
Contents lists available at ScienceDirect

Landscape and Urban Planning

journal homepage: www.elsevier.com/locate/landurbplan

Research Paper

Using social media to understand drivers of urban park visitation in the
Twin Cities, MN

Marie L. Donahuea,⁎, Bonnie L. Keelera, Spencer A. Woodb,c, David M. Fisherc, Zoé A. Hamsteadd,
Timon McPhearsone,f,g

a The Natural Capital Project, Institute on the Environment, University of Minnesota, St Paul, MN 55108, USA
b Center for Creative Conservation, University of Washington, Seattle, WA 98195, USA
c The Natural Capital Project, Woods Institute for the Environment, Stanford University, Stanford, CA 94305, USA
d Department of Urban and Regional Planning, University at Buffalo, The State University of New York, Buffalo, NY 14214, USA
eUrban Systems Lab, The New School, New York, NY 10003, USA
f Cary Institute of Ecosystems Studies, Millbrook, NY 12545, USA
g Stockholm Resilience Centre, Stockholm University, Stockholm, Sweden

A R T I C L E I N F O

Keywords:
Recreation
Green space
Park use
Urban planning
Spatial analysis
Cultural ecosystem services

A B S T R A C T

Green space and parks in urban environments provide a range of ecosystem services and public benefits.
However, planners and park managers can lack tools and resources to gather local information on how parks are
used and what makes them desirable places for recreation and a wide variety of uses. Traditional survey methods
to monitor park use and user preferences can be costly, time consuming, and challenging to apply at scale. Here,
we overcome this limitation by using geotagged social media data to assess patterns of visitation to urban and
peri-urban green space across park systems in the metropolitan area of the Twin Cities, Minnesota, USA. We find
that parks with nearby water features, more amenities, greater accessibility from the presence of trails, and that
are located within neighborhoods with higher population density, are associated with higher rates of visitation.
As cities grow and shifts in demographics occur, more responsive management of public green space will become
increasingly important to ensure urban parks provide ecosystem services and meet users’ needs. Using social
media data to rapidly assess park use at a lower cost than traditional surveys has the potential to inform public
green space management with targeted information on user behavior and values of urban residents.

1. Introduction

Opportunities for outdoor recreation are often classified as cultural
ecosystem services, as they relate to the non-material health, well-
being, and experiential benefits that humans derive from directly in-
teracting with nature (Chan et al., 2012; Millennium Ecosystem
Assessment, 2003). Cultural services is a broad category of physical and
psychological relational benefits from nature that generally includes
not only recreation but also spirituality, aesthetics, and mental health,
among others (Haines-Young & Potschin, 2010). Historically, these
services have been notably difficult to quantify and represent spatially
(Paracchini et al., 2014) without robust, participatory mapping or en-
gagement processes (Brown & Fagerholm, 2015; Plieninger, Dijks,
Oteros-Rozas, & Bieling, 2013). Furthermore, cultural services depend
on the specific context in which they occur, surrounding infrastructure
that mediates how nature is experienced, and the preferences or

perceptions of the individuals who value these services (Andersson
et al., 2015). As a result, they have traditionally been the least studied
service in ecosystem services assessments, which typically focus on the
classes of provisioning, regulating, and supporting services that land-
scapes provide (Daniel et al., 2012). This is a notable gap, especially in
studies of urban ecosystem services where cultural services may have a
large importance in connecting urban populations with nature
(Andersson, Tengö, McPhearson, & Kremer, 2015; Gómez-Baggethun &
Barton, 2013; Haase et al., 2014; Luederitz et al., 2015).

In urban areas, recent examples of cultural ecosystem services as-
sessments have demonstrated the site-specific and temporally sensitive
nature of cultural values, challenges in quantifying or mapping these
preferences and behaviors, and the need for additional research and
methods on this topic (see, for example, Bauer, Tynon, Ries, &
Rosenberger, 2014; Bertram & Rehdanz, 2015; Langemeyer, Baró,
Roebeling, & Gómez-Baggethun, 2015; Thiagarajah, Wong, Richards, &
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Friess 2015; Tratalos, Haines-Young, Potschin, Fish, & Church, 2016).
Our study is motivated by the growing demand for readily available,
spatially-explicit information on cultural ecosystem services in cities,
particularly for assessments of the drivers of recreation patterns in
urban parks.

