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a b s t r a c t
Many communities located in natural resource rich landscapes have transitioned to tourism-based economies.
This transition might not be sustainable, as climate and environmental change have unknown effects on the
visitation patterns of outdoor recreationists and tourists. We address this uncertainty by estimating shifts in
the demand for outdoor recreation destinations along Minnesota's North Shore region of Lake Superior under
a range of projected climatic and environmental conditions. We also employ a ﬁnite-mixture modeling approach
to capture the preference heterogeneity across North Shore visitors. Our ﬁndings indicate projected climate and
environmental changes are not likely to signiﬁcantly affect visitation patterns in the next 20 years. However,
utilizing a ﬁnite-mixture modeling approach enabled us to identify distinct types of visitors with divergent
visitation behaviors under altered climate and environmental conditions. Our ﬁndings suggest that the demand
for outdoor recreation along the North Shore will be relatively stable in the near future, however different types
of visitors will respond to warming winter conditions in divergent ways. Shifting visitation patterns under
climate and environmental change may have more drastic alterations to the economic well-being of the region
under a longer planning horizon.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction
The economies of many small, northern latitude communities have
become increasingly dependent upon the outdoor recreation industry
over the past 30 years (Beesley et al., 2003). This economic restructuring
commonly involves a transition away from extractive industries like agriculture, forestry and mining and is a reciprocal effect of the global
economy being driven less and less by commodity production and
manufacturing (McCarthy, 2008; Woods, 2007). Most small, northern
latitude communities have been well positioned to navigate this transition, as the landscapes surrounding them tend to be highly valued for
outdoor recreation (McGranahan, 1999; McGranahan et al., 2010). For
example, the Northern Forest in the Northeastern US has transitioned
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from being used primarily for timber production to supporting a diverse
range of outdoor recreation activities, such as downhill and cross country skiing, snowshoeing, snowmobiling and sledding that are in high demand from urban populations along the East Coast. In a similar example,
the mineral rich and remote landscapes of northern Minnesota provide
a host of relatively pristine outdoor recreation settings that are highly
valued by the growing metropolitan areas of Minneapolis–St. Paul and
Duluth.
While the shift from extraction- to amenity-based economies promises a lot of economic reward, it also comes with substantial risk
(Jackson-Smith, 2003; Rothman, 1998). The landscapes that provide
high quality outdoor recreation opportunities are highly variable
ecological systems that can adversely respond to exogenous shocks
and stressors such as changes in regional climatic conditions. This fact
has given some community residents pause as to whether or not outdoor recreation based economies are sustainable (Slemp et al., 2012;
J.W. Smith, Moore, Anderson, & Siderelis, 2012). Without a clear,
scientiﬁcally-grounded understanding of how outdoor recreation systems will respond to climate and environmental change, local residents
will remain unable to make strategic long term planning and policy
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decisions that maintain or improve their current levels of economic
well-being and conserve the natural landscapes upon which they
depend.
The primary purpose of this paper, therefore, is to estimate shifts in
the demand for outdoor recreation destinations under a range of
projected climatic and environmental conditions that capture the
uncertainty in future emissions trajectories; we do this through a traditional travel cost model. We also attempt to capture the taste and preference heterogeneity of outdoor recreationists and tourists through a
ﬁnite-mixture modeling approach, an approach that allows for a better
characterization of visitors' contingent trip-taking behaviors. Our study
is focused on outdoor recreation destinations along Lake Superior's
North Shore in northern Minnesota, USA (Fig. 1). The region lies just
east of the Mesabi Iron Range, and its small communities are typical of
many in the northern latitudes that are currently facing uncertainty
over how climate change will impact the outdoor recreation systems
upon which their economies depend.
2. Related Literature
2.1. The Effects of Climate Change on the Demand for Winter Outdoor
Recreation
The outdoor recreation industry will be affected by changing climatic conditions (Berrittella et al., 2006; Scott, Amelung, et al., 2008a). Observed effects, based on historical visitation, climate and environmental
data, include shifts in both the magnitude (Fukushima et al., 2002; L. C.
Hamilton et al., 2007; Palm, 2001; Pickering, 2011) and seasonality
(Amelung et al., 2007; Buckley and Foushee, 2012; Scott et al., 2004)
of visitation. Despite the logical correlation between visitation and climate/environmental conditions, only a relatively small number of studies have attempted to quantify the effect of climate change on the
demand for outdoor recreation opportunities. Even fewer studies have
projected the demand for outdoor recreation opportunities into the future under variable rates of climate change; a task that is particularly

difﬁcult given projected climate and environmental conditions are
often well outside of historical ranges.
Among the research which has quantiﬁed the effect of climate
change on the demand for outdoor recreation opportunities, a large majority has focused on winter activities that are intuitively more vulnerable to increases in temperature and more variable precipitation and
snowfall rates (Verbos and Brownlee, 2015). The ski industry, in particular, has been the focus of several notable studies. Beaudin and Huang
(2014) found the closure of ski resorts in the northeastern US over a
38 year period was signiﬁcantly related to annual snowfall levels. As
would be logically expected, ski resorts with lower than average annual
snowfall levels were more likely to shut down in any given year, even
after controlling for resort size and snowmaking capabilities. Several
other studies have found a direct correlation between visitors' demand
for skiing and snowpack levels. Palm (2001) estimated that ski resorts
in New Hampshire and Vermont experience nearly three-quarters of a
million fewer visitors in years with abnormally low snowfall. Relatedly,
Hamilton and his colleagues (2007) found the amount of snowfall in
metropolitan areas adjacent to ski destinations in the northeastern US
was positively and signiﬁcantly related to daily visitation rates at
those destinations. Similar strong correlations between visitation rates
(most commonly measured as daily counts at ski resorts) and snowfall
have been found in Australia (Pickering, 2011), Austria (Elsasser and
Burki, 2002), Canada (Scott et al., 2003), Japan (Fukushima et al.,
2002), and Scotland (Harrison et al., 1999). Two simulation-based studies in Italy (Balbi et al., 2013) and the Pyrenees (northern Spain, southern France and Andorra) (Pons et al., 2014) have projected the demand
for skiing into the future under variable rates of climate change using
downscaled climate models; both studies suggest demand will likely
see declines proportional to reductions in snowfall unless artiﬁcial
snow production is used.
Another substantial body of research has focused speciﬁcally on
northern latitude coastal recreation. This research has consistently
found a positive and signiﬁcant correlation between temperatures and
summer visitation levels. As summer temperatures have risen, so too

