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A projected 60% of the world’s population will live in urban areas by 2030. Urbanization has major impacts on
ecosystem services, and therefore human well-being, but not all groups within a community experience the
impacts of urbanization on ecosystem services the same. It is important for decision-makers to understand the
trade-oﬀs that occur with urbanization, as it relates to ecosystem services provision, as well as the perceptions of
importance of ecosystem services among a population. In this paper, we measured a) areas at environmental risk
due to urban growth, b) diﬀerences in societal demand for ecosystem services between socio-demographic
groups, c) perceptions of urban and agricultural impacts to ecosystem services, and d) public awareness of
current ecosystem services trends, in the Boise, Idaho, metropolitan area, one of the fastest-growing areas in the
United States. We applied urban growth projections to current land use-land cover, and found that agriculture is
at highest risk of conversion. We then conducted over 400 face-to-face survey, measuring whether perceptions
regarding ecosystem services from urban and agricultural land diﬀer between socio-demographic groups. We
found signiﬁcant diﬀerences regarding perceived importance of ecosystem services. The general public placed
higher importance on food production and alternative energy while experts placed higher importance on water
quality and recreation. Overall, respondents perceived that urban land use negatively impacts more ecosystem
services than agriculture land use. Urban areas were associated with positive impacts to local identity and
recreation, while agriculture was positively associated with cultural heritage and food production. Both urban
and agriculture land uses were negatively associated with water quality, air quality, and habitat for species with
urban land having greater, negative impacts. Our results indicate a need to incorporate social demand for
ecosystem services in urban planning, to ensure policy resilience and to appropriately address diverse perspectives.

1. Introduction
While urbanization occurs on a relatively small portion of the Earth,
the accompanying ecological footprint extends far beyond city boundaries (Alberti et al., 2003; Nelson, 2005). Urbanization, particularly
urban sprawl, decreases ecosystem biodiversity and resilience, and
lowers the overall potential to provide ecosystem services (ES), i.e. the
beneﬁts people derive from ecosystems (Marull et al., 2010; MEA,
2005; Niemelä et al., 2010). Urban expansion often outpaces population growth (Alberti et al., 2003; Seto et al., 2012), a concern elevated
by the United Nation’s projection that 60% of the world’s population
will live in urban areas by 2030 (Martine and Marshall, 2007). In this
⁎