More specifically, public green space and parks in urban and peri-
urban areas provide users—including urban residents and visitors—-
with a connection to nature not always possible elsewhere in cities and
with a broad range of social, psychological, and recreational services
(Bolund & Hunhammar, 1999; Chiesura, 2004; Gómez-Baggethun et al.,
2013). Previous research has illustrated a range of park characteristics
that affect the benefits users receive from visiting parks, though these
factors may vary depending on specific context and type of green spaces
analyzed (Andersson et al., 2015). For example, park size, recreational
amenities like water features or trails, organized recreational activities,
and accessibility have had demonstrated, positive effects on park use
and suitability of nature-based recreation (Cohen et al., 2010; Dallimer
et al., 2014; Kienast, Degenhardt, Weilenmann, Wäger, & Buchecker,
2012; Paracchini et al., 2014). While population density and forested
land cover were associated with greater demand for green space in
some contexts (Kienast et al., 2012; Paracchini et al., 2014), these
factors did not always have positive effects in others (Cohen et al.,
2010; Dallimer et al., 2014). Although metrics of accessibility and park
amenities appear important across contexts, this literature also suggests
that the full suite of factors influencing nature-based recreation in
urban areas likely varies by location, type of green space, or user groups
studied.

Reviewing this literature, measures of visitation to parks are also
clearly important to understanding patterns of green space use in urban
settings. Most studies about urban parks to-date rely, at least in part, on
traditional survey measures (e.g., visitor counts at park entrances or
questionnaires from random or representative samples of park users) to
measure demand for recreation and elicit preferences of park users for
different amenities (Cohen et al., 2010; Dallimer et al., 2014; Eagles,
2014). These methods, however, are generally limited by staff capacity
(i.e., time, expertise, or number of employees to conduct rigorous sur-
veys), costly to conduct regularly or across large or multi-jurisdictional
geographic areas, and not always spatially explicit (Cessford & Muhar,
2003; Freeman, 2014). Furthermore, there is potential for implicit bias
in these surveys techniques from the reference group or data collection
process (Ibid.). With this in mind, urban park managers and researchers
are both demanding and developing new methods derived from geos-
patial information and sensors to strengthen and expand the available
toolkit for measuring and mapping park visitation (Shoval & Ahas,
2016).

Inspired by the need for readily available, low cost park use data
and by these new approaches to assessing park visitation, we seek to
overcome logistical challenges facing previous urban park research and
management by supplementing traditional survey methods with a
wealth of novel, spatially explicit data from two online social media
platforms—Flickr and Twitter—used to estimate park visitation. In so
doing, we estimate recreational demand in 1581 diverse public urban
parks and urban and peri-urban green spaces, including, but not limited
to city parks and recreation centers, regional linear parks, golf courses,
and nature preserves, in the Twin Cities Metropolitan Area (TCMA) in
Minnesota, USA. Hereafter, we refer to this wide range of features in the
area’s park systems, which make up the spatial unit of our analysis, by
the simple shorthand of “parks” or “urban parks.”

Our research follows from recent studies demonstrating that social
media can provide a rich source of geographic information for a broad
range of applications (Goodchild, 2007; Zook & Graham, 2007), in-
cluding in the ecosystem services and outdoor recreation communities.
Notably, there have been broader calls to incorporate crowd-sourced
and geotagged social media data and a growing number of examples
using these data both in conservation science and practice (Di Minin,
Tenkanen, & Toivonen, 2015; Levin, Kark, & Crandall, 2015; Levin,