Fig. 1. The North Shore of Lake Superior.
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has the demand for beaches (Coombes et al., 2009) and coastal tour
charters (Jorgansen and Solvoll, 1996). The study by Coombes and her
colleagues (2009) is particularly noteworthy as it estimated changes
in beach visitation as a function of beach widths, monthly mean temperatures and monthly mean precipitation levels derived from three future
GHG emission scenarios (Hulme et al., 2002). Their study suggests visitation to beaches in the UK will increase in the winter months, albeit at
substantially smaller proportions relative to projected visitation increases during the summer months when demand is at its highest.
2.2. Heterogeneous Responses in Travel Behavior to Climate and
Environmental Change
One of the primary difﬁculties in developing valid estimates of contingent outdoor recreation demand under altered climate and environmental conditions is the heterogeneous tastes and preferences of
outdoor recreationists and tourists (Scott, Amelung, et al., 2008a). Heterogeneous preferences likely include variation in desirable climate
conditions; a destination's climate has been consistently found to be a
major driver in tourists pre-trip decision making (Gómez Martin,
2005; Gössling et al., 2006; J.W. Hamilton and Lau, 2005; Kozak,
2002). Several recent studies using on-site survey data have illustrated
this point, ﬁnding different types of tourists have different preferences
for destinations' weather conditions. Førland and his colleagues
(2013) found visitors to northern Norway had highly variable preferences for temperature as well as precipitation, cloudiness and visibility
levels during their trip to the region. A likely source of preference heterogeneity is differences in visitors' origin, as supported by several empirical studies (Denstadli et al., 2011; Limb and Spellman, 2001;
Lohmann and Kaim, 1999; Scott, Amelung, et al., 2008a). Visitors from
different origins may even have distinct biophysical tolerances for the
weather conditions (Meze-Hausken, 2007, 2008).
Preference heterogeneity may also be attributable to the variable
psychological and social meanings visitors ascribe to a destination
(Davenport et al., 2010). Smith and his colleagues have found these
“place meanings” to be signiﬁcantly related to trip-taking behavior
across a variety of recreation destinations (J.W. Smith and Moore,
2012; J.W. Smith et al., 2010). As climatic changes alter local resource
conditions, visitors who hold a strong afﬁnity towards the location
would presumably be more willing to keep coming, regardless of the
severity of change. Additionally, the risk associated with a recreation
destination may be a source of variable preferences. Perceived risks
associated with skill-based recreational activities (e.g., rock climbing;
Shaw and Jakus, 1996) or with environmental hazards (e.g., forest
ﬁres; Englin et al., 1996; algal blooms; Fleming and Cook, 2008) have
been implied or explicitly modeled in several previous recreation demand studies. Perceived risk has negatively affected demand across
these studies. We assume logically, that as the risk perceptions associated with a destination increase, individuals would be more averse to visiting. In this study, we explicitly attempt to control for these likely
sources of heterogeneity by measuring both the meanings individuals
ascribe to the North Shore region and the level of risk they associate
with altered climate and environmental conditions.
With potentially dramatic changes to the economies of small,
amenity-rich communities under altered climate and environmental
conditions and the high degree of variability in individuals' preferences
for outdoor recreation opportunities, this research set out to accomplish
two goals. The ﬁrst and primary goal is to estimate shifts in the demand
for outdoor recreation under a range of projected climatic and environmental conditions that capture the uncertainty in future emissions
trajectories. The second goal is to attempt to capture the taste and
preference heterogeneity of outdoor recreationists and tourists through
a ﬁnite-mixture modeling approach. Finite-mixture models offer a more
ﬂexible solution to better capture the full density of observed and contingent trip counts reported by visitors. Capturing and quantifying preference heterogeneity has been a long-standing challenge for recreation
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economists; ﬁnite mixture models offer one solution that, as we will illustrate, can lead to a better understanding of the variability inherent in
visitors' behavioral responses to environmental change.
3. Methods
3.1. Study Area: The North Shore of Lake Superior
Minnesota's ‘North Shore’ is a region along the coast of Lake Superior
characterized by small communities, composed of traditional infrastructure (e.g., schools, libraries, grocery stores, medical centers, etc.)
and locally owned businesses that accentuate the tourism industry
(e.g., restaurants, lodges and gift shops). Nature-based recreational
amenities are plentiful, including eight state parks located along Minnesota State Highway 61, a nationally designated All-American Road, and
the Lake Superior Hiking Trail; the area also serves as the “gateway” into
Grand Portage National Monument (National Park Service) and the
Boundary Waters Canoe Area Wilderness (US Forest Service). The
eight state parks alone have averaged between 1.6 and 1.8 million annual visitors over the past 20 years. The North Shore region has been
deﬁned, for this study, as the area immediately adjacent to Lake
Superior's shoreline from Two Harbors, MN to Grand Portage, MN (see
Fig. 1). The study area was delineated using HUC-8 watershed boundaries within Lake County and Cook County that drain directly into
Lake Superior (i.e., the Baptism-Brule and Beaver-Lester watersheds).
A dozen small communities exist within the study area with populations ranging from 176 to 3666. Tourism contributes signiﬁcantly to
the transient population of the region; winter recreationists visit the
region for a single day or up to several weeks seeking opportunities
for cross-country skiing, snowshoeing, hiking and ice-dependent
(climbing, ﬁshing, skating) activities.
Land cover is composed primarily of forested (ﬁr-spruce-birch),
rolling terrain (Sawtooth Mountains) inland and pebble beaches with
a mixed overstory (aspen-birch-oak-pine) along the lakeshore. Snowpack (13.6 in. on average during the winter season), ice depth (an average of 18.7 in. at inland lakes), cold temperatures (an average daily high
of 18.8 °F), and extreme wind chills (average daily minimum wind chill
of −9.2 °F) further deﬁne the study area's winter season. Winter recreation service providers include dog-sledding and snowmobiling outﬁtters and guides, snowshoe tours and a major ski hill destination for
both casual recreationists and competitive athletes.
3.2. Data Collection
Data were collected via a survey administered at eight locations
along Lake Superior's North Shore from January 8th to February 16th
of 2015. Survey periods and locations were selected to represent a full
range of use levels and activity engagement. The on-site survey was administered via tablet computers using a commercially available off-line
data collection application. During sampling periods a research assistant
approached potential respondents, described the purpose of the study
and solicited respondents to complete the survey, which took just
under 12 min (M = 11.7) to complete. If potential respondents did
not agree to complete the survey on site, they were given the option
of providing their email address to complete a web-based version at a
later time. A total of 1200 visitors were contacted during the sampling
periods. Of these, 784 completed the survey on-site via the off-line
application. A total of 416 visitors refused to take the survey onsite, 68
of whom later completed it on-line. Cumulatively, 852 usable surveys
were completed through both the on-site and on-line survey, this tabulates to a 71% response rate, which is high for surveys completed in
person by members of the general public (Dillman et al., 2008). Data
collected through the survey include the variables described below as
well as sociodemographic and travel-related behavioral characteristics,
which are reported in Table S1.
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3.2.1. Measures
3.2.1.1. Characteristics of North Shore Visitors and Their Trip-taking Behavior. The survey collected information on visitors' sociodemographic
characteristics (age, gender, education, income and home zip code). Respondents' home zip code along with the coordinates of the survey locations were used to calculate travel costs. The survey also solicited
information about visitors' trip-taking behavior. Speciﬁcally, we asked
about: the length in advance individuals had planned for the trip, the
recreational activities they participated in during the trip in which
they were contacted and the length in time of the trip.2
The descriptive characteristics of the sample are provided in
Table S1. On average, respondents indicated they had made just over
two trips (M = 2.05, SD = 1.90) to the North Shore for outdoor recreation or tourism during the 2014–2015 winter season. This estimate was
only marginally different under the projected climatic and environmental conditions (low: M = 2.20, SD = 2.11; moderate: M = 2.14, SD =
1.93; high: M = 2.35, SD = 2.68).
The majority (86.4%) of visitors to the North Shore during the winter
season spend more than one night, with the average being 2.79 nights
per visit (SD = 2.50). Outdoor recreationists and tourists who visit the
region for less than one day spend, on average, just over 4.5 h in the region (SD = 8.07). These are most likely visitors from Duluth, Minnesota
or Thunder Bay, Ontario which is just across the Canadian border. Across
all respondents, the average individual travel cost per visit (which is a
function of transportation costs plus the value of respondents' time
(see footnote 2)) was US $461.14 (SD = $450.35). A value in this
range would be expected given visitors traveled an average of 361.26
miles (SD = 374.74) to reach the site at which they were contacted.
During the trip in which they were contacted, the majority (68.3%)
of outdoor recreationists reported participating in scenic driving and
almost half (47.8%) indicated they went hiking. Other common activities included downhill skiing (35.5%), visiting historic or cultural sites
(35.5%) and wildlife viewing (34.3%).
To prepare for the trip in which they were contacted, the majority of
visitors reported planning their trip more than a week in advance. Just
over a third (33.8%) of the sample indicated they planned for the trip
8 days to 1 month in advance. Nearly a full third of the sample (32.9%)
reported planning for their trip more than 1 month in advance.
3.2.1.2. Place Meanings and Risk Perceptions. The meanings individuals
ascribe to the North Shore were measured with 9 statement items
that comprise a psychometric scale that has been validated in a variety
of samples of outdoor recreationists (Davenport et al., 2010; J.W. Smith
et al., 2011) and property owners who live in communities adjacent to
publicly managed recreation resources (J.W. Smith, Anderson, &
Moore, 2012; J.W. Smith, Siderelis, Moore, & Anderson, 2012). The statement items measure: individual identity, the extent to which an individual believes their personal identity is tied to the North Shore; selfefﬁcacy/place dependence, the extent to which an individual believes
the North Shore provides unique recreational opportunities that cannot
be experienced elsewhere; and family identity, the extent to which an
2