“age of cities” (Choa, 2012) urban planning is necessary for ensuring
human well-being and environmental sustainability in the face of larger
issues like shifting population centers and climate change (Turkelboom
et al., 2017).
Urbanization is occurring especially rapidly in the western region of
the United States (Castro et al., 2018a), partially driven by amenityrelated migration. Historically resource-dependent rural areas in the
western region of the United States are experiencing a ﬂood of newcomers as people seek out homes in low-cost areas with high quality of
life (Brunson and Huntsinger, 2008; Hansen et al., 2002) provided by
natural amenities such as access to recreation, proximity to open space,
and scenic terrain (Hansen et al., 2002; Rasker and Hansen, 2000). The
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inﬂux of people leads to land use change and intensiﬁcation, and diversiﬁes previously homogenous landscapes (Acharya and Bennett,
2001), demographics and sociocultural goals and values (Decker et al.,
2015; Patterson et al., 2003). Understanding how land use-land cover
(LULC) change aﬀects highly valued ES is key to successful planning
and management of areas with high demand and often conﬂicting needs
(Castro et al., 2014; de Groot et al., 2010; López-Martínez, 2017;
Patterson et al., 2003; Requena-Mullor et al., 2018). Therefore, it is
critical to incorporate public perceptions and values as they relate to ES
in areas that are experiencing high levels of urban growth.
Examining the dynamics between cities and the natural environment from a social-ecological perspective allows for a holistic approach
to sustainable planning (Elmqvist et al., 2013; Kremer et al., 2016;
Martín-López et al., 2017; Reyers et al., 2013). Due to the complexity of
social-ecological systems, or the importance of interactions and feedbacks between social and ecological components, there is still a need to
present information in a way that is applicable and useful for decisionmakers (Alberti et al., 2003; Kremer et al., 2015; Quintas-Soriano et al.,
2018a; Ruckelshaus et al., 2015; Scholte et al., 2015). The Millennium
Ecosystem Assessment (2005) formulated the ecosystem services framework in order to systematically study social-ecological systems. The
Ecosystem Services Framework calls for the consideration of ecological,
economic, political, and sociocultural values in environmental planning, and how those values may be impacted by alternative management decisions (MEA, 2005). Researchers have since begun the process
of operationalizing the Ecosystem Services Framework into a comparison between the biophysical “supply” of ES and the “demand” for ES,
determined by economic and sociocultural valuation (Castro et al.,
2014, 2013; de Groot et al., 2010). However, the demand for ES is often
expressed using only economic valuation, falling short in capturing
social and cultural dimension of ES (Castro et al., 2015; Chan et al.,
2012; Daw et al., 2011; de Groot et al., 2010; Iniesta-Arandia et al.,
2014; Menzel and Teng, 2009; Plieninger et al., 2013).
Research on characterizing the demand for ES is growing, with researchers incorporating social preferences for, or perceived importance
of, ES as a proxy for demand (Castro et al., 2011; Daw et al., 2011; de
Groot et al., 2010; Martín-López et al., 2017) where valuation “includes
non-economic methods to analyze human preferences toward ecosystem service demand, use, enjoyment, and value in which moral,
ethical, historical, or social aspects play an important role” (Castro
et al., 2013). Traditionally, experts or inﬂuential stakeholders determine relevant sociocultural values but these may diﬀer signiﬁcantly
relative to the general public; recent research argues that the inclusion
of diverse sociocultural perspectives in planning improves policy resilience (Chan et al., 2016; Decker et al., 2015; Ostrom, 2009). Additionally, previous research shows signiﬁcant diﬀerences between
socio-demographic groups’ demand for ES, based on gender, level of
education, geography, and age (Castro et al., 2016a, 2016b; IniestaArandia et al., 2014; Martín-López et al., 2012).
Our overall objective was to characterize social demand for ES
based on urban growth projections in the Boise Metropolitan Area
(BMA), a small and rapidly-growing city in the western United States.
Our speciﬁc objectives were as follows: (1) Quantify change in current
land use-land cover due to urban growth in the Boise area (2) measure
diﬀerences in demand for ES between socio-demographic groups; (3)
measure perceived change in ES supply over last ten years; (4) measure
perceptions regarding impacts to ES by future urban and agricultural
scenarios; and (5) relate perceived trends with perceived impacts to ES
by future urban and agricultural scenarios.
2. Study area
The BMA is located in southwestern Idaho (Fig. 1) and encompasses
430,990 ha. The study area falls within the Snake River Plain, a semiarid region with temperatures ranging from 3.7 °C to 15.9 °C (WRCC,
2011). Precipitation averages 152-381 mm annually (McGrath et al.,

2002). The valley is primarily lowlands bordered by foothills along the
northeast, with elevation ranging from 640-850 meters (McGrath et al.,
2002). The natural landscape is characterized by sagebrush-steppe, a
mixture of big sagebrush (Artemisia tridentata), rabbitbrush (Ericameria
nauseosa), and grasslands comprised mainly of bluegrass (Poa secunda),
bluebunch wheatgrass (Pseudoroegneria spicata), and cheatgrass (Bromus
tectorum) (McGrath et al., 2002). Traditionally, the area is an agricultural stronghold of the Intermountain West due to the “rich agricultural soils” produced by sediment from the Bonneville Flood (Jones
et al., 2011), and extensive irrigation systems that date back to the late
19th century (Han et al., 2017; McGrath et al., 2002; Society, 1971).
The total annual market value of agricultural products in the region
amounts to $734,712,000 over an area of 150,000+ hectares (NASS,
2012).
The BMA is currently experiencing urban sprawl due to episodic,
rapid population growth and loose regulatory enforcement by local
governments (Dahal et al., 2016; Judd and Witt, 2014). The region is
characterized by low-density development, with an average of 4.14
people/square mile (compared to the national average of 87.4 people/
square mile) (U.S. Census Bureau, 2010). Urban land increased 15 times
between 1940 and 2014 relative to population increasing eight times
within the same period (Dahal et al., 2016). Development occurs primarily in agricultural areas due to topographic and land ownership
constraints (Dahal et al., 2017). The BMA is one of the fastest growing
regions in the country, with a 120% population increase between 1990
and 2015 (Bureau, 2015; Sharf, 2018). The area had a population totaling 673,548 in 2017, and is projected to continue growing due to the
low cost of living, high job growth rates, and quality of life (Bureau,
2017; Comen et al., 2015; Frey, 2012; Sharf, 2018).
3. Methods and Analysis
3.1. Projected urban expansion scenarios
We considered three urban growth scenarios that were generated by
a land use projection model (Sprague et al., 2017). The model was
founded on statistical logistic regression analysis with the dependent
variable being the development (or not) using measurements of a pixel
change from non-urban to urban use between the years 2001 and 2006
from the National Land Cover Dataset (NLCD). To model urban expansion we employed the following variables derived from various
publically available spatial data sources, including the U.S. Census, the
NLCD, and the Idaho Bureau of Land Management: distance to a
highway, distance to a body of water, distance to an urban center, the
population within a given census block group, the percentage urban
build up within a census block group, and protected lands. Based oﬀ
these characteristics of our units of observation, the ﬁrst part of the
statistical model determined a spatial probability map showing the
probability that a certain location will be converted to an urban use/
cover. We validated the model by generating predictions of land use
change from 2006 to 2011 (using the model generated from the 2001 to
2006 time-step), and comparing predicted land use in 2011 with observed land use from the NLCD, 2011 dataset. Model accuracy was
93.23%. We then projected urban growth for each decade to 2050
based on scenarios that focused on two main drivers of urban expansion: (1) urban population change and (2) population density (i.e. the
degree of concentration of population within an urban area). For this
paper, we present only the scenarios of population density, since population density is a factor that can be inﬂuenced by land use policy
(e.g. zoning laws). Our three diﬀerent scenarios were: Business as
Usual, Low Density, and High Density. The Business as Usual scenario
used a population density of 4.14 people/acre, which was based on
population density calculated for the study region using the average
between 2001–2011. The Low Density (3.78 people/acre) and High
Density (5.41 people/acre) scenarios were calculated from trends observed in other western cities starting from the time they were the same
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Fig. 1. The location of the study area in Idaho, USA and major land use-land cover types (NLCD, 2011).