Lechner, & Brown, 2017), as well as in urban planning (Dunkel, 2015;
Guerrero, Møller, Olafsson, & Snizek, 2016; Tao, 2013). Other studies
have shown that visitation rates to recreation sites, for example, can be
reliably estimated using users’ online image-sharing activity (Wood,
Guerry, Silver, & Lacayo, 2013). This finding has inspired a number of
recent studies of nature-based tourism that use these data across various
subjects and both spatial and temporal scales (e.g., Arkema et al., 2015;
Casalegno, Inger, DeSilvey, & Gaston, 2013; Keeler et al., 2015;
Sessions, Wood, Rabotyagov, & Fisher, 2016; Sonter, Watson, Wood, &
Ricketts, 2016; van Zanten et al., 2016). Nature-based recreation is a
common focus across these examples, but researchers have tended to
focus their assessments in predominantly rural wilderness areas at large
scales, including at state and national levels.

However, more people now live in cities than in rural areas (United
Nations & Social Affairs, 2014), making it likely that the average in-
dividual’s outdoor recreation experiences occur more often in smaller-
scale, more heavily managed urban parks and green spaces than in
remote wilderness areas (Standish, Hobbs, & Miller, 2013). As a result,
while some have started to use social media data within cities to assess,
for example, transportation patterns (Toole et al., 2015; Wu, Wood,
Fisher, & Lindsey, 2017) or public perceptions and values in landscape
and urban planning (Dunkel, 2015), these methods are still nascent and
other potential applications of these data are vast (Guerrero et al.,
2016). Few studies have yet to test or use these data explicitly as in-
dicators of recreation services or proxies for surveyed visitation to
urban parks at the scale of a single metropolitan area.

Filling this gap, our study adapts and builds on existing methods
that aggregate social media data within nature-based recreation sites
(Wood et al., 2013) to test how well data from multiple social media
platforms perform in approximating urban park visitation and how
these data, combined with other geospatial information about urban
parks, can be used to assess observed user preferences within the TCMA
context. Specifically, we ask how social media data from two platforms
compare to survey methods for estimating visitation to these parks.
Then, building on previous studies of urban park characteristics and
visitation, we use these data to ask what attributes within and around
urban parks predict observed patterns of park use across the region. We
conclude by presenting a discussion of our key findings, limitations of
these results, proposed next steps for building on this approach and
improving our understanding of TCMA park use, and the usefulness of
social media as data to inform urban planning and park research and
management more broadly.

2. Methods

2.1. Study area and park system

Our study analyzed the visitation patterns, amenities, and neigh-
borhood characteristics of 1581 unique parks in Minnesota’s TCMA
(Fig. 1). Parks within the study area range in type, size, and manage-
ment—from small, municipal pocket parks to large, multi-jurisdictional
regional parks—representing a diverse sample of urban and peri-urban
parks across a single metropolitan area. More than 50 different muni-
cipalities and agencies manage the park systems in our study.

For spatial information on these parks, we compiled available vector
data with the locations of these features within our study area from the
regional metropolitan planning agency Metropolitan Council (Met
Council), Hennepin County, Three Rivers Park District, Ramsey County,
Minneapolis Park and Recreation Board, and City of Saint Paul Parks
and Recreation Department. From these datasets, we then selected
those parks located within a three-mile radius of Hennepin and Ramsey
counties, allowing us to include parks whose boundaries overlapped
with or extended just beyond county lines (see Table S1, in supple-
mentary material, for summary statistics of these parks). Hennepin and
Ramsey Counties, which cover approximately 2000 square kilometers
(800 square miles), were chosen because they contain the Twin Cities of
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Minneapolis and Saint Paul and, as a result, have the highest population
density within the seven-county TCMA, with a combined population of
over 1.7 million residents as of 2014 (U.S Census, 2015). Within these
urban and peri-urban counties, there are many well-known natural
features in our study area including the Mississippi River, which runs
through both the cities of Minneapolis and Saint Paul, Minnehaha Falls,
and hundreds of lakes, including the Minneapolis Chain-of-Lakes, Como
Lake, Lake Minnetonka, and Lake Phalen, for example, many of which
are adjacent to or near public parks. In recent years, the cities of both
Minneapolis and Saint Paul have been nationally recognized for the
quality of their park systems (Trust for Public Land, 2016).