Travel cost is the average trip price per person; it was calculated as:

P=[(d×0.56)+(w×h×0.33)]×2, where
d = one-way distance from the centroid of the respondent's home zip code to the site at
which the respondent was intercepted (computed using the geodist command in Stata
(Picard, 2012)); this value was multiplied by $0.56 per mile for transportation costs
(i.e., fuel and vehicle maintenance) (IRS, 2013).
w = hourly wage rate, calculated as income divided by 2080 annual work hours. The fraction of the wage rate to time value is 0.33 following Cesario (1976). Income was an estimated based on median values from the 11-category income question. Values for the
ﬁrst and last categories, under $10,000 and $100,000 or more, were assigned values of
$10,000 and $100,000 respectively.
h = hours spent traveling to the site at which the respondent was intercepted, calculated
as ð54 milesdper hour þ 30 minutesÞ.

individual believes their family's identity is deﬁned by the North
Shore (Davenport et al., 2010; J.W. Smith et al., 2011). The full set of
statement items are shown in Table S2.
Risk perceptions were measured by asking visitors “How do you
think that the potential changes in winter conditions will impact …”
1) “yourself (your health, safety and security) during North Shore trips”
2) “your future trips recreating on the North Shore”
3) “recreation infrastructure on the North Shore (e.g., roads, trails,
campgrounds, etc.)”
4) “nature on the North Shore”
5) “the local tourism economy on the North Shore”
Response categories included negative impact, slight negative
impact, no impact, slight positive impact, and positive impact. Respondents were also given an unsure response option.
Statistics describing the meanings visitors attach to the North Shore
region as well as their risk perceptions related to changing winter
conditions are presented in Table S2. Generally, visitors reported their
personal identity is strongly tied to the North Shore (M = 3.68 on a
5-point scale), that they were dependent upon the region for its unique
recreation opportunities and experiences (M = 3.24) and that their
family's identity is strongly tied to the region (M = 3.41).
3.2.1.3. Revealed and Stated Trip-taking Behavior. Prior to asking questions about respondents' revealed and stated trip-taking behavior, we
used a screening question (What is the primary purpose of your trip?)
to ensure outdoor recreation in the North Shore region was the primary
purpose of all respondents' trips; an important consideration in travel
cost models (McConnell, 1985; Siderelis, 2001).
Visitors' revealed behaviors were measured by asking them to indicate the number of primary-purpose trips they had taken or
planned on taking to the North Shore during the 2014–2015 winter
season, which was described as the three month period beginning
December 1, 2014 and ending February 28, 2015. Immediately following this question, visitors were provided with a narrative and visual scenario asking them to indicate how many trips they would
take if winter conditions throughout the North Shore were to
change. Respondents were shown a table describing recent average
daily conditions and potential average daily conditions. The speciﬁc
average winter conditions described in the table included: snow
depth; ice thickness at inland lakes; daily high temperatures; daily
low temperatures; daily maximum wind chill; and daily minimum
wind chill. These speciﬁc conditions were selected because they
were signiﬁcantly correlated with historical visitation numbers provided by eight state parks located along the North Shore. Temperature and wind chill values used to populate the potential average
daily conditions column of the table were derived using a 10 model
ensemble of CMIP5 projections (http://cmip-pcmdi.llnl.gov/cmip5/
index.html) with bias correction using observed conditions throughout the region. Snow depth values were derived using the ratio of future snow water equivalent to current snow water equivalent from
the ensemble projections multiplied by historical observed snow
depth. Ice thicknesses were obtained from the change in ice thickness for different climate scenarios relative to that obtained under
historical conditions. The relationship for this fractional change
was derived using basic thermodynamic and heat transfer principles
and required an analysis of historical climate (minimum temperature) conditions with historical environmental conditions (ice
thickness).
Recent average daily conditions for each climate end environmental
condition were observed averages from 2009 to 2014. Our research
team also developed three sets of potential average daily conditions.
The CMIP5 projections were developed using a range of climate forcing
scenarios referred to as Representative Concentration Pathways (RCP)
that represent a range of future GHG emission trajectories (Van
Vuuren et al., 2011). We used three RCP scenarios (RCP2.6 (low),
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RCP4.5 (moderate) and RCP8.5 (high)), each of which was projected to
the year 2035, to estimate a full range of potential average daily conditions along the North Shore. Both the observed and potential future climate and environmental conditions are presented in Table 1.
To avoid systematic bias in respondents' contingent trip-taking behaviors, each respondent was only presented with one of the three
sets of potential future climate and environmental conditions. Consequently there were three versions of the survey, each of which
corresponded to a distinct set of potential future climate and environmental conditions. All three versions were loaded onto the off-line application and cycled through as the survey administrators contacted
subsequent visitors.
3.3. Data Analysis
3.3.1. Psychometric Analysis
Conﬁrmatory factor analysis was used to test the 9-item place meanings scale. Model ﬁt was assessed using the root mean-square error of
approximation (RMSEA), the comparative ﬁt index (CFI) and the incremental ﬁt index (IFI). RMSEA values between 0.06 and 0.08 are acceptable if the upper bound of the 90% conﬁdence interval is at or below 0.10
(Hu and Bentler, 1999). Both the CFI and IFI indicate the extent to which
the model ﬁts better than a null model with uncorrelated measurement
items. The values of both indices range from 0 to 1 with values closer to
1 indicating a better ﬁt to the hypothesized structure of the measurement model.
The hypothesized three factor-ﬁrst order place meanings scale yielded
an acceptable ﬁt to the data after one statement was removed due to a
low factor loading (Table S2). The ﬁnal ﬁt statistics were: χ2 = 123.41,
df = 17, RMSEA =0.087 [90% CI = 0.073–0.102], CFI = 0.978 and
TLI = 0.964. All ﬁve risk perceptions associated with altered winter conditions were slightly above average, ranging from a mean of 2.82 (nature)
on a 5-point scale to a mean of 2.98 (both yourself and future trips).
3.3.2. Demand Modeling
Consistent with previous travel cost modeling research, we removed
responses from individuals who indicated they have, or would in the
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future, take an exceptionally large number of trips during the 3month winter season. Trip counts were truncated at three standard deviations above the mean (Blaine et al., 2015). We also truncated travel
distance at the same threshold (Bin et al., 2005; Heberling and
Templeton, 2008; McKean et al., 2012).
The data were set up in a panel format with four panels, the ﬁrst corresponding to revealed trip-taking behavior and the second, third and
fourth corresponding to each of the projected climate and environmental conditions. Trip counts for past and intended behavior were gathered
to create the dependent trips variable. This subsequently required the
creation of four dummy variables, each of which corresponds to one of
the panels. The dummy variable corresponding to individuals' revealed
trip-taking behavior was not included in subsequent regressions, making it the reference number of trips against which intended future
trips is directly compared (via the three other three other dummy/
panel variables). The panel structure of the data allow us to combine revealed and stated preference data; the stated preference data allow us
to explore contingent responses to a range of meaningful climate and
environmental change scenarios while the revealed preference data
ground predicted behavior in reality (Train, 2009).
After constructing the panel data set, we checked the distribution
of the revealed and stated trip-taking behavior variable for
overdispersion by: 1) regressing it on the set of covariates described
^ (predicted number of trips); and 2) genin Eq. 1 below to generate y
^ 2 yÞ