current population as the study area. These three scenarios used a midrange population projection of 1.5 million people by 2100, which represents a conservative estimate of future population growth compared
to projections completed by regional and state groups (Miller, 2013;
Petrich, 2016). The outputs of the urban growth projections can be
found in Sprague et al. (2017) and a direct link to the metadata can be
found at: https://scholarworks.boisestate.edu/cgi/viewcontent.cgi?
ﬁlename=0&article=1024&context=miles_data&type=additional.
Using ArcMap 10.5, the three density-driven urban growth scenarios in
2050 were overlaid upon the 2011 National Land Cover Dataset (NLCD)
to measure what LULC would be lost due to urban growth. LULC categories were simpliﬁed to capture major existing types present in the
study area. Our ﬁnal categories of LULC loss included: urban (NLCD
classes, forested (NLCD classes, rangeland (NLCD classes 52 and 71),
and agriculture (NLCD classes).
3.2. Questionnaire design and sampling strategy
We conducted over 400 face-to-face surveys from mid-June to
August 2016 using convenience sampling across the BMA. Following
Castro et al. (2016a), the survey gathered information about (1) perceived importance and vulnerability of ES, (2) perceived impacts from
future land use scenarios on ES, and (3) socio-demographic data including age, level of education, occupation, annual household income,
political ideology, ethnic background, length of residency, and place of
residency. We prefaced our survey with an introduction to our study
using plain language. For instance, rather than introducing and deﬁning
the term “ecosystem services” we referred to “contributions to people
provided by the environment.” To facilitate understanding by respondents we used photograph panels to illustrate the location of the
study area, the variety of ES, and land use scenarios (Castro et al.,
2016b) (Appendix A).

Over 30 sampling locations were visited including high pedestrian
traﬃc locations where many people are easily accessible for conducting
our survey (e.g. Department of Motor Vehicles and public libraries),
public events (e.g. farmer’s markets and free concerts), and recreation
areas (Fig. 1). Respondents at these locations were asked to participate
in the study and to respond to a questionnaire related to environmental
issues in the BMA. We informed them that all responses were anonymous, that we just wanted to know their opinions, and that there were
no right answers (Castro et al., 2016b). We had no contact with any of
the interviewees in advance of our surveys. In order to capture the
knowledge of local residents about land use changes in the valley, only
respondents who identiﬁed as residents were considered for this analysis, amounting to 392 observations. Table 1 shows demographic information for survey respondents compared to the study area’s population (U.S. Census Bureau, 2015). While overall the sample aligns
fairly well with the demographics of the community, the sample is
underrepresented in age group 75+, Asian Americans, and Hispanic/
Latino people. The sample is overrepresented in age group and black or
African American people.
3.3. Perceived ecosystem service importance and vulnerability
To gauge perceived importance and vulnerability of ES, we showed
respondents a panel of 11 ES, each represented by a picture and short
deﬁnition (see Appendix A). Those 11 ES were selected based on their
importance in the study area and their vulnerability, as determined by a
pre-survey with a multidisciplinary group of professors (Castro et al.,
2016a). From these 11 ES, we asked respondents to rank the four ES
they viewed as most important for regional human well-being, followed
by an explanation for why they chose each ES as most important. Then,
for each of the chosen ES, respondents were asked whether they perceived the ES supply trend over the last ten years as decreasing,
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Table 1
Survey participant demographics compared to BMA population.
Survey Participants