2.2. Park visitation

To understand park use across the TCMA, we first collected existing
local survey data on park visitation. Survey-derived estimates of park
visitation were only readily available from two agencies (Met Council
and the City of Saint Paul’s Parks and Recreation Department) for 132
individual parks and recreation features: representing 8% of the total
number of parks included in our study. This relatively small amount of
available survey data across park agencies in the TCMA is not un-
common—many urban park systems do not have resources to maintain
comprehensive, systematic data on park use or make existing data
readily available (Walls, 2009).

More specifically, we obtained eight years of estimated visits cor-
responding to park boundaries from Met Council’s Twin Cities
Metropolitan Regional Park and Trail System (visitation from the ca-
lendar years 2005–2013 for 44 aggregated park systems corresponding
to 100 individual parks in our original dataset from Met Council,

2015a). Met Council collects and aggregates visitor surveys for its re-
gional system annually from local agency partners to evaluate park use
and support its funding allocation process (Met Council, 2015b). The
agency acknowledges that more frequent, disaggregated, or detailed
visitation surveys would be cost-prohibitive (Met Council, 2014). The
City of Saint Paul’s Parks and Recreation Department provided annual
visitation counts for 32 of its city-owned and managed park and re-
creation centers (visitation from the calendar years 2006–2014 from
City of Saint Paul, 2015). From these two data sources, we calculated
annual average visits to the subset of available, aggregated surveyed
parks (n=76, see Table S2 for summary statistics of the corresponding
survey visitation variable).

We then compared these survey data to visitation estimates based
on voluntarily provided, geotagged social media data from the websites
Flickr and Twitter, also aggregated by park feature. A similar method
was first applied by Wood et al. (2013) to compare the relationship
between proxy visitation rates derived from Flickr photograph densities
and visitation rates based on traditional surveys in nature-based re-
creation contexts including national parks and tourist attractions
worldwide, but few studies applying this approach specifically to urban
parks have yet been completed.

Flickr is a popular online photo-sharing platform where users can
upload their digital photographs, making them publicly available. The
Flickr database of public images is accessible via the Flickr Application
Programming Interface (API) (Flickr, 2015), which has been a novel
social media data source for mapping and research since 2009
(Crandall, Backstrom, Huttenlocher, & Kleinberg, 2009). As a whole,
this global database includes over 250 million publicly available, geo-
tagged photographs over ten years (from the calendar years

Fig. 1. Distribution of urban park and green space polygons in the Twin Cities Metropolitan Area, MN, USA. (For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article.)
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2005–2014), a small subset of which were taken within the TCMA. For
each park polygon in our study area including those without existing
survey data, we spatially queried this global set of pictures. From the set
of photographs taken within each defined park boundary, we counted
unique combinations of Flickr user and date information and called the
sum of these unique user days within a given park “photo-user-days”
(abbreviated PUD, Wood et al., 2013). The PUD variable (Fig. 2) used in
our analysis is the annual average photo-user-days per park.

Twitter is a widely popular social media platform that allows users
to make succinct, public geotagged posts or “tweets” that may include
text, link, photo, or video content. The Twitter streaming API (Twitter,
2015) distributes one percent of all public tweets, chosen randomly.
Over 13 million geotagged tweets within the TCMA were available from
the Twitter streaming API over three years (from the calendar years
2012–2014). To calculate a comparable Twitter-derived user-day me-
tric for each park polygon feature to the PUD measure described above,
we calculated each park’s annual average count of tweet-user-days
(abbreviated TUD) from available data (Fig. 2).

