept of an urban-wildland juxtaposition
and to demonstrate the metric across a set of U.S. cities. For data consistency, we focus on U.S. cities and national publicly available data in
developing and testing the metric. Based on this objective, we ask: Is
there a subset of U.S. cities that possess a close juxtaposition of high urbanicity with abundant proximate wildland, and is there a geographic
pattern to such cities?
The ultimate purpose of understanding urban-wildland juxtapositions is to consider how cities with a strong UWJ may provide a variety
of health, economic, and quality of life beneﬁts. We hypothesize that
such cities oﬀer their residents the beneﬁts of rich urban experiences
and ready access to wildland experiences. Therefore, we also ask: What
evidence indicates that cities scoring highly on such a metric also score
highly on measures associated with city “success”, such as economic
vitality and human wellbeing?

people experience them. Transit service reﬂects a key aspect of the urban experience: access to mobility across a socioeconomic spectrum.
Airport capacity is a measure of the city’s connectedness to the world
for both people and cargo.
2.1.2. Operationalizing wildland
The concept of wildland is not directly synonymous with wilderness,
nor with rural land. Wilderness in the U.S. is both a broadly philosophical idea and a well-deﬁned and legislated construct (Nash, 1967). Empirically, the 1964 Wilderness Act deﬁnes wilderness as large natural
landscapes with minimal human inﬂuence. However, since human impacts are seen virtually anywhere on Earth, this supposedly “pure” version of wilderness is rife with diﬃculties (Hofmeister, 2009), not readily
interpretable across cultures, and is increasingly rare. Here, we take the
term “wildland” as it is used in the WUI literature and by U.S. federal
agencies, meaning less-developed public land. In the U.S., in addition
to oﬃcially designated wilderness areas, such as those managed by the
Bureau of Land Management, Fish and Wildlife Service, Forest Service,
and National Park Service, various entities may steward land, including
state and local governments and non-proﬁt conservation organizations.
Additionally, private holdings may contain wildlands that are both ecologically important and supportive of human engagements with nature.
For our wildland measure, we use the area of terrestrial lands within 50
miles (80 km) of the urbanized area that a) are not in private ownership, b) generally provide some level of public access, often for recreational or educational purposes, and c) are included within a nationallevel database. We further divide these wildlands into concentric buﬀer
rings around the urbanized area.

2. Material and methods
2.1. The UWJ metric
The UWJ metric is intended to capture the contrast between the degree of urbanicity and the amount of wildland, and their spatial juxtaposition. Thus we calculate an urbanicity indicator (U), a wildland
indicator (W), each normalized to a scale from 0 to 1, and an UWJ metric. A high UWJ score indicates an urban area with a high intensity of
urbanicity that is closely surrounded by large quantities of wildland. A
lower juxtaposition indicates one or more of the following conditions:
1) a less urban area, 2) less nearby wildland, and/or 3) greater distances
between the urban area and surrounding wildlands. Our approach uses a
gravity-decay metric to quantify and contextualize urban-wildland juxtapositions.

2.1.3. Operationalizing the UWJ
The juxtaposition metric itself is based on a distance-decay gravity model. Gravity models in geography and other social sciences have
long been used to model spatial interactions of geographical connections, including traﬃc ﬂows (Haggett et al., 1977), predicting city sizes
(O’Kelly et al., 1995; Xiao et al., 2013), and optimizing spatial structure
(Wilson, 1968), in addition to its original use describing population migration between regions (Carey, 1858; Grigg, 1977; Ravenstein, 1885).
A distance-decay function (e.g., Chen, 2015) of a gravity model explains
that as the distance between two phenomena increases, the interaction
eﬀects between them decline (Pun-Cheng, 2017).

2.1.1. Operationalizing urbanicity
In order to capture a juxtaposition between urban and wildland, we
must be able to quantify both the urban and wildland elements. Here,
we use the term “urbanicity” to express the qualities commonly associated with urban places. While it is a multidimensional construct, population size and density are the main universal indicators of urbanicity
(Dahly and Adair, 2007; Theobald, 2001). Beyond population, governments and researchers use various economic, social, and infrastructural
characteristics as urban metrics: availability of goods and services, access to health care and education, access to water, electricity and transportation infrastructure (National Research Council, 2003: United Nations, 2018: McDade and Adair, 2001). Considering that many cultural,
health, and economic dimensions of urbanicity may be quite variable,
particularly internationally, we take a minimalist approach, guided by
data availability, focusing on the fundamental physical urban characteristics of concentrated population and built infrastructure. We quantify
urbanicity using four variables: population size and population density
as measures of human population concentration, and airport capacity
and transit service as measures of concentration of infrastructure, particularly transportation infrastructure that supports social and economic
activities. All four variables are measurable via data available nationwide in the U.S. (see section 2.2 for data sources) and to some degree in
other countries. While these variables are certainly correlated with one
another, they express distinct aspects of urbanicity. While most very
large cities are also likely to be high-density, small and medium sized
cities may vary considerably in their density and this will aﬀect how

2.2. Data sources
An explicitly spatial juxtaposition metric requires boundaries that
classify and dichotomize urban areas. We use urban area (UA) boundaries drawn by the U.S. Census Bureau for its 2010 Census data. UAs are
densely developed areas with a minimum population density of 1,000
people per square mile (2.6 km2 ) and a total population greater than
50,000 (U.S. Census Bureau, 2010). The four urbanicity indicators were
derived from national datasets as follows:
•