Boise Metro
Area*

Gender (n = 371)
Female
Male

49.6%
50.4%

50.2%
49.8%

Age (n = 390)
18 to 24
25 to 34
35 to 44
45 to 54
55 to 64
65 to 74
75+
Median age

10.3%
21.3%
15.1%
16.7%
22.6%
12.1%
2.1%
47

12.4%
19.3%
18.8%
17.6%
15.4%
9.9%
6.6%
34.3

85.8%
2.9%
0.8%
0.8%
0.3%

81.0%
0.9%
0.7%
2.1%
0.2%

6.6%
2.9%

13.1%
2.0%

18.5%
17.1%
20.6%
23.4%
20.3%

17.6%
22.9%
19.7%
23.3%
16.6%

Race and Ethnicity (n = 379)
White (non-Hispanic)
Black, African American
Native American
Asian American
Native Hawaiian or other Paciﬁc
Islander
Latino or Hispanic
Other
Income (n = 286)
Under $20,000
$20,000 to $39,999
$40,000 to $59,999
$60,000 to $99,999
$100,000 and above

* 2015 American Community Survey 5-year estimates.

increasing, stable, or they don’t know (“I don’t know” responses were
excluded from analysis). ES perceived importance was coded as 0 = not
chosen, 1 = least important, 2 = somewhat important, 3 = very important, and 4 = most important. Perceived supply trend is coded as
−1 = decrease, 0 = stable, 1 = increase. For analysis we estimated
the average perceived importance and trend for each ES (Castro et al.,
2016a). The two-sample Wilcoxon rank-sum test was used to compare
perceived importance and perceived supply trend between socio-demographic groups. All data analysis was conducted using Stata 15.0.
The socio-demographic variables included in analysis were occupation (coded as expert and non-expert), gender, education, and political ideology. Common socio-demographic variables, such as race and
ethnicity and income, were excluded due to both low sample sizes and
respondents preferring not to answer those questions. All socio-demographics were coded using dummy variables in order to test between
groups using the Wilcoxon rank-sum test. Occupation was coded as
expert where 1 = resource specialists (e.g. wildlife biologists, air/water
quality specialists, etc.) from state/federal land management agencies
and 0 = general public. Gender was coded as 1 = female and 0 =
male. To assess education we asked “What is the highest level of school
you have completed or the highest degree you have received?” (options
listed in Appendix A). Level of education was then coded as 0 = up to
bachelor’s and 1 = bachelor’s or above. Political ideology was measured using a liberal-conservative scale, and was coded as 1 = conservative and 0 = liberal (Hamilton et al., 2014). Age is split into
quartiles to test for diﬀerences between the youngest and oldest age
groups using two separate group tests. To test for diﬀerences between
the youngest quartile of the sample, 1 = 0 = for the oldest quartile,
1 = and 0 = (Martín-López et al., 2012). Length of residency is 1 =
long-term residents and 0 = shorter-term residents. Smith and
Krannich (2009) suggest using the last wave of population growth as
the determinant for diﬀerentiating between long-term and shorter-term
residents. In our case, a long-term resident is a respondent living in the
area for 15 years or more.