Both Flickr and Twitter data are unique tools and provide coverage
for estimating use across TCMA parks. However, there are some dif-
ferences in availability of social media data for estimating park use
across both platforms, allowing for further comparison and discussion.
We found slightly less than half of the parks in our study area (48%;
n=753) had at least one geotagged Flickr photograph posted between
2005 and 2014, whereas the majority of parks (88%, n=1388) had at
least one geotagged tweet posted between 2012 and 2014. To explore
spatial differences in these data, we compared which parks had no data
from social media, data only from Flickr, data only from Twitter, and
data from both websites. We found coverage of parks with data from
both platforms generally distributed evenly across the study area (Fig.
S1). In addition, we found that, for those parks with data from both
platforms, the majority of values for TUD were larger than those of PUD
across parks (Fig. S2), further indicating that, in general and on
average, a greater number of unique social media users who post from
TCMA parks used Twitter during the period of analysis.

2.3. Comparison of survey and social media visitation

To evaluate the use of social media data as a proxy for urban park
visitation, we compared our annual average measures of PUD and TUD
to corresponding survey-based estimates of visitation provided by
agencies across the available time frames described earlier. We manu-
ally matched sites included in the full TCMA park database using name
and location to the validation dataset of 76 aggregate regional systems

and local recreation centers with available, annual average agency
survey estimates from Met Council and City of Saint Paul, respectively.
Summary statistics of PUD, TUD, and survey visitation for these vali-
dation sites are available in Table S2, and maps of these variables are
available in Fig. S4. We then plotted annual average visits per park from
agency estimates (measured in units of 1000 s of visits, as commonly
used in available park agency estimates), PUD, and TUD data against
one another and estimated the fit using simple nonlinear regressions
(log-log form) of untransformed data. This allowed us to compare how
well the annual average survey and social media visitation estimates for
available park features corresponded with or could be proxies for one
another. We also completed a simple, preliminary comparison of the
sampling bias we might expect when relying on social media users, as
opposed to other types of survey methods, using demographic in-
formation of social media users derived for marketing purposes (Ignite
Social Media, 2012) and comparing that information to existing survey
data on park user demographics in the TCMA (Met Council, 2009).

2.4. Park attributes

Once we completed the process of developing and exploring park
visitation indicators, we compiled and summarized information on at-
tributes within and around each park in the TCMA from a range of
publicly available data sources. We could then couple these data with
information on visitation rates to understand which characteristics
were important to recreation in the parks across our study area.

We assembled various geospatial data layers to construct ex-
planatory variables corresponding to each park by using GIS software
and spatial operations. We identified specific variables from four gen-
eral categories that include attributes within and around urban parks:
1) landscape factors, which includes natural amenities and land cover
(e.g., park area, nearby water features, percentage of tree canopy
cover), 2) built infrastructure, such as recreational facilities and highly-
managed amenities (e.g., sports fields and courts), 3) proxies for ac-
cessibility (e.g., regional trails, bus stops, and nearby large roads), and
4) neighborhood characteristics (i.e., demographic information, such as
population density, race and ethnicity, and household income). While
we have noted that factors predicting visitation are context dependent
(Andersson et al., 2015), the selected categories and compiled variables
that we tested were supported by a previous survey of factors influen-
cing urban park visitation in the TCMA (Met Council, 2009) and further
supported by studies of urban parks in other contexts, as well (Cohen
et al., 2010; Dallimer et al., 2014; Kienast et al., 2012).

Some of these data such as water features, regional trails, and bus

Fig. 2. Maps of annual average geotagged social media visitation data: Flickr photo-user-days (PUD, left) and Twitter tweet-user-days (TUD, right) for urban park and green space
polygons in the Twin Cities, Minnesota, USA.
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stops were available from local sources (e.g., Met Council). When local
sources were not readily available for the study area, however, we
extracted geospatial data from the online mapping community and
open source database OpenStreetMap.org, which researchers have
shown to be a reliable, useful tool for crowdsourced geospatial data in
major urban areas that generally have greater numbers of active con-
tributors (Haklay, Basiouka, Antoniou, & Ather, 2010). We derived park
facility and amenity layers in this way because not all TCMA park
agencies maintain a database of these features. Neighborhood variables
of demographics were primarily derived from 2008 to 2012 American
Community Survey block group information (U.S Census, 2012).