•

•

•
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Population (U1 ) is based on 2010 U.S. Census population of the urbanized area (UA). The 2010 U.S. Census data, including the associated geographic information (shapeﬁles), were obtained from the
IPUMS National Historical Geographic Information System (NHGIS)
(Manson et al., 2021).
Population density (U2 ) is the 2010 U.S. Census UA population as
above divided by the total area of the UA. The UA areas were estimated in ArcMap 10.6.1. using the NHGIS shapeﬁle as above.
Airport (U3 ) represents the total airport area that intersects the UA
based on the 2010 Census Area Landmark shapeﬁle obtained from
NHGIS. Among the MAC/TIGER feature class codes available in the
shapeﬁle, we used K2457 (Airport—Statistical Representation) to
compute airport areas.
Transit service (U4 ) measures per capita transit use. This indicator is measured as the annual transit vehicle revenue miles divided
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Table 1
PAD-US protected area categories selected for inclusion calculations of W.
Included
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Not included
Access Area
Area of Critical Environmental Concern
Conservation Area
Historic or Cultural Area
Inventoried Roadless Area
Mitigation Land or Bank
National Forest
National Grassland
National Lakeshore or Seashore
National Monument or Landmark
National Park
National Public Lands
National Recreation Area
National Scenic or Historic Trail
National Scenic, Botanical or Volcanic Area
National Wildlife Refuge
Native American Land
Recreation Management Area
Research Natural Area
Research or Educational Area
Resource Management Area
Special Designation Area
State Conservation Area
State Historic or Cultural Area
State Other or Unknown
State Park
State Recreation Area
State Resource Management Area
State Wilderness
Watershed Protection Area
Wild and Scenic River
Wilderness Area
Wilderness Study Area

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

by the total population using the 2010 National Transit Database
(Federal Transit Administration, 2010). The transit usage data are
available at the transit agency level. We ﬁrst identiﬁed transit agencies that serve each UA and added all transit vehicle miles traveled
by selected transit agencies.

Agricultural Easement
Approved or Proclamation Boundary
Conservation Easement
Federal Other or Unknown
Forest Stewardship Easement
Historic or Cultural Easement
Local Conservation Area
Local Historic or Cultural Area
Local Other or Unknown
Local Park
Local Recreation Area
Local Resource Management Area
Marine Protected Area
Military Land
Not Designated
Other Easement
Private Agricultural
Private Conservation
Private Forest Stewardship
Private Historic or Cultural
Private Other or Unknown
Private Ranch
Private Recreation or Education
Ranch Easement
Recreation or Education Easement
Unknown
Unknown Easement

2.4. Testing out the UWJ index
As a test of construct validity of the UWJ index, we would expect to
see a large amount of wildland in the inner buﬀer rings of cities with
high wildland (W) scores and we expect more populated cities to rank
higher on urbanicity (U) scores. However, the U rankings should vary
from a simple ranking by population size based on the contributions of
the other elements of the metric and these variations should be readily
understood by examining the indicator values for each city. Similarly,
cities ranked by their UWJ score should not be in the same order as
either the U or W rankings. We validate the index by examining the
rankings of each city by their U and W scores and by mapping each city
with its associated wildlands.
Based on the literature on the beneﬁts of human-nature interactions at a regional scale, we tested correlations of the metric with
creative class employment and public health measures. We hypothesized that both U and UWJ scores would be positively correlated
with regional GDP per capita and the percentage of the creative class
(Florida, 2000; Harnik and Welle, 2009; McGranahan et al., 2011).
Following De Luca (2014) and Markusen et al. (2008), we used several industry sectors (Information, Professional, Scientiﬁc, and Technical Services, and Arts, Entertainment, and Recreation) to deﬁne creative class employment. Data for GDP and employment by industry sector in 2010 were collected from the U.S. Bureau of Economic Analysis
(https://www.bea.gov/data/economic-accounts/regional). Because the
data are available at the county level, we selected counties intersecting
with our 36 urban areas and aggregated data to compute total GDP and
the total number of employees. The 36 study regions have $52,120 GDP
per capita on average (min: $27,385 in Palm Coast, FL; max: $71,701
in Boston, MA-NH-RI) and 10.7% of creative class (min: 6.7% in Salem,
OR; max: 15.8% in Raleigh, NC).

To identify wildlands, we use the USGS Protected Area Database
(PAD-US) to provide a nationwide dataset of protected and natural areas
across levels of government. Protected areas in the U.S. consist of diﬀerent designations at various spatial levels, from national parks and cultural sites to local recreation areas. A protected area is deﬁned as being
“dedicated to the preservation of biological diversity and other natural
recreation, and cultural uses, managed for these purposes through legal
or other eﬀective means” (www.usgs.gov). We eliminate any designation categories of the PAD-US that do not meet the following criteria:
preserve natural characteristics; generally allow public access for recreational use; and are located outside UA boundaries. The remaining 33
protected area designations used for the metric are listed in Table 1.