3.4. Perceived impacts to ecosystem services by future urban expansion
Following the design used by Quintas-Soriano et al. (2016), we
asked respondents whether or not diﬀerent future LULC types in the
BMA will impact the beneﬁts we derive from the BMA landscapes. We
showed them a panel of LULC types (i.e. urban and agriculture) and
asked them to identify up to two, if any, ES that will be positively
impacted, and up to two, if any, ES that will be negatively impacted. We
then asked respondents to assign an intensity score of each LULC ranging from [1] being the minimum impact and [10] being the maximum
impact (Castro et al., 2016a). ES not chosen as positively or negatively
impacted were not included in the analysis. Welch’s t-tests were used to
compare perceived impacts between urban and agricultural land using
the summed estimated impacts to individual ES (range −10 to 10).
3.5. Relating perceived ecosystem service trends to land use-land cover
impacts
To test the relationship between perceived LULC impacts and perceived ES trends, a linear regression was applied for both urban and
agricultural scenarios. Variables were coded as described above, with
perceived LULC impacts being the independent variable, and perceived
ES trends being the dependent variable.
4. Results
4.1. Projected changes in land use from urban growth
Our urban growth scenarios indicated that urban land will increase
between from 2011 to 2050, which corresponds to an 87,700113,800 ha increase (Fig. 2). Urban land will replace agriculture,
forested areas, and sagebrush-steppe, with the largest losses in agricultural areas. Agriculture loss ranges by 2050, amounting to 30,60052,000 ha. Forested areas will also be impacted by urban development,
losing between of current forests. Sagebrush-steppe remains relatively
unchanged with losses between (5,290-8,870 ha), largely due to much
of it being protected under diﬀerent levels of public ownership.
4.2. Perceived importance of ecosystem services
Respondents valued some ES more than others (Fig. 3). Overall,
provisioning ES received higher average rankings while cultural ES
averaged lower rankings. Food production was the most frequently
chosen and highest ranked ES (mean = 1.44)), followed by water
quality (mean = 1.20), and freshwater provision (mean = 1.19). The
three lowest ranked ES were cultural heritage (mean = 0.36), climate
regulation (mean = 0.37), and local identity (0.40). Recreation and
habitat for species were frequently chosen (51% and 47% of respondents, respectively) but ranked lower (mean = 1.19; 1.13, respectively).
We tested if diﬀerent socio-demographic groups in our sample valued ES diﬀerently. We found statistically signiﬁcant diﬀerences between groups based on length of residency, level of education, political
ideology, and gender (Table SI-1). University-educated respondents
placed lower importance on alternative energy (mean = 0.93 relative
to 1.48 mean for non-university-educated respondents). Liberals placed
higher importance on climate regulation (mean = 0.56) relative to
conservatives (mean = 0.17). Women placed higher importance on air
quality (mean = 1.32) relative to men (mean = 0.89). Both shorterterm and university-educated respondents placed higher importance on
recreation (mean = 1.39 and 1.36, respectively) relative to long-term
residents and non-university-educated respondents (mean = 1.02 and
0.97, respectively). The general public ranked food production and
alternative energy higher than experts, while experts ranked water
quality, recreation, and freshwater provision higher than the general
public (Fig. 3).
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Fig. 2. Projections for urban expansion under three diﬀerent scenarios (High Density, Business as Usual, and Low Density) up to 2050. The High Density scenario
captures development projected to occur under all three scenarios. The Business as Usual scenario captures development projected to occur under both the Business
as Usual and Low Density scenarios. The Low Density scenario captures only the development projected in the Low Density scenario.

4.3. Perceived ecosystem service trends
Habitat for species, air quality, and food production were perceived
as the three ES most vulnerable in the study area – half or more of
respondents considered them as decreasing over the last ten years
(Fig. 4). Water quality and climate regulation were also perceived as
decreasing, while recreation, alternative energy, and local identity were
all perceived as increasing. Water regulation and freshwater provision
were perceived as stable. We tested for diﬀerences between socio-demographic groups with regards to perceived vulnerability, and found
statistically signiﬁcant diﬀerences between experts and the general
public regarding regulating ES (Table SI-2). Experts perceived climate
regulation as decreasing or stable (mean = -0.67) while the majority of
the general public perceived it as increasing or stable (mean = 0.06).
All experts perceived habitat for species as decreasing (mean = −1.00)

whereas a little over half of the public perceived it as decreasing (mean
= −0.42). We also found a signiﬁcant diﬀerence between universityeducated respondents and others for food production. University-educated respondents perceived food production as stable (mean = 0.00)
while the majority of non-university-educated respondents perceived it
as decreasing (mean = −0.46).

4.4. Perceived impacts of urban and agricultural scenarios to ecosystem
services
The future urban scenario was perceived as having higher overall
negative impacts to ES (mean = −1.97) compared to the agriculture
scenario (mean = −0.36). For individual ES (Fig. 5), agriculture was
perceived as having a negative impact to local identity and a positive
impact on food production, while impacts by urban land on those same
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Fig. 3. Wilcoxon rank-sum test comparing average ES social importance ranking (on a scale of where 4 is the most important) between experts and the general public.
Signiﬁcant diﬀerences indicated by asterisks (* < .05; ** < .01). ES listed from most important to least important by overall rankings.