erating y ¼ ððyyy^Þ

^ with no constant. The
; and 3) regressing y⁎ on y

results of the test indicated the trip count variable was overdispersed
(coef. = 0.259, S.E. = 0.052, t = 4.99, p b 0.001). Consequently, we
utilized the negative binomial distribution with mean dispersion
(negative binomial-1) to ﬁt all subsequent models (Cameron and
Trivedi, 2010). The mean and variance of the Poisson distribution
are assumed to be equal; this assumption is commonly violated
with primary datasets quantifying outdoor recreationists' and/or
tourists' trip counts. Erroneously ﬁtting the Poisson distribution to
overdispersed count data will lead to an underestimation of standard
errors and consequently, an increased likelihood of making a Type I
error (Palmer et al., 2007). Negative binomial regression models by
comparison, accommodate overdispersed count data through an

Table 1
Observed and projected future climate and environmental conditions.
Observed climate and environmental conditions
(Averages for December 1 through February 28 from 2009 to 2014)

Future climate and environmental conditions
(Averages for December 1, 2034 through
February 28, 2035)
RCP2.6
(low)

RCP4.5
(moderate)

RCP8.5
(high)

Absolute values
Mean daily snow depth
Mean daily ice thickness at inland lakes
Mean daily high temperatures
Mean daily low temperatures
Mean daily maximum wind chill
Mean daily minimum wind chill

13.6
18.7
18.8
3.5
13.9
−9.2

10.0
16.9
21.6
6.6
17.9
−4.3

8.6
15.8
22.9
7.9
19.9
−1.8

7.7
15.1
23.5
8.7
20.8
0.1

Relative change
Mean daily snow depth
Mean daily ice thickness at inland lakes
Mean daily high temperatures
Mean daily low temperatures
Mean daily maximum wind chill
Mean daily minimum wind chill

13.6
18.7
18.8
3.5
13.9
−9.2

−3.6
−1.8
2.8
3.1
4.0
4.9

−5.0
−2.9
4.1
4.4
6.0
7.4

−5.9
−3.6
4.7
5.2
6.9
9.3

Percentage change
Mean daily snow depth
Mean daily ice thickness at inland lakes
Mean daily high temperatures
Mean daily low temperatures
Mean daily maximum wind chill
Mean daily minimum wind chill

13.6
18.7
18.8
3.5
13.9
−9.2

−0.26
−0.10
0.15
0.89
0.29
−0.53

−0.37
−0.16
0.22
1.26
0.43
−0.80

−0.43
−0.19
0.25
1.49
0.50
−1.01
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additional variable scaling parameter (α); when α nears 0, the model
becomes effectively identical to a Poisson regression (Hilbe, 2011).3
After establishing the trip counts variable was overdispersed, we ﬁt
the following population averaged negative binomial regression model
to the panel data:
yij ¼ μ þ β1−3 c limate scenarioij
þβ4−6 place meaningsi
þβ7−11 risk perceptionsi
:
þβ12 incomei
þβ13 travel costsi þ εij

ð1Þ

The dependent variable yij refers to each respondent's reported or estimated number of trips to the North Shore during either the past winter
season (December 1, 2014 through February 28, 2015) or during a future winter season under each of the j projected future climate and environmental conditions. The right hand side of the model includes:
dummy variables for each of the three projected future climate and environmental conditions (climate_scenarioij); the factor scores for each of
the three place meaning constructs (place_meanings); the observed
measures for each of the ﬁve perceived risks (risk_perceptions); as well
as respondents' income (income) and their travel costs (travel_costs). Income is included to ensure conditional indirect utility is a function of
both price (cost) and income, which controls for the possibility that
people with different incomes will make different travel choices
(Mendelsohn et al., 1994).
The inclusion of the composite travel cost variable (see footnote 2) of
course makes the travel cost method tractable. The assumptions of the
method are ﬁrst, that the cost incurred by an individual to visit a destination is a lower bound on their valuation of that site, and second, that
individuals will react negatively (positively) to an increase (reduction)
in travel costs (Clawson, 1959). With measures of both travel costs
and trip-taking behavior, we can estimate variations in demand (via
demand curves) across projected climate and environmental change
conditions and, as we will demonstrate later, across heterogeneous
groups of outdoor recreationists and tourists.
Because respondents only viewed one set of future climate and environmental conditions, we chose to use a population averaged speciﬁcation, which averages effects across panels. Following Hardin and Hilbe's
(2013) recommendation, our choice of using a population averaged
speciﬁcation was guided by the type of inference our model was
intended to generate. Speciﬁcally, one goal of the model was to be
able to compare average trip-taking behaviors (trip counts) across the
observed and projected set of climate and environmental conditions; a
task that requires only the parameterization of the population's marginal distribution. If each respondent was to view each of the three potential sets of future climate and environmental change conditions, the
model would need to parameterize the full distribution of y, and a random effects speciﬁcation would be more appropriate.
The population averaged negative binomial model is a continuous
mixture model, meaning the heterogeneity or mixing parameter is assumed to have a continuous distribution. This assumption either implies
or ignores the possibility of unobserved heterogeneity within the sample. The tastes and preferences of outdoor recreationists and tourists
are highly heterogeneous, being inﬂuenced by both observed factors
such as income (Shonkwiler and Shaw, 2003), meanings associated
with the recreation destination (J.W. Smith et al., 2010) and motivations
(J.W. Smith and Moore, 2012) as well as unobserved factors.
3