2.3. Selection of urban areas
To test the development of the metric on a range of urban-wildland
contexts within the U.S., we employed a stratiﬁed sampling approach.
Within each of the nine US Census Divisions, we selected four cities
within four population size ranges: the city with the largest population;
a city with 0.8–1.2 million people; a city with 0.4–0.6 million people;
and a city with 0.2–0.4 million people. In the case of more than one city
per size class, we selected the largest, avoiding geographic proximity to
other selected cities as a secondary criterion. In the end, we calculated
the metric for 36 cities with a wide geographic distribution and a range
of population sizes.
142
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Table 2
Study cities by region with raw values for urban intensity indicators.
Census Division

Urban Area

Population (U1 )

Population density (U2 )

Airport (U3 )

Transit service (U4 )

1

Boston
Worcester
Portland
Norwich–New London
New York–Newark
Buﬀalo
Scranton
Utica
Chicago
Grand Rapids
Flint
Peoria
Kansas City
Omaha
Des Moines
Cedar Rapids
Miami
Raleigh
Palm Coast–Daytona Beach–Port Orange
Myrtle Beach–Socastee
Nashville-Davidson
Birmingham
Jackson
Gulfport
Dallas–Fort Worth–Arlington
New Orleans
Shreveport
Lubbock
Phoenix–Mesa
Salt Lake City–West Valley City
Reno
Fort Collins
Los Angeles–Long Beach–Anaheim
Urban Honolulu
Spokane
Salem
Hypothetical Perfect-Urban
Hypothetical Zero-Urban

4,181,019
486,514
203,914
209,190
18,351,295
935,906
381,502
117,328
8,608,208
569,935
356,218
266,921
1,519,417
725,008
450,070
177,844
5,502,379
884,891
349,064
215,304
969,587
749,495
351,478
208,948
5,121,892
899,703
298,317
237,356
3,629,114
1,021,243
392,141
264,465
12,150,996
802,459
387,847
236,632
27,526,943
50,000

2,155
1,534
1,475
1,320
5,220
2,453
2,194
1,862
3,467
1,991
1,465
1,806
2,218
2,626
2,225
2,112
4,300
1,692
1,927
1,116
1,673
1,404
1,411
1,250
2,821
3,351
1,588
2,441
3,153
3,672
2,377
2,293
6,933
4,682
2,334
3,101
10,399
1,000

5.12
1.19
0.67
1.73
14.37
1.99
1.83
0.00
13.28
5.68
2.54
3.52
9.64
4.00
2.19
0.00
9.32
7.22
3.99
1.93
6.17
1.85
4.34
2.86
31.54
2.16
2.69
2.60
4.16
10.46
2.95
0.00
11.56
4.03
2.97
0.00
47.31
0.00

24.95
5.66
8.19
4.99
50.38
13.45
5.96
10.84
26.90
13.12
22.58
9.46
9.30
6.48
12.26
7.48
17.41
6.99
14.58
6.82
8.32
5.45
3.29
11.05
11.16
8.33
8.94
10.11
12.98
31.20
10.55
12.98
20.85
35.05
23.91
24.21
75.57
0.00

2

3

4

5

6

7

8

9

In addition, we hypothesized that not only the W scores but the
composite UWJ values would be negatively associated with negative
health outcomes (diabetes, obesity rates) and positively associated with
positive outcomes related to physical activity (Keniger et al., 2013;
Maller et al., 2009; Sandifer et al., 2015). We compiled health data
from 2010 from the Behavioral Risk Factor Surveillance System (BRFSS)
published by the Centers for Disease Control and Prevention (CDC).
In particular, BRFSS GIS data provides localized health information at
the metropolitan and micropolitan statistical area levels. We selected
metropolitan areas intersecting with (or closest to) our 36 urban areas
and assigned their values. Speciﬁc health outcomes we used include 1)
diagnosed with diabetes (non-pregnancy-related; yes/no variable), 2)
participated in physical activities during the past month (yes/no), and
3) obesity rate (BMI over 30.0; yes/no). These health variables are measured as the percentage of people answering yes. The 36 study regions
have an 8.9% diabetes rate on average (min: 4.7% in Fort Collins, CO;
max: 13.6% in Palm Coast, FL), 76.9% physical activity rate on average
(min: 65.9% in Shreveport, LA; max: 86.9% in Fort Collins, CO), and
30.9% obesity rate on average (min: 49.8% in Fort Collins, CO; max:
69.8% in New Orleans, LA).

served value (Ui ) and the minimum value (Ui min ), divided by the difference between the maximum value (Ui max ) and the minimum value
(Ui min ).
We calculate the urbanicity metric using the following formula:
𝑈=

𝑘
∑
𝑖=1

𝑁𝑈 𝑖 ∕𝑘

(1)

where k is the number of indicators that make up the metric and N is
the normalized urbanicity value for each indicator Ui . Furthermore, to
make it possible for the metric to be calculated for cities more urban
than those in our sample, we established maximum values of each indicator that were 1.5 times higher than the highest value in our sample,
representing a hypothetical highly urban city. Minimum values represent a theoretical city with minimal development along these urbanicity dimensions. For example, for the population (U1 ), if we consider
the maximum population to be 1.5 times the population of New York
(27,526,943), the largest city in the U.S., and the minimum population
to be the minimum population size of an UA according to the U.S. Census deﬁnition (50,000), then the population of Boston (4,181,019) is
adjusted to 0.15 by the above normalization equation. The remaining
indicators are scaled using the same equation by identifying maximum
and minimum values (See Table 3). In order to achieve a ﬁnal U score
with a maximum value of 1, we calculated the average of the four indicators.