ES were the opposite. Both urban and agriculture scenarios were perceived as positively impacting cultural heritage, with agriculture
having higher positive impact. Both urban and agriculture were perceived as negatively impacting habitat for species, air quality, and
water quality, with urban land having higher negative impacts to all
three.

4.5. Relating perceived ecosystem service trends to urban impacts
We found a strong positive correlation between perceived ES trends
and urban impacts to ES (R2 = 0.838) (Fig. 6). Habitat for species, air
quality, water quality, food production, freshwater provision, and climate regulation were perceived as decreasing and negatively impacted
by a future urban scenario, while alternative energy and local identity
were perceived as increasing and positively impacted.

5. Discussion
5.1. Urbanization impacts to highly-valued ecosystem services
In this study we (1) generate future scenarios of urban growth and
agricultural land loss by 2050, and (2) measure people’s perceptions of
how urbanization will aﬀect ES provisioning. Our urban growth scenarios indicated there will be a continued transition from an agricultural-dominated landscape to an urban-dominated area.
Furthermore, our survey results indicate that people highly value ES
that are particularly vulnerable to urbanization impacts including food
production, water quality, water provision, and habitat for species. For
instance, air quality is negatively impacted by urbanization, speciﬁcally
by increased transportation emissions (Bai et al., 2017; Xu et al., 2016)
and decreased ability of the environment to purify the air (Xu et al.,
2016). This is particularly true in our study area, which regularly experiences degraded air quality (Guilhem, 2018; Moeller, 2017). The
likelihood of increasing frequency of human-caused wildﬁres coupled
with anticipated changes in the climate also threaten air quality,
alongside other ES like recreation, habitat for species, and water quality

Fig. 4. Perceived vulnerability of ES where respondents chose whether they perceived the ES as decreasing, increasing, or stable over the last ten years.
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Fig. 5. Welch’s to compare overall perceived positive or negative impacts to ES by urban and agriculture scenarios. Signiﬁcant diﬀerences between land uses
indicated by asterisks (* < .05; ** < .01; *** < .001).

(Hawbaker et al., 2013; Nelson et al., 2013; Westerling et al., 2006). In
addition, the increase of household runoﬀ and impermeable surfaces
coupled with the loss of natural vegetation that accompanies urbanization may lead to deterioration in water quality in the region (Bai
et al., 2017; Pataki et al., 2011). Urban development can increase
stream temperatures via increased air temperature, decreased water
quantity, and heated discharge/runoﬀ (Coles et al., 2012; O’Driscoll
et al., 2010; Spanjer et al., 2018), leading to lower species richness and
decreased productivity for ﬁsh species (Spanjer et al., 2018). Other
impacts to wildlife include decreased species richness and productivity
for bird species (Gagné et al., 2016; Meyrier et al., 2017).
5.2. Changing demands for ecosystem services
Another key challenge with regards to rapid urbanization is that the
demand for ES changes as the population becomes larger and more
diverse (Bagstad et al., 2014; Nelson, 2005). Previous research suggests
that perceived importance of ES and concern for ES vulnerability may
vary based on a range of socio-demographic factors (Castro et al., 2011;
Dunlap et al., 2000; Giﬀord and Nilsson, 2014). In our study area, we
found signiﬁcant diﬀerences, in terms of what ES are valued, among
socio-demographic groups based on age, education, political ideology
and gender. For example, our results showed signiﬁcant diﬀerences

among age groups for provisioning ES. Older respondents ranked
freshwater provision higher and younger respondents ranked food
production higher. Literature regarding diﬀerences in preferences based
on age are conﬂicting (Johnson et al., 2004a,b; Liu et al., 2014; Shen
and Saijo, 2008). Some studies demonstrate that younger people hold
greater environmental concern, potentially due to a generational shift
towards biocentric views over anthropocentric views (Jones et al.,
2003) or increased education (Liu et al., 2014). Other studies suggest
that younger people hold lower environmental concern, potentially due
to an increased belief that technology can solve environmental problems, for example climate change or exposure to pollution (Liu et al.,
2014; Shen and Saijo, 2008). In terms of education, previous research
has found that higher level of educations generally correspond to
greater environmental concern (Dunlap et al., 2000; Giﬀord and
Nilsson, 2014; Kollmuss and Agyeman, 2002), likely due to increased
knowledge or awareness (Dunlap et al., 2000; Kollmuss and Agyeman,
2002; Liu et al., 2014). Our results supported this ﬁnding, with university-educated respondents generally ranking indirect and cultural ES
higher than direct ES. Our results also supported literature demonstrating greater environmental concern by liberals relative to conservatives (Dunlap et al., 2000; Hamilton et al., 2014; Liu et al., 2014).
Overall, liberal respondents placed higher importance on regulating ES
including climate regulation, which conservatives attributed lower