The density function of the negative binomial model can be expressed as:
ψi

yi

ψi
λi
i þψi Þ
f ðyi Þ ¼ ΓðψΓðyÞΓðy
þ1Þ ðy þψ Þ ðλi þψ Þ , where
i

i

i

i

i

One method of accounting for unobserved heterogeneity is to allow
the density of y to be a linear combination of multiple (m) densities in
proportions π1 , … , πm. If we use j to denote an individual negative binomial density (see footnote 3), a mixture of densities can be expressed as
m

4. Results
4.1. Continuous Mixture Model
Results from the population averaged negative binomial regression
model are presented in Table 2. Again, this model ﬁts the data to a single
overdispersed mixing distribution under the assumption tastes and
preferences are homogenous across the sample. The results reveal outdoor recreationists and tourists are not likely to alter their trip-taking
behavior during the winter season under warmer conditions. This ﬁnding was expected given the relatively small differences between respondents' revealed and stated visitation behavior. The range in values for
the climate and environmental conditions is small across the three projections, and as these results show, so too are visitors' likely behavioral
responses. However, the large standard deviations in contingent triptaking behavior (1.90–2.68) suggest the presence of a large degree of
heterogeneity within the sample. This observation furthered our interest in exploring the possible presence of different types of outdoor recreationists and tourists within the sample.
The results of the continuous mixture model suggest the meanings
individuals attach to the North Shore region are signiﬁcantly correlated
with their trip-taking behaviors. Speciﬁcally, the more an outdoor recreationist or tourist felt their personal identity (individual identity) was
strongly related to the North Shore, the more likely they would be to
visit regardless of changes in climate or climate-related environmental
conditions (coef. = 0.143, S.E. = 0.061, p = 0.018). However, neither
feelings of being dependent upon the region for speciﬁc types of outdoor recreation settings (self-efﬁcacy/place dependence) nor feelings
4
The density function for the ﬁnite mixture negative binomial model, with j components/densities, can be expressed as:

ψi; j
yi
Γðyi þψi; j Þ
ψ
λi; j
ð i; j Þ ðλi; j þψ
Þ ,
i; j ÞΓðy i þ1Þ yi; j þψi; j
i; j

f j ðyi Þ ¼ Γðψ

0

λi = expðx i βÞ;
ψi = ðα1 Þλki , this is the precision parameter;
The α parameter is the overdispersion parameter and k is an arbitrary constant.

m

f ðyjβ; πÞ ¼ ∑ j¼1 π j f j ðyjβ j Þ, where 0 ≤π j ≤1; ∑ j¼1 π j ¼ 1 4. The composite density of y is a function of the density of each unobserved, yet distinct, ‘component’ within the sample (y | βj). The proportion of each
component within the sample is represented as πj; these proportions
sum to 1.0. The means, variances and distribution (i.e., skewness) of
each density are allowed to vary independently. This approach allows
for a natural representation of heterogeneity in a ﬁnite number of latent
classes. The analyst is free to specify and explore various numbers of
components/densities, each of which can have a unique functional
form (Deb and Trivedi, 1997). This ﬂexibility can be highly attractive
to analysts as they attempt to account for as much observed variance
in individuals' trip-taking behavior as possible.
While ﬁnite mixture models are highly ﬂexible and allow for the analyst to better capture the full density of observed counts, the estimation
of multiple densities can quickly lead to computational inefﬁciencies.
Cameron and Trivedi (2010) note when ﬁtting ﬁnite-mixture models
through maximum likelihood estimation, the log-likelihood function
may be multimodal and not logconcave; they go on to note many heterogeneous components are difﬁcult to detect empirically either because their densities share similar moments (e.g., similar means and
variances but differ in their skewness) or because they only represent
a very small proportion of the sample (i.e., they are outliers). Consequently, ﬁnite mixture models are often restricted to the identiﬁcation
of a small set of components (Hilbe, 2014).

0

λi; j ¼ expðx i β j Þ;
ψi; j ¼ ðα1j Þλki; j .

where
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Table 2
Estimates from population averaged negative binomial regression and negative binomial-1 ﬁnite-mixture model with two mixture components (n = 679).
Population averaged negative
binomial regression

Negative binomial-1 ﬁnite-mixture model with two mixture
components
Component-1

Independent variables
Changes to climate and environmental conditions
Low (RCP2.6) projected conditions
Moderate (RCP4.5) projected conditions
High (RCP8.5) projected conditions
Place meanings
Individual identity
Self-efﬁcacy/place dependence
Family identity
Risk perceptions (belief changes in winter conditions will impact …)
… yourself (your health, safety and security) during North Shore trips
… your future trips recreating on the North Shore
… recreation infrastructure on the North Shore
(e.g., roads, trails, and campgrounds)
… nature on the North Shore
… the local tourism economy on the North Shore
Travel cost
Income
Constant

logit (π1)
ln (δ1)
ln (δ2)
δ1
δ2
π1
π2
Summary statistics

Coef. (semirobust S.E.)
0.023
(0.034)
−0.051
(0.032)
−0.051
(0.043)

Coef.
(robust S.E.)

z
0.69
−1.60
−1.20
2.36⁎⁎

0.143
(0.061)
0.060
(0.047)
0.013
(0.056)

1.27
0.22

−0.052
(0.043)
0.141
(0.048)
0.038
(0.037)
0.014
(0.034)
−0.064
(0.035)
−3.112e−4
(1.072e−4)
−6.662e−7
(1.100e−6)
0.651
(0.143)

−1.22
2.96⁎⁎⁎
1.00
0.41
−1.80⁎
−2.90⁎⁎⁎
−0.60
4.57⁎⁎⁎

1.854
(0.287)
−16.578
(0.166)
−1.223
(1.363)
6.310e−8
(1.050e−8)
0.294
(0.401)
0.865
(0.034)
0.135
(0.034)
Wald χ2(13) = 85.87
prob. N χ2 ≤ 0.001

0.092
(0.066)
−0.016
(0.062)
−0.068
(0.074)
0.135
(0.048)
0.045
(0.030)
−0.033
(0.047)
−0.086
(0.036)
0.155
(0.035)
0.064
(0.028)
3.139e−4
(0.025)
−0.045
(0.027)
−9.780e−5
(6.830e−5)
2.870e−7
(6.790e−7)
0.279
(0.100)

Component-2
Coef.
(robust S.E.)

z
1.39
−0.25
−0.92
2.84⁎⁎⁎
1.51
−0.71
−2.38⁎⁎
4.39⁎⁎⁎
2.30⁎⁎
−0.01
−1.67⁎
−1.43
0.42
2.79⁎⁎⁎