3. Calculations
3.1. Urbanicity
The urbanicity score is a composite of four indicators (Ui ): population (U1 ), population density (U2 ), airport (U3 ), and transit service (U4 ).
Our 36 cities with their raw Ui indicator values are shown in Table 2.
A normalized urbanicity value (NUi ) is the diﬀerence between the ob-

3.2. Wildland
The Wildland score (Wi ) is composed of 10 indicators that reﬂect the
quantity (total area) of identiﬁed wildlands surrounding the urbanized
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Table 3
Maximum and minimum values of urban intensity indicators used for scaling.
Urban Intensity Indicators

Max

Min

U1

Population

27,526,943

Population of New York–Newark × 1.5

50,000

U2

Population density

10,399

1,000

U3

Airport

47

U4

Transit service

76

Population Density of Los Angeles–Long
Beach–Anaheim × 1.5
Total square miles of airports of Dallas–Fort
Worth–Arlington × 1.5
Per capita transit vehicle revenue miles of
New York–Newark × 1.5

area in 10 concentric 5 mile (8 km) buﬀer rings. These indicators are
weighted by distance from the urbanized area boundary. Thus W1 is the
total wildland area within a 0–5 mile (0–8 km) buﬀer ring, and W2 is the
wildland area within a 5–10 mile (8–16 km) buﬀer ring. These indicators
are calculated up to W10 (45–50 mile, 72–80 km). The buﬀer width
was selected to distinguish between what might reasonably represent a
morning walk on a weekday (nearest ring) versus a long day or overnight
trip (farthest ring) depending, of course, on transportation modes. The
W indicators are scaled between 0 and 1 by measuring the wildland
area percentage of the total area in each buﬀer ring. For example, the
normalized W1 (NW 1 ) is the wildland area in the innermost buﬀer band
(W1 ) divided by the total land area within that buﬀer band. Thus a
value of 1 indicates that 100% of the land within a given buﬀer ring is
designated as wildland.

0

0 per capita transit revenue mile

represented by the following equation and variables:
UWJ = 𝑈 ×

𝑘
𝑛
∑
∑
𝑁Wj
𝑊
=
𝑁Ui ∕𝑘 × 𝑒
𝑑
𝑑𝑗
𝑖=1
𝑗=1

(4)

where, k = total number of urbanicity indicators; NUi = normalized ith
urbanicity score; e = constant calculated to bring max value of W equal
to 1; n = total number of wildland indicators (total number of buﬀer
rings); NWj = wildland ratio in the jth buﬀer ring; dj =distance between
the edge of the urban area to the midpoint of the jth buﬀer ring.
4. Results
The calculated U, W, and UWJ scores for the 36 cities are listed in
Table 4 and shown ranked by their scores in Figs. 1, 2, and 3, respectively. The UWJ scores ranged from a low of nearly zero (Lubbock) to
0.106 (Phoenix-Mesa); only two cities exceeded a UWJ score of 0.1. In
all three ﬁgures, the shading of the bars indicates the size class of the
city within its region; cities with larger populations have darker bars.
The presence of dark bars further down the list in Fig. 1 reﬂects either
a relatively small population despite being in the largest size class for
its region (e.g., Nashville) or a low value on at least one of the other
urban indicators (population density, airport size, transit service). Conversely, the presence of a light bar in a higher rank reﬂects a relatively
greater population density, or particularly high scores on one or more
of the other indicators (e.g., Salem’s value of 24.21 for per capita transit
miles). Example maps illustrating the variation in the relationship between urbanicity and wildland among cities in our sample are shown in
Fig. 4. All 36 maps are available in the Supplementary Material.
The measures of economic and health outcomes showed numerous
correlations with the U, W, and UWJ scores, as hypothesized (Fig. 5).
The percentage of the creative class is positively associated with both U
and UWJ values (r=0.48, 0.32, respectively; p < 0.05 for both). Regional
GDP per capita shows weaker positive correlations with U and UWJ
values (r=0.34, p=0.04; r=0.05, p=0.66, respectively). Neither of these
variables is related to the W index.
As hypothesized, both W and UWJ scores are negatively correlated
with diabetes rates and obesity rates while being positively related to
physical activity rates (Fig. 5). The correlation coeﬃcient with diabetes
rates is –0.34 (p=0.04) for the W scores and –0.29 (p=0.09) for the UWJ
index. The correlation coeﬃcient with obesity rates is –0.41 (p=0.02)
for the W scores and –0.43 (p=0.01) for the UWJ index. Lastly, the correlation coeﬃcient with physical activity rates is 0.33 (p=0.04) for the
W scores and 0.31 (p=0.08) for the UWJ index. Those health variables
are not correlated with the urban intensity index (U), except for the
obesity rate showing a negative correlation (r=–0.35; p=0.04).