As a final step in the data processing and variable construction
process, we recoded some predictors to presence-or-absence dummy
variables (e.g., presence of a nearby water feature within a 0.1-mile or
0.161-km buffer around the park) and aggregated some count variables
(e.g., aggregated hard court and sports fields into a “total sports facil-
ities” variable or created a “Total Amenities” variable that was a count
of all built infrastructure, such as field houses or sports facilities, within
a park). Ultimately, following this process, our database of park attri-
butes included 24 unique explanatory variables (Tables S1, S3, and S4
outline variables, summary statistics, detailed descriptions, and data
sources for these data).

2.5. Analysis and regression modeling

Once we compiled a diverse set of attributes for each urban park in
the TCMA, we selected a subset of relevant predictor variables and
developed multiple regression models, combining these data with the
dependent variables of PUD, TUD, and survey visitation. We did this to
understand the influence that certain attributes within and around
urban parks have on observed visits. In this modeling process, we were
most interested in evaluating which variables were important to the
observed variation in positive visitation across the study area (i.e.,
frequency of visits to parks across the system). We also developed
models to test whether the same or different factors were important to
the likelihood that parks were visited (i.e., visited vs. not visited).
Furthermore, by using the same predictors across these multiple re-
gression models, we could also compare in general terms how con-
sistent results were using direct observations (survey) and social media
(PUD and TUD) proxy measures of park visitation. These various re-
gression approaches helped us to investigate what factors and patterns
are generally important for both the magnitude and likelihood of park
visitation across the TCMA.

As part of the model building process, we narrowed down the full
set of possible predictors to a final subset of relevant factors based on
exploratory and correlation analyses. We stipulated that models would
have at least one variable from each of the four general park attribute
categories of landscape factors, built infrastructure, accessibility, and
neighborhood characteristics. Informed by and based on support from
previous research, these general categories and specific variables within
each have been shown to be important indicators of park use in the
TCMA and other contexts (Cohen et al., 2010; Dallimer et al., 2014;
Kienast et al., 2012; Met Council, 2009). Then, to narrow down pre-
dictors within these categories, we either eliminated or aggregated
within-group variables that were highly correlated with one another
(see correlation tables for predictor variables in Fig. S5a–e; Pearson’s
coefficients higher than 0.5 were considered highly correlated). For
example, during this process, we selected the aggregate count variable
“Total Amenities”, which represented an aggregation of the total
number of sports and non-sport facilities within a park, which were
then eliminated as individual variables from subsequent models.
Overall, this correlation-based elimination process reduced the like-
lihood of multicollinearity in the full models.

In addition to minimizing multicollinearity, we sought explanatory
variables that would be relatively consistent predictors of visitation
across models using PUD, TUD, and survey measures. To begin to

understand how consistent the remaining predictor variables would be,
we tested and compared sets of predictors in a series of backward step-
wise and recursive, partitioning decision-tree modeling analyses using
approaches available in the JMP Pro statistical software’s Partition
Platform that selects algorithms and statistical tests appropriate to each
variable’s data type. We repeated the same models for each dependent
variable before settling on the final set of predictors (additional ex-
planation of variable selection in Panel S1).

Ultimately, based on these variable selection and preliminary
modeling processes, we selected seven variables to include in our final
multiple regression models: park area, presence of a nearby water
feature, percentage tree canopy cover, total number of amenities (in-
cluding sports and non-sports facilities) offered within a park, length of
regional trail segments, number of nearby large roads, and population
density. We used these variables as predictors of visitation in our full
models across measures of visitation, assessing the direction and
strength of the effect corresponding to each variable.