−0.172
(0.184)
−0.178
(0.148)
0.012
(0.172)
−0.006
(0.184)
0.285
(0.143)
0.179
(0.128)
0.075
(0.093)
−0.010
(0.090)
−0.012
(0.068)
0.020
(0.068)
−0.116
(0.069)
−0.003
(0.001)
−1.58e−6
(1.85e−6)
2.401
(0.285)

z
−0.94
−1.21
0.07

−0.03
1.99⁎⁎
1.40

0.81
−0.11
−0.18
0.30
−1.68
−3.03⁎⁎⁎
−0.86
8.44⁎⁎⁎

6.47⁎⁎⁎
−99.75⁎⁎⁎
−0.90
4.560e−8
(8.740e−8)
0.022
(4.460)
0.785
(0.918)
0.082
(0.215)
Wald χ2(26) = 172.67
Prob. N χ2 ≤ 0.001

⁎ p b 0.10.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.

related to ones family identity (family identity) were signiﬁcantly related to trip-taking behavior.
Across the ﬁve risk perception questions asked, two were signiﬁcantly related to the number of trips respondents indicated they
would take under the projected future conditions. If individuals feel
strongly that changes in winter conditions will impact their future recreational trips to the North Shore, they are signiﬁcantly more likely to
travel to the region in the future (coef. = 0.141, S.E. = 0.048, p =
0.003). This ﬁnding is perhaps counterintuitive and suggests either
that outdoor recreationists and tourists to the region believe changes
to winter conditions will improve the quality of outdoor recreation opportunities throughout the region, or that changes to winter conditions
will make more recreation opportunities possible. Scenic driving, visiting historic and cultural sites and hiking are all activities that will be
more available to visitors as winter temperatures rise.

The other risk perception signiﬁcantly related to individuals' contingent trip-taking behavior was the belief changes in winter conditions will impact the North Shore economy. The more strongly
outdoor recreationists and tourists believe changes in winter conditions will impact the region's economy, the less likely they are to
travel to the region in the future (coef. = − 0.064, S.E. = 0.035,
p = 0.071). This ﬁnding might suggest that outdoor recreationists
and tourists do not feel the region's economy is capable of adapting
to warmer winter conditions and subsequent negative economic
consequences would reduce the region's appeal as a winter outdoor
recreation destination.
The other three types of risk perceptions queried, risks related to
oneself (yourself), the recreation infrastructure of the North Shore
(recreation infrastructure) or nature on the North Shore (nature), do
not appear to be related to future visitation demand.
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Results from the continuous mixture model also revealed travel
costs are signiﬁcantly related to individuals' trip-taking behavior
(coef. = −3.112e−4, S.E. = 1.072e−4, p = 0.004) in the direction expected. For every 1 $USD increase in per person travel costs, individuals'
number of trips to the North Shore is expected to decrease by 0.031%5.
We can use the average personal travel costs to make this inference
more intuitive. If an outdoor recreationist or tourist to the region incurs
personal per trip travel costs of $461.14 and makes 2 trips to the region
during the winter season, their personal per trip travel costs would have
to increase by $32.14 to $493.28 for them to alter their visitation behavior and come only once during the season6.
Respondents' income was not signiﬁcantly related to their triptaking behavior, which runs counter to the theory of constrained utility
maximization. However, within the recreation travel cost modeling literature, ﬁnding no or even a negative relationship between income and
demand is common (Blaine et al., 2015).

4.2. Finite-mixture Model
Results from the ﬁnite-mixture model are also presented in Table 2.
A two-component solution yielded a better ﬁt than less parsimonious
mixtures (i.e., N 2 components). Following the guidance of Leroux
(1992), we used both the AIC and BIC statistics to evaluate models
with various numbers of mixture densities. The speciﬁcation of three
or more mixture densities resulted in ﬂat loglikelihood values as well
as increases in both AIC and BIC statistics relative to those derived
from the two-component solution. The two component solution also
yielded a concave directional gradient function (not shown), suggesting
the presence of two unobserved types of North Shore visitors (Lindsay
and Roeder, 1992). The densities of the two components can be seen
in Fig. 2 and compared against the density of the continuous mixture
model. Note how the mixture of densities derived from the two component ﬁnite-mixture model (blue and green lines) captures more of the
variability in visitors' reported number of trips (gray bars) relative to
the continuous mixture density (thick black line). Demand curves,
which are dramatically different across the two components, are
shown in Fig. 3.
The ﬁrst component identiﬁed comprises the majority of North
Shore winter recreationists, as suggested by the high estimated
mixing proportion (π1 = 0.865). The coefﬁcients associated with
these recreationists suggest slight, albeit not statistically signiﬁcant,
reductions in trip-taking relative to altered climate and environmental conditions (Table 3). Under the conditions derived from the high
emissions scenario (RCP8.5), which included a 5.9-in. reduction in
average daily snow depth, a 3.6-in. reduction in average daily ice
thickness at inland lakes and substantial increases to average daily
highs, lows and wind chill temperatures (Table 1), these ‘component-1’ type visitors will decrease the number of trips they take to
the North Shore by 6.61%. This shift, which is illustrated in the top
panel of Fig. 4, is slightly less substantial for the altered climate and
environmental conditions derived from the moderate emissions scenario (RCP4.5).
Given they comprise the majority of sampled winter outdoor recreationists and tourists, the remaining coefﬁcients associated with
these ‘component-1’ type recreationists are very similar to those estimated through the continuous mixing model. The trip-taking behavior of these component-1 type visitors is signiﬁcantly related to
the identity-related meanings they have for the North Shore
(individual identity, coef. = 0.135, S.E. = 0.048, p = 0.005). Also similar to the ﬁndings for the entire sample, the stronger a component-1
type visitor feels changes in winter conditions will impact their

5
6

Percent change in trips=100(exp(β)-1).

 
2 trips1 trip
Shift along the demand curve from 2 trips to 1 = travel cost  Percent
.
change in trips