3.3. Urban-wildland juxtaposition
Since proximity of wildland to the UA is the basis of the juxtaposition, we apply a gravity model to weight the Wi indicators by distance
from the UA boundary. Based on this concept, the juxtaposition (J) of
an urban area to nearby wildland areas is:
𝑈 ×𝑊
(2)
𝑑
where U is the urbanicity score of the urban area, W is the quantity of
the wildland area, and d is the distance between them.
In contrast to the ﬁxed value of U, as the amount of wildland and the
distance change across buﬀer rings, W and d can be computed together
by associating diﬀerent wildland indicators (NWj ) with varying distances
of the buﬀer rings (dj ). For example, the wildland area in a 0–5 mile (0–8
km) buﬀer is an average of the middle distance of the buﬀer ring, or 2.5
miles (4 km) away from the urban area edge; therefore, the wildland
proportion (NW 1 ) is divided by a weight of 2.5 miles (4 km). In the
next buﬀer band, the wildland ratio between 5- and 10-mile (8 and 16
km) buﬀer (NW 2 ) is divided by a weight of 7.5 miles (12 km) which
represents the distance of the midline of that buﬀer ring from the UA
boundary. The resulting equation that relates W and d is:
𝐽 =

𝑛
∑
𝑁𝑊 𝑗
𝑊
=𝑒
𝑑
𝑑𝑗
𝑗=1

0

Minimum population requirement for UA by
the U.S. Census Bureau
Minimum population density requirement for
UA by the U.S. Census Bureau
No airport

(3)

where j is the number of buﬀer areas, NWj is the wildland ratio within
the jth buﬀer ring area between two diﬀerent buﬀers, and di is the linear
distance from the edge of the urban area to the midpoint of the jth buﬀer
ring. For the ease of interpretation of the metric, we include a constant
(e), equal to 1.1719, that makes the maximum value of W equal to 1.
This is due to the distance-decay eﬀect, in which even for a situation
where the wildland ratios within all the buﬀer ring areas are 100%,
the ﬁnal wildland measure still doesn’t add up to 1. The constant is
obtained by dividing 1 by the distance-weighted total wildland estimate
(0.8533 in our case), obtaining a value of 1.1719. The value of e would
be diﬀerent if diﬀerent numbers or widths of buﬀer rings are used, but
the interpretation of the metric is not aﬀected and the range of values
is from 0 to 1.
Bringing these equations together in the original gravitational decay model to quantitatively represent the UWJ for each urban area is

5. Discussion
5.1. U, W, and UWJ metrics
In this research, we sought to create a readily-calculable, replicable
metric that captures the context of a city in which a high intensity of urban activity is embedded within a surrounding landscape consisting of
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Table 4
Urban, Wildland, and Juxtaposition scores for all study cities by region.
Census Division

Urban Area

U

W

UWJ

1

Boston
Worcester
Portland
Norwich–New London
New York–Newark
Buﬀalo
Scranton
Utica
Chicago
Grand Rapids
Flint
Peoria
Kansas City
Omaha
Des Moines
Cedar Rapids
Miami
Raleigh
Palm Coast–Daytona Beach–Port Orange
Myrtle Beach–Socastee
Nashville-Davidson
Birmingham
Jackson
Gulfport
Dallas–Fort Worth–Arlington
New Orleans
Shreveport
Lubbock
Phoenix–Mesa
Salt Lake City–West Valley City
Reno
Fort Collins
Los Angeles–Long Beach–Anaheim
Urban Honolulu
Spokane
Salem
Hypothetical Perfect-Urban
Hypothetical Zero-Urban

0.178
0.043
0.045
0.036
0.521
0.102
0.064
0.059
0.303
0.105
0.103
0.073
0.127
0.092
0.088
0.055
0.244
0.087
0.097
0.037
0.086
0.045
0.048
0.060
0.298
0.109
0.062
0.087
0.155
0.238
0.090
0.079
0.398
0.242
0.133
0.138
1.000
0.000

0.054
0.092
0.027
0.039
0.089
0.030
0.111
0.072
0.023
0.036
0.030
0.027
0.027
0.018
0.034
0.037
0.255
0.030
0.072
0.064
0.041
0.029
0.057
0.138
0.050
0.084
0.022
0.001
0.685
0.298
0.545
0.161
0.254
0.061
0.136
0.087
1.000
0.000

0.010
0.004
0.001
0.001
0.047
0.003
0.007
0.004
0.007
0.004
0.003
0.002
0.003
0.002
0.003
0.002
0.062
0.003
0.007
0.002
0.004
0.001
0.003
0.008
0.015
0.009
0.001
0.000
0.106
0.071
0.049
0.013
0.101
0.015
0.018
0.012
1.000
0.000

2

3

4

5

6

7

8

9

large amounts of undeveloped wildland. The purpose of developing this
metric was to test the hypothesis that, in contrast to previous centuries,
this particular model of city-landscape relationship constitutes a highly
viable one for the globalized, urbanized 21st century. We developed
three metrics: a measure of urbanicity (U), the quantity of wildland surrounding a city (W), and the spatial juxtaposition between them (UWJ).
The underlying concept of urban intensity includes the cultural, social, and economic activity that characterizes urban life,
and is partially captured quantitatively in the scaling studies of
Bettencourt et al. (2007) and West (2017). Not surprisingly, New York–
Newark is the highest-scoring city on the U metric in our sample. Our
operationalization of urbanicity is simple enough to stand the test of
construct validity based on the deﬁnitions of urban areas used by researchers and governments around the world. Furthermore, it holds utility above and beyond simply using population size because the density
and infrastructure measures capture an urban “intensity” that is central
to our understanding of the UWJ construct. A smaller city may make
up for its population size and achieve more urban “intensity” through
greater density and high transit use. This simple metric uses data likely
to be available in some form for most cities around the world. Furthermore, we chose not to give diﬀerent weights to the four variables of the
U metric. Thus, the overall population size of the city, its density, its
airport capacity (representing connectivity to the world) and transit use
(representing among other things broad and diversiﬁed access to mobility) are all weighted equally. One could imagine a more complex metric
in which the variables are diﬀerentially weighted, perhaps to emphasize density and de-emphasize airports, since air travel and transport
are a rather speciﬁc slice of the daily urban experience. However, the
determination of such weights would be arbitrary, and in the perpetual