With our variable set finalized, for the subsets of parks with positive
visitation data (PUD n=753, TUD n=1388, and survey visitation
n=76), where at least one photograph, tweet, or surveyed visit was
observed, we ran negative binomial generalized regressions, appro-
priate for count data with overdispersed, highly skewed distributions
(Cameron & Trivedi, 1998). We selected the negative binomial form
based on mean-variance ratios of the count data and significance tests
of the Pearson dispersion coefficients, confirming overdispersion of the
dependent variables of interest. We then used multiple logistic regres-
sion to explain dummy PUD and TUD dependent variables for the full
set of parks with complete attribute data (n=1581), to improve our
understanding of the factors influencing the likelihood that parks are
visited or not, based upon the social media-derived proxies for visita-
tion.

Results from the negative binomial regression and multiple logistic
models across dependent variables of PUD, TUD, and survey visitation,
further enabled us to compare consistency and incongruity across these
measures. Through this comparison, we then evaluated how factors
predicted a park’s magnitude of observed visitation and the likelihood
that users of different social media platforms would visit these parks.
Results from the various modeling exercises provided us with insights
into drivers of park use, information which could be relevant to park
managers for prioritizing improvements or investments to parks across
the study area.

3. Results

3.1. How do different visitation indicators compare?

In our analysis comparing measures of park visitation based on
traditional survey approaches and social media, we found significant,
positive relationships across visitation rates measured by agency survey
estimates, Flickr, and Twitter use in selected parks (R2= 0.67 and
R2=0.64, for regressions comparing surveyed visits to PUD and TUD,
respectively) (Fig. 3). Additionally, we verified that PUD and TUD were
significantly correlated with one another (R2= 0.90). Notably, since
we know not all urban park visitors share photos online or tweet, these
results also illustrate that it would likely take a minimum number of
visitors to a given park per year in the TCMA, before we would see
social media being a representative indicator of visitation. This is
shown by the positive regression line intercepts on the comparisons
between empirical visitation and both PUD and TUD measures (Fig. 3A
and B, respectively). In general, these findings support the use of social
media data as a proxy for park visitation and our application of these
data to evaluate factors influencing park visitation in an urban area.
These results build on existing evidence that has validated the use of
data from social media platforms as tools to evaluate cultural ecosystem
services across other scales and contexts (for examples, see Wood et al.,
2013; Keeler et al., 2015; Sessions et al., 2016; van Zanten et al., 2016).
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Acknowledging the bias inherent in social media platforms and the
corresponding potential for bias in our particular application and study
context, we also compared characteristics of average users from both
Twitter and Flickr (Ignite Social Media, 2012) to reported demo-
graphics of park users in the Twin Cities available from a

comprehensive survey of the TCMA regional parks system (Met Council,
2009). From this comparison, we found that, in general, users of both
the Flickr and Twitter social media platforms are somewhat younger
and more likely to be female than the sample of park users that agencies
surveyed. Specifically, in terms of age, Flickr users were approximately
40.2 years old on average and Twitter users were 37.1 years, while park
users in the TCMA were 40.8 years old on average, according to agency
surveys. In terms of gender, users of Flickr were reported to be 55%
female and Twitter users were 62% female; compared to average park
users in the TCMA who were only 48% female. That said, in the absence
of more disaggregated demographic data on recreational users of urban
parks and the subset of those using Flickr and Twitter in the same area,
it remains a challenge to understand precisely how representative our
study’s samples of social media users are relative to the area’s urban
park users. At this time, we were unable to disaggregate or infer user
data from the aggregate data we extracted from the social media plat-
forms. However, others have started to develop approaches to gather
information from social media users public profiles (see e.g., Sessions
et al., 2016) to begin to improve our understanding of who are re-
presented by these data and how we may begin to correct for bias when
applying these methods across urban areas with diverse sets of park
users in the future.

3.2. Which factors predict urban park visitation?

Indicators of the presence of nearby water features, number of total
amenities within a park, length of trails, and population density of
nearby neighborhoods had positive and significant effects on visitation
rate across all three models of visits to parks containing at least one
geotagged photograph, tweet, or surveyed visit (Fig. 4, Table S4). This
result illustrated factors that are strongly and consistently associated
with higher park use in our study area.

The remaining predictor variables of park size, land cover, and