Fig. 6. Scatterplot displaying relationship between perceived ES trends (range from -1 to 1 where −1 is decreasing, 0 is stable, and 1 is increasing) and perceived
impacts to ES by urban land (range from −10 to 10).
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importance. This might be due to conservative ties to business and industry, which generally oppose environmental regulations, or greater
acceptance of change by liberals (Dunlap et al., 2000; Liu et al., 2014;
Shen and Saijo, 2008). Finally, with respect to gender diﬀerences, we
found that relative to males, females attributed higher overall importance to air and water quality, a ﬁnding supported by other studies
evaluating environmental concern (Brehm et al., 2013; Johnson et al.,
2004a; Shen and Saijo, 2008; Vaske et al., 2001). While theorizing on
such diﬀerences needs greater attention in scholarly literature, gender
diﬀerences have been attributed to broad structures including neoliberalism and patriarchy, and can have important social and psychological consequences (Huddart Kennedy and Dzialo, 2015).
5.3. Implications for urban planning
There is a need to incorporate the preferences and opinions of the
local population in land use planning in urban areas, which have an
increasingly large global footprint and a growing proportion of the
human population (Corfee-Morlot et al., 2011). For example, our results
indicated that residents of the BMA place high importance on direct ES
like food production and air quality, cultural ES like recreation, and
water-related ES like freshwater provision and water quality (QuintasSoriano et al., 2018a). The supply of these ES is directly inﬂuenced by
land use policies (Requena-Mullor et al., 2018). Preserving agricultural
land via zoning policies or agricultural easements not only preserves
the food production ES, but can positively inﬂuence other ES in high
demand such as cultural heritage, wildlife habitat and open space, and
maintaining a landscape that many consider visually appealing (Arriaza
et al., 2004; Daniels, 2000; Harvey and Works, 2002; Kaplan et al.,
2006; Unger and Thompson, 2013). Urban planning that develops
public transit networks can decrease traﬃc, thus stemming the degradation of air quality (Barton, 2009). Mixed use zoning has been
shown to encourage heterogeneous landscapes (including parks, community gardens, etc.) supplying a wide range of ES (Bolund and
Hunhammar, 1999; Lovell and Taylor, 2013), including additional recreation opportunities, habitat for wildlife, and higher air and water
quality (Jansson, 2013; Niemelä et al., 2010).
We found that respondents in our study area have a strong awareness of how urbanization impacts ES. However, while comprehensive
planning is in place for some cities, development typically falls in favor
of business owners and developers (Witt et al., 2010). Successfully
planning for expected urbanization requires balancing between ES demand and ES supply (Alberti et al., 2003; Daily, 2009; Kremer et al.,
2016). In this context, we found especially interesting our result that
there are signiﬁcant diﬀerences in what ES are valued by the general
public and experts. For example, our results showed that the general
public placed higher importance on directly beneﬁcial ES like food
production and alternative energy, while experts highly valued indirect
beneﬁts like water quality and recreation. In addition, the diﬀerence in
rank of alternative energy between the general public versus experts
indicates it may not be a priority for experts, but there’s a supportive
public. This disconnect would likely have implications for land use
policy that attempts to incorporate ES values, because land use policies
that are developed by experts may not reﬂect the values of the general
public. Our results also suggest that experts are not eﬀectively communicating with the general public (Quintas-Soriano et al., 2018b).
There might be speciﬁc environmental concerns related to ES like water
quality and habitat for species that the general public is unaware of,
and consequently does not prioritize (Dunlap et al., 2000; Kollmuss and
Agyeman, 2002).
Respondents in our study did not rank climate regulation as an
important ES, and did not perceive climate regulation as a vulnerable
ES. Despite the negative correlation urbanization has with climate
regulation, cities arguably hold greater power than other governance
structures to adapt and mitigate to climate change, and there is a
growing call to hold cities responsible for planning and developing in