search for universal data, the presence and size of an airport is both signiﬁcant to the character of cities anywhere the world, and also a readily
accessible datum.
Another glimpse of urban intensity is the literature on the so-called
“creative class”, the highly-educated, mobile workers in professional
and technology ﬁelds who choose to live in places with high levels of
cultural and social amenities (Florida, 2000; Florida, 2014). Our U and
UWJ metrics are both correlated with creative class employment, lending validity to the U metric and to the UWJ concept. But such correlations are only moderate (r=0.48 for U and r=0.32 for UWJ), implying other contributing factors, such as aﬀordability, human capital, and
cultural infrastructure (Alfken et al., 2015; Donegan et al., 2008), all of
which represent potential additional avenues to explore using the UWJ
metric.
The wildland metric consists of the quantity of protected areas from
the PAD-US database, weighted by their proximity to the urbanized area.
Calculation of W, then, is primarily a mapping exercise. The availability of similar data will no doubt vary widely in other countries and
this makes the W calculation perhaps the more challenging to replicate
widely. One approach might be to use land cover data rather than or in
combination with land use data as in Hahs and McDonnell (2006) or as
suggested by Weigand et al. (2019). The value of W may also indicate
a variety of circumstances on the ground. While the metric is weighted
to value closer areas of wildland, a similar value could reﬂect either
a smaller amount of nearby wildland or a large amount of more distant wildland. This ambiguity reﬂects the idea that while large amounts
of nearby wildland are desirable from a daily accessibility standpoint,
more distant areas may also contribute signiﬁcant cultural, economic,
and public health value in their own right.
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Fig. 1. Urbanicity scores by urban area. The length of the bar represents the urbanized area’s U score. Shading indicates the population size rank of that city within
its region, where the darkest bar is the largest city in the region and the lightest bar is the city of the smallest size class (0.2–0.4 million).

Western states tend to diﬀer signiﬁcantly from the rest of the U.S.
in terms of the amount of public land; in ﬁve states (Alaska, Idaho,
Nevada, Oregon, and Utah), more than 50% of the land is federally held
and managed, and another four states (Arizona, California, New Mexico, and Wyoming) consist of more than a third federal land. Therefore,
we expect to see cities in these Western states dominate the rankings on
the W metric. The top three (Phoenix, Salt Lake City-West Valley, and
Reno) meet this expectation, and their scores stand out well above the
rest. Only ﬁve cities have a W score above 0.1. The generally low values
of the W metric reﬂect abundant room remaining within the possible
values of the metric for cities with more extreme scores. We expected
high W scores to be associated with positive health outcomes and indeed, W was negatively correlated with obesity and diabetes rates, and
positively correlated with physical activity levels. Again, correlations
are only moderate (r values of 0.3–0.4), implying the role of other so-

cial and physical environmental factors, such as the degree of urban
sprawl (Ewing et al., 2014; Hamidi et al., 2018).
While both the urban and wildland metrics alone are informative,
the purpose of this research is to capture juxtapositions of urbanicity
with proximate and accessible wildland. A high juxtaposition score reﬂects a situation in which an urban area has a dense, thriving center
of human cultural and economic activity and built environment, closely
surrounded by large areas of relatively undeveloped, protected wildland
to which people have reasonably easy recreational, educational, and
mobility access. High-scoring cities are predominantly, as expected, in
the west: Phoenix–Mesa, Los Angeles–Long Beach–Anaheim, Reno, and
Salt Lake City–West Valley City. Only Miami and New York–Newark
come close to the scores of these western cities. Maps in Fig. 4 and the
Supplemental Materials illustrate these spatial juxtapositions across a
range of city sizes and regions. Diﬀerences between western urbanized
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Fig. 2. Wildland intensity scores by urban area. The length of the bar represents the urbanized area’s W score. Shading indicates the population size rank of that
city within its region, where the darkest bar is the largest city in the region and the lightest bar is the city in the smallest size class (0.2–0.4 million).