future recreational trips to the region the more likely they are to
visit in the future (future trips, coef. = 0.155, S.E. = 0.035,
p b 0.001). Additionally, the stronger a component-1 type visitor
feels changes in winter conditions will impact the North Shore economy the less likely they are to visit the region in the future (local
economy, coef. = − 0.045, S.E. = 0.027, p = 0.096).
Disaggregating the entire sample via the ﬁnite mixture model was
able to reveal several signiﬁcant correlations between risk perceptions
and contingent trip-taking behavior that would have otherwise gone
unnoticed. Speciﬁcally, the more strongly component-1 type visitors
feel altered winter conditions will impact themselves personally, the
less likely they are to visit (yourself, coef. = − 0.086, S.E. = 0.036,
p = 0.017). Risk averse recreation behavior under threats to ones
health, safety and security is logical and has been observed in other regions as well (Lepp and Gibson, 2008). Additionally, the more strongly
component-1 type outdoor recreationists and tourists feel altered winter conditions will impact the North Shore's recreational infrastructure,
the more likely they are to visit in the future (recreation infrastructure,
coef. = 0.064, S.E. = 0.028, p = 0.021). This ﬁnding was unexpected, especially given the recreation activities participated in most often such as
scenic driving and hiking are, to a large degree, dependent upon roads
and trails. However, a large majority of the activities that North Shore
visitors participate in (e.g., wildlife viewing, showshoeing, ice ﬁshing
and hunting) are not infrastructure dependent.
The second component identiﬁed is comprised of a smaller proportion of the sample (π2 = 0.135). This type of outdoor recreationist or
tourist differs substantially in their trip-taking behavior relative to
component-1 type visitors. As described in Table 3, component-2 type
outdoor recreationists and tourists visit the North Shore notably more
than component-1 type visitors. This trend holds true across all of the
projected climate and environmental conditions with the greatest differences observed under the most dramatic changes in climate and
local environmental conditions. Given the projected conditions derived
under the high emissions scenario (RCP8.5), component-2 type visitors
are estimated to visit nearly 4 times during the three-month span from
December 1st to February 28th; this is contrasted by component-1 type
visitors who are only estimated to visit the North Shore for outdoor recreation 1.6 times during the winter season under the most extreme
projected conditions. This rightward shift on the x-axis is illustrated in
the bottom panel of Fig. 4.
Despite their divergent trip-taking behavior relative to component-1
type outdoor recreationists, the behavior of component-2 type visitors
does not appear to change under warmer winters with less snow pack
and inland ice. Under the most extreme set of projected conditions,
component-2 type visitors indicated a greater, albeit not statistically
different, likelihood of visiting the North Shore. As can be seen in the
bottom panel of Fig. 4, this is a notable positive shift, translating into a
1.3% increase in trips amongst component-2 type visitors.
Like component-1 type visitors, component-2 type outdoor recreationists and tourists who are more sensitive to impacts to the region's
economy are less likely to visit under altered climate and environmental
conditions (local economy, coef. = − 0.116, S.E. = 0.069, p = 0.092).
However, component-2 type recreationists and tourists differ from
component-1 type visitors in several meaningful ways. The trip-taking
behavior of component-2 type recreationists is not correlated to the
strength with which they feel their personal identity is tied to the
North Shore (individual identity, coef. = − 0.006, S.E. = 0.184, p =
0.975). However, component-2 type visitors appear to be more sensitive to impacts to unique recreation settings only offered on the North
Shore (self-efﬁcacy/place dependence, coef. = 0.285, S.E. = 0.143, p =
0.046). Also, component-2 type visitors' risk perceptions, particularly
those related to the belief altered winter conditions will impact future
trips, are not signiﬁcantly related to their trip-taking behavior
(coef. = − 0.010, S.E. = 0.090, p = 0.910). This differs from
component-1 type recreationists whose perceived risks were associated
with an increase in the number of future trips.
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Fig. 2. Observed number of revealed and contingent trips to the North Shore (gray bars) along with the density of predicted number of trips estimated through both the continuous
mixture model (thick black line) and the 2-component ﬁnite-mixture model (thin green and blue lines).

5. Discussion
5.1. Implications
We initiated this research with two goals. The ﬁrst was to estimate
shifts in the demand for winter outdoor recreation along Minnesota's
North Shore of Lake Superior under a range of projected climatic and environmental conditions. Using bias-corrected projections representing a
range of potential climate and environmental conditions corresponding
to future emissions trajectories, we determined respondents' contingent trip-taking behavior was not signiﬁcantly different from their behavior during the current winter season. This ﬁnding was unexpected,

given the climate and environmental conditions chosen for inclusion
in the survey were signiﬁcantly and positively correlated with historic
observed visitation levels at eight North Shore state parks. There is a potential explanation for the ﬁnding of no signiﬁcance. It is possible and
likely the projected conditions never reached a “critical threshold” or
“tipping point” that would limit an individuals' engagement in a
weather-dependent outdoor recreation activity. Even under the high
emissions scenario (RCP8.5) average daily snow depth is projected to
decline only to 7.7 in., a depth that would still support snowmobiling,
snowshoeing and cross-country skiing. Similarly, the average daily inland ice thickness is projected to be 15.1 in., which is more than thick
enough to, literally, support ice ﬁshing activity. We chose to project

Fig. 3. Demand curves under each climate and environmental condition scenarios for both components identiﬁed by the ﬁnite-mixture model.

10

J.W. Smith et al. / Ecological Economics 123 (2016) 1–13

Table 3
Predicted number of trips per tourist per winter season by mixture component membership and future climate and environmental conditions.
Future climate and environmental conditions
RCP2.6
(low)

RCP4.5
(moderate)

RCP8.5
(high)

Mixture component membership

M (SD)

M (SD)

M (SD)

1
2
Entire samplea

1.88 (0.35)
3.26 (2.23)
2.12 (0.50)

1.69 (0.31)
3.24 (2.22)
1.97 (0.46)

1.60 (0.30)
3.91 (2.68)
1.97 (0.47)

a
Estimated number of trips for full sample derived from the population averaged
negative binomial regression model.

conditions out to the year 2035, believing that estimates of tourism demand beyond 20 years would not be given serious consideration in
region-wide adaptation planning efforts. It is quite likely that had we
chosen a longer time horizon, which of course would be accompanied
by larger relative changes in climate and environmental conditions,
contingent trip-taking behavior would deviate more substantially
from the current season's observed behavior. However, we selected
2035 as a reasonable planning horizon for outdoor recreation providers
(Bitsura-Meszaros et al., 2015). Future research is needed to discern if
indeed there are critical thresholds or tipping points that alter the behaviors of winter outdoor recreationists.
The second goal of this research was to attempt to capture the taste
and preference heterogeneity of winter outdoor recreationists and tourists through a ﬁnite-mixture modeling approach, an approach that we
believed would allow for a better characterization of visitors' contingent
trip-taking behaviors. Our exploration of different numbers of speciﬁed
component densities yielded the best ﬁt for a 2-component solution.
The two components differed substantially in both the frequency of
their trip-taking behavior and in the directionality of how their future
visitation would change under altered climate and environmental conditions. Regarding the frequency of the two components' trip-taking behavior, component-1 type visitors are characterized by a low mean

number of trips and low variability around that mean (Fig. 2). These individuals travel to the North Shore less than twice a winter season and
rarely visit more than three times. By contrast, component-2 type visitors are characterized by a higher mean number of trips and a large variability around that mean (Fig. 2). These visitors tend to visit the region
more often and some, those that comprise the long right tail on the distribution, visit quite frequently. The utility of the ﬁnite mixture modeling approach can be seen most clearly in Fig. 2 when the density of
trips for each component (blue and green lines) is plotted against the
reported frequency of trips (gray bars) and the continuous mixture density (thick black line). The area under the two component densities
clearly captures substantially more of individuals' reported trip-taking
behavior that otherwise would have gone unexplained.
The ﬁnite mixture modeling approach not only captured more of the
reported trip-taking behavior, it also allowed us to identify distinct
types of visitors likely to exhibit dissimilar visitation behavior under
altered climate and environmental conditions. The model revealed
component-1 type visitors are likely to visit the North Shore less often
as the temperatures rise and snow and ice depths thin (Fig. 4). These
visitors, who only come once or twice a winter season, clearly prefer
the cold weather and will likely visit even less in the future. Where
these visitors will go for winter outdoor recreation as the temperatures
rise, however, remains to be seen. It is possible they will travel farther
north to the colder environments that support their desired outdoor
activities. Conversely, the model suggests component-2 type visitors
are likely to visit the region slightly more often as temperatures rise
and the snow and ice thins (Fig. 4). It is important to note again that
none of the projected climate and environmental conditions yielded
contingent trip-taking behavior signiﬁcantly different from the 2014–
2015 winter season, for either type of visitor. However, the observed
differences in the directionality of contingent trip-taking behavior is
noteworthy and deserves closer examination in the future under longer
time horizons in areas predicted to have greater short-term variability
in climate and environmental change. As described in the literature
review, heterogeneous preferences for weather and climatic conditions
may arise from a variety of observed sources such as outdoor