ways that account for probable risks and opportunities associated with
climate change (Carter et al., 2015; Jabareen, 2013). Increased integration between educational institutions, non-proﬁt organizations,
and managing agencies can help to identify practicable solutions for
including climate regulation considerations in urban planning, for example by building green infrastructure, transitioning resource industries, and protecting vulnerable populations (Carter et al., 2015;
Corfee-Morlot et al., 2011; Jabareen, 2013).
5.4. Results in the context of the global literature on ES perceptions
The measurement of ES perceptions is an increasingly common
approach to help land managers and planners understand how people
value, use, and modify the land (Quintas-Soriano et al., 2016; Castro
et al., 2014; Martín-López et al., 2012), and has emerged as a key tool to
incorporate multiple knowledge types, ensure that management decisions consider diﬀerent voices, and build consensus among diﬀerent
stakeholders (Hauck et al., 2016). Our study is the ﬁrst that we know of
to use our framework to measure ES perceptions in a rapidly-urbanizing
region of the American West, and our results show similar patterns
when compared to other sites around the world. Water-related ES are
often chosen as important (Castro et al., 2016a, 2011; Martín-López
et al., 2012; Quintas-Soriano et al., 2016), and cultural ES like cultural
heritage and local identity are often ranked lower (Castro et al., 2016b,
2011; Martín-López et al., 2012; Quintas-Soriano et al., 2016). Similar
to other studies, respondents in our study area negatively associated
habitat for species, air quality, and water quality with urban contexts,
and positively associated recreation and local identity with urban
contexts (Brown and Brabyn, 2012; Quintas-Soriano et al., 2016). As in
our study area, agricultural land use is frequently positively associated
with cultural heritage (Brown and Brabyn, 2012) and negatively associated with regulating ES such as water and climate regulation
(Quintas-Soriano et al., 2016).
5.5. Limitations
While the ﬁndings of this research can importantly inform policy
making and land use planning, this research comes with limitations.
First, respondents were asked to form on-the-spot opinions regarding
their attitudes towards sometimes abstract concepts (Scholte et al.,
2015). This may inﬂuence the bias towards provisioning and regulating
ES, above cultural ES. Second, results may also be skewed due to asking
respondents to rank only four of the 11 ES rather than all of them. In
reviewing overall responses, it appears people often resorted to
choosing direct ES, citing necessity. While this method was intended to
simplify and shorten response times, it may have ultimately reduced
our ability to accurately explore mismatches between individual ES.
Third, our sampling strategy also likely inﬂuenced results obtained. We
deﬁned the population of interest as “people residing in the BMA.”
However, we conducted convenience sampling rather than representative sampling. This poses issues in generalizing our sample to
represent the population of interest (Groves, 2004). In addition, the
experts surveyed were primarily from land management agencies and
may have a preference for ES derived from more natural landscapes (i.e.
forested and sagebrush-steppe) than those derived from anthropocentric landscapes (i.e. agricultural land and urban areas) (Strumse,
1996). For instance, the more highly valued regulating ES such as water
quality and habitat for species are generally associated with forested or
sagebrush steppe areas. Experts also have a tendency to value ES related
to their expertise (García-Llorente et al., 2012; Scholte et al., 2015). We
surveyed professionals working directly with air and water quality issues (Department of Environmental Quality) and habitat for species
(Idaho Fish and Game). Finally, due to the sample size we were unable
to conduct regression analysis, controlling for confounding variables in
the analysis for objectives two through four. Thus, it is possible that the
ﬁndings related to socio-demographic variables are limited. Future
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research could modify the approach used here to address these concerns
and gather a larger sample size, in order to further assess the preferences for ES, and the relationships between these preferences and
future projections.
6. Conclusion
As emphasized by the international programme “Future Earth:
Research for Global Sustainability” (Castro et al., 2018b: MuñozErickson and Cutts, 2016), there is an urgent need for new science to
respond to the urgent challenges of global sustainability (Balvanera
et al., 2017). Urbanization is a global phenomenon that forces urban
planners, land managers, decision-makers, and scientists to consider
balancing the demands of the world’s population with environmental
sustainability. The demand for ES is likely to change as populations
shift, consequently impacting ES supply, both in terms of its source and
delivery. This study demonstrates that in the BMA there is likely a
conversion of lands associated with valued ES (particularly agriculture,
wetlands, and forested areas) towards urbanization. There are many
ways for cities to successfully manage for a wide variety of ES in the
face of rapid urbanization by implementing and enforcing city-regional
level regulatory measures. Accounting for this change in demand and
supply of ES will better prepare leaders at various levels (local, regional, national, and international) when faced with large-scale problems likely to occur with predicted climate change. This study supports the need of partnering with policy makers and social actors to coproduce knowledge that is useful and credible (López-Rodríguez et al.,
2015).
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