areas and most urbanized areas in the rest of the country are apparent.
As expected, cities with higher UWJ values had a higher percentage
of creative class workers and a higher level of economic productivity.
Also, residents in those regions tend to be more physically active and
show fewer incidences of diabetes and obesity. These ﬁndings support
the theories of public health and economic beneﬁts of urban-wildland
juxtaposition (Florida, 2000; Keniger et al., 2013; Maller et al., 2009;
McGranahan et al., 2011; Sandifer et al., 2015) and invite further tests
and applications of the UWJ metric.
Cities with surrounding, undeveloped wildlands are a relatively
unique phenomenon with a rich potential to enhance human wellbeing

in an urbanized and globalized world. These urban-wildland relationships have the potential to create a sense of place, identity, and regional
culture that link urban residents to nearby landscapes through ties of
recreational use and stewardship, creating a mutually co-constituted
social-ecological system. Quantifying, mapping, and analyzing these
urban-wildland relationships enables us to better understand and integrate their dynamics and to compare them across cities and regions.
Here, we have provided an initial set of simple correlations to explore
some of the hypothetical applications of the UWJ metric to studies of
health and economic vitality. Clear future directions include calculating
UWJ for more cities, both in the U.S. and internationally, and applying
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Fig. 3. Cities ranked by their ﬁnal urban-wildland juxtaposition (UWJ) scores. The length of the bar represents the urbanized area’s UWJ score. Shading indicates
the population size rank of that city within its region, where the darkest bar is the largest city in the region and the lightest bar is the city of the smallest size class
(0.2–0.4 million).

it in combination with other metrics to better understand social, cultural, economic, political, public health, and environmental dynamics
of urban regions.

rationale for this exclusion is due to deﬁning parameters of the W metric: quantity and distance. We presuppose that closer wildland and more
total wildland are associated with increased beneﬁts for urban dwellers.
Ocean proximity, however, is less obviously a beneﬁt that increases with
quantity; it is more of a presence-or-absence beneﬁt. In addition, access
to water is often limited spatially to coastline areas; access is not distributed across open water and is limited to those who have access to
watercraft. Large water bodies potentially contribute many positive aspects to life in urbanized areas, yet these features were not well-suited

5.2. Assumptions and limitations
For coastal cities, oceans provide many beneﬁts – viewsheds, recreational opportunities, sense of place, etc. – that are similar to wildlands,
yet our metric excludes water bodies such as oceans and major lakes. The
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Fig. 4. Representative maps showing variation in UWJ scores. Note that the maps are not on the same scale.
Fig. 5. Correlation plot between UWJ indices and economic
and health outcome measures.

for inclusion in our metric. Therefore, cities close to large water bodies,
like Chicago, Honolulu, Miami, and Salt Lake City, have lower W scores
than might otherwise be the case.
Additional factors (topographic, climatic, infrastructural) enable or
constrain urban dwellers from obtaining beneﬁts from nearby wildland
areas. For example, the city with the highest UWJ, Phoenix, has abun-

dant wildland, yet direct use by humans is constrained by high daytime
temperatures during much of the year. Other urban areas may have limited transportation options to access wildlands. Accessibility is a complex socio-technical construct that manifests diﬀerently from city to city
and across the socioeconomic spectrum. Roads are a necessary but not
suﬃcient measure of access, and for this reason, in addition to main-
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taining simplicity, we did not include a measure of accessibility in the
metric. Therefore, additional, place-speciﬁc factors should be considered when interpreting the metric in speciﬁc cities.
Finally, there is much about the experience of urban residents accessing nature that this metric cannot capture. The UWJ does not reﬂect parks and green spaces embedded within urban area boundaries.
Such elements of internal green infrastructure are essential components
of the daily experiences of urban residents and contribute substantively
to individual wellbeing. Our metric captures, instead, a contextual component of life in a city that commonly operates at broader spatial scales:
glimpses of distant landscapes, weekend day trips, and regional culture,
history, and lifestyle.
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6. Conclusions
Large, urban places create unique and, in many ways, challenging
human living environments to which access to nature is a strong potential antidote. Thus, there exists a potential synergy for highly urban
cities with abundant accessible wildland in close proximity. The UWJ
metric sets out to capture this concept using widely available data to
calculate a measure of the intensity of the urban character of a city (U),
the quantity of surrounding wildland nearby (W), and the spatial juxtaposition of the two (the UWJ). We demonstrate the metric for a wide
sample of 36 U.S. cities. Simple correlations indicate possible relationships between the UWJ and measures of health and economic vitality
and invite further research and applications of the metric.
Declaration of Competing Interests
The authors declare that they have no known competing ﬁnancial
interests or personal relationships that could have appeared to inﬂuence
the work reported in this paper.
Acknowledgements
This work was funded by a seed grant from the College of Architecture and Planning at the University of Utah. Kayla Mauldin and Emily
Guﬃn assisted with data gathering and analysis at earlier stages of the
project. Two anonymous reviewers provided excellent guidance in improving the clarity, structure, and thoroughness of the paper.
Supplementary materials
Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.geosus.2022.05.004.
References
Alfken, C., Broekel, T., Sternberg, R., 2015. Factors explaining the spatial agglomeration
of the creative class: Empirical evidence for German artists. Eur. Plan. Stud. 23 (12),
2438–2463.
Benton-Short, L., Short, J.R., 2013. Cities and Nature, second ed, second ed. Routledge,
New York.
Bettencourt, L.M., Lobo, J., Helbing, D., Kühnert, C., West, G.B., 2007. Growth, innovation,
scaling, and the pace of life in cities. Proc. Natl. Acad. Sci. U.S.A. 104 (17), 7301–7306.
Brander, L., Koetse, M., 2011. The value of urban open space: Meta-analyses of contingent
valuation and hedonic pricing results. J. Environ. Manage. 92 (10), 2763–2773.
Budruk, M., Manning, R., 2003. Crowding related norms in outdoor recreation: U.S. versus international visitors. In: Schuster, R. (Ed.), Proceedings of the 2002 Northeastern Recreation Research Symposium. U.S. Department of Agriculture, Forest Service,
Northeastern Research Station, Newton Square, pp. 216–221.
Byrne, J., Wolch, J., Zhang, J., 2009. Planning for environmental justice in an urban
national park. J. Environ. Plan. Manag. 52 (3), 365–392.
Carey, H., 1858. Principles of Social Science. Lippincott, Philadelphia.
Chen, Y., 2015. The distance-decay function of geographical gravity model: Power law or
exponential law? Chaos Solitons Fractals 77, 174–189.
Christoﬀ, P., Eckersley, R., 2013. Globalization and the Environment. Rowman and Littleﬁeld, Boulder.
Dahly, D.L., Adair, L., 2007. Quantifying the urban environment: A scale measure of urbanicity outperforms the urban-rural dichotomy. Soc. Sci. Med. 64 (7), 1407–1419.
150