Fig. 4. Predicted number of trips to the North Shore for both latent components under each climate and environmental change scenario.
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recreationists' origin and their previous experience with the destination; these ﬁndings suggest heterogeneous preferences may also arise
from unobserved sources as well.
Discerning two types of North Shore visitors through a ﬁnitemixture modeling approach also has several implications for how
North Shore destinations can effectively disseminate information
about likely climate and environmental conditions. Outdoor recreation
destinations typically provide climate information to either market the
destination or assist visitors in preparing for safe and comfortable experiences (Scott and Lemieux, 2010). Knowing that component-1 type
visitors prefer colder temperatures, more snow and thicker ice, it
would be wise for both federal agencies and private operators to monitor and disseminate up-to-date information about where snow and ice
depths are thickest, thus facilitating more enjoyable engagement in
outdoor recreation activities dependent upon those conditions. This
would be a focused strategy designed to maintain current visitation
levels from the vast majority (~ 87%) of current visitors who, as our
model indicates, do not come very often (b2 times per winter season)
and have an aversion to warmer temperatures.
In a similar vein, knowing component-2 type visitors prefer warmer
temperatures and less snow and ice, it would be logical for agencies and
private businesses to highlight the expanding shoulder seasons for
activities such as hiking, visiting historic/cultural sites and wildlife
viewing that are not dependent upon temperatures below freezing.
Knowing these component-2 type visitors travel to the region more
frequently (N 3 times per winter season), this information would most
efﬁciently be disseminated in a geographically focused region; most of
these visitors are not likely coming from beyond Duluth, Minnesota or
Thunder Bay, Ontario (Fig. 1). Again, this would be a focused climate
communication strategy designed to make visitors aware of the
expanding summer and shoulder seasons and, more importantly, the
outdoor recreation opportunities they support. Two pronged climate
information strategies that appeal to visitors' divergent tastes and preferences are not uncommon for outdoor recreation providers (Scott and
Lemieux, 2010) and they may prove to be effective given outdoor recreationists and tourists pay acute attention to weather and environmental
conditions at future destinations (K. Smith, 1981).
To support more targeted climate information campaigns throughout the North Shore and elsewhere, targeted research is needed to discern what types of weather, climate and environmental information
sources are being used by current and potential visitors as they consider
visiting the region or as they plan their visit. Only a few studies have
explicitly attempted to discern speciﬁc climate-related information
sources used by outdoor recreationists and tourists as they plan their
trips; two are contracted reports (Altalo et al., 2002; Gamble and
Leonard, 2005) and only one has been peer-reviewed (Rutty and
Andrey, 2014).

5.2. Limitations
One limitation of this study is our focus on shifts in visitation
patterns among visitors who already travel to the North Shore region
for outdoor recreation and tourism; we implicitly assume shifts in the
region's tourism system will be endogenous. The data and analyses we
report here fail to acknowledge the possibility of new outdoor recreationists and tourists visiting the region for the ﬁrst time due to the
warmer winter temperatures and reduced snow and ice depth levels.
A substantial amount of research focused on global shifts in tourism
ﬂows has suggested northern latitude destinations will receive
increased levels of visitation as climates change (Gossling, 2002;
Gossling and Hall, 2006; J. M. Hamilton et al., 2005; Lise and Tol, 2002;
Scott et al., 2004; K. Smith, 1990). However, most of this northerly
shift is attributable to tropical and mid-latitude temperatures becoming
uncomfortably hot during the peak summer months; only marginal
shifts northward have been suggested during the winter months.
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Another limitation of this study is our inability to know which of the
climate and environmental conditions presented to visitors were most
salient to them as they considered their future trip-taking behavior.
Our intent was to provide respondents with a suite of climate and environmental conditions that: 1) were statistically signiﬁcantly correlated
with past visitation levels; and 2) could be projected using the best
available hydroclimatological techniques. We chose not to experimentally vary the levels of each condition, as would have been standard in
choice experiments where the analyst is concerned with discerning
how respondents make trade-offs among attributes presented at competing levels (Louviere et al., 2000). As de Freitas (1990) notes, outdoor
recreationists and tourists make behavioral responses to a composite
set of thermal, physical and aesthetic characteristics that deﬁne a setting. Our use of both climate (temperature and wind chill) and environmental (snow and ice depth) conditions captures both thermal and
physical characteristics of the North Shore. However, our approach as
well as all other research to date, has left a clear gap in the literature
related to knowing how important each characteristic is in shaping individuals' trip-taking behavior. More research is needed on this front, and
subsequently on discerning if there are signiﬁcant cultural, market or
regional differences in the inﬂuence of climate-related characteristics
on decision making (Scott, de Freitas, & Matzarakis, 2008).
6. Conclusion
Minnesota's North Shore of Lake Superior is typical of many northern latitude amenity-rich regions comprised of communities facing difﬁcult decisions about how to best plan for potentially substantial shifts
to regional climate and environmental conditions. Without a scientiﬁcally grounded understanding of how the region's outdoor recreation
systems will respond to change, decision makers and local natural
resource managers are at a loss for how (or even whether they should)
allocate scarce ﬁnancial resources to support the long-term development and growth of the outdoor recreation industry. In this study, we
have used the best hydroclimatological methods available to project
likely climate and environmental conditions. The use of historically
backcasted and bias-corrected projections of climate and environmental conditions to elicit contingent trip-taking behaviors is truly unique.
To our knowledge, this has not been done before. The few studies that
have attempted to estimate shifts in tourism demand under likely
future climate and environmental conditions using primary data have
relied on qualitative shifts in climatic and environmental conditions;
these conditions were embedded in a stated choice question, analyzed and then validated against analyses of historic visitation data
and climate/environmental conditions (Loomis and Richardson,
2006; Richardson and Loomis, 2004).
Projecting speciﬁc point estimates of future climate and environmental conditions likely improves the validity of responses to the contingent trip-taking question. It is impossible to know what outdoor
recreationists and tourists might be thinking about when asked how
many trips they would take if they knew there was going to be “substantially” less snow; framing the question with speciﬁc, scientiﬁcallyderived numeric values addresses this issue. However as our modeling
results illustrate, this enhanced level of realism and validity may come
at a cost. Climate and environmental changes are characterized by gradual changes masked by large seasonal or annual variability. It appears
that twenty years into the future may not be a distant enough time horizon to reveal shifts in climate and environmental conditions that will
elicit trip-taking behaviors signiﬁcantly different from what individuals
are doing now. For individuals living and working along Minnesota's
North Shore, our ﬁndings suggest tourism demand is not likely to
change signiﬁcantly over the next 20 years. Natural resource managers,
business owners and community leaders should have conﬁdence in
making long-term investments to support the growing outdoor recreation industry. However, our ﬁndings also reveal the presence of two distinct types of North Shore visitors who reported different visitation
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patterns and, more importantly, differential responses to warming
winter conditions. It is possible, that under more severe levels of climate
and environmental change, these visitors may exhibit even more divergent behavioral responses that subsequently affect the economic wellbeing of the region.
Supplementary data
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ecolecon.2015.12.010.
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