S.J. Hinners, J. Rose, D.-a. Choi et al.

Geography and Sustainability 3 (2022) 139–151

Radeloﬀ, V., Hammer, R., Stewart, S., 2005a. Sprawl and Forest Fragmentation in the US
Midwest from 1940 to 2000. Conserv. Biol. 19, 793–805.
Radeloﬀ, V., Hammer, R., Stewart, S., Fried, J., Holcomb, S., McKeefry, J., 2005b. The
wildland–urban interface in the United States. Ecol. Appl. 15 (3), 799–805.
Ravenstein, E.G., 1885. The laws of migration. J. Stat. Soc. 48 (2), 167–235.
Rose, J., 2019. Unsheltered homelessness in urban parks: Perspectives on environment,
health, and justice in Salt Lake City, Utah. Environ. Justice. 12 (1), 12–16.
Sandifer, P.A., Sutton, A.E., Ward, B.P., 2015. Exploring connections among nature, biodiversity, ecosystem services, and human health and well-being: Opportunities to enhance health and biodiversity conservation. Ecosyst. Serv. 12, 1–15.
Sinclair, R., 1967. Von Thünen and urban sprawl. Ann. Assoc. Am. Geogr. 57 (1), 72–87.
Stern, M.J., Powell, R.B., 2013. What leads to better visitor outcomes in live interpretation? J. Interpret. Res. 18 (2), 9–43.
Stewart, S.I., Radeloﬀ, V.C., Hammer, R.B., Hawbaker, T.J., 2007. Deﬁning the wildland-urban interface. J. For. 105 (4), 201–207.
Stoker, P., Rumore, D., Romaniello, L., Levine, Z., 2021. Planning and development challenges in western gateway communities. J. Am. Plann. Assoc. 87 (1), 21–33.
Swyngedouw, E., Heynen, N., 2003. Urban political ecology, justice and the politics of
scale. Antipode 35 (5), 898–918.
Theobald, D., 2001. Land-use dynamics beyond the American urban fringe. Geogr. Rev.
91 (3), 544–564.
Theobald, D.M., 2005. Landscape patterns of exurban growth in the USA from 1980 to
2020. Ecol. Soc. 10 (1), 32.
Turok, I., McGranahan, G., 2013. Urbanization and economic growth: The arguments and
evidence for Africa and Asia. Environ. Urban. 25 (2), 465–482.

United Nations, 2018. World Urbanization Prospects: The 2018 Revision. United Nations
Department of Economic and Social Aﬀairs, New York.
U.S. Census Bureau, 2010, revised to 2017. 2010 Urban Area FAQs: Urban
and Rural Deﬁnition. Retrieved from https://www.census.gov/programs-surveys/
geography/about/faq/2010-urban-area-faq.html (accessed 15 January 2019).
USDI, 2001. Urban wildland interface communities within vicinity of federal lands that
are at high risk from wildﬁre. Fed. Regist. 66, 751–777.
Wang, D., Brown, G., Liu, Y., 2015. The physical and non-physical factors that inﬂuence
perceived access to urban parks. Landsc. Urban Plan. 133, 53–66.
Wang, H., He, Q., Liu, X., Zhuang, Y., Hong, S., 2012. Global urbanization research from
1991–2009: A systematic research review. Landsc. Urban Plan. 104 (3–4), 199–309.
Weigand, M., Wurm, M., Dech, S., Taubenbock, H., 2019. Remote sensing in environmental justice research – A review. Int. J. Geo-Inf. 8 (1), 20.
West, G., 2017. Scale: The Universal Laws of Growth, Innovation, Sustainability, and the
Pace of Life in Organisms, Cities, Economies, and Companies. Penguin Press, New
York.
Wilson, A.G., 1968. Modelling and systems analysis in urban planning. Nature 220 (5171),
963–966.
Wolf, K.L., 2012. The changing importance of ecosystem services across the landscape gradient. In: Laband, D.N., Lockaby, B.G., Zipperer, W.C. (Eds.), Urban-Rural Interfaces:
Linking People and Nature. American Society of Agronomy, Soil Science Society of
America, Crop Science Society of America, Inc., Madison.
Xiao, Y., Wang, F., Liu, Y., Wang, J., 2013. Reconstructing gravitational attractions of
major cities in China from air passenger ﬂow data, 2001–2008: A particle swarm
optimization approach. Prof. Geogr. 65 (2), 265–282.

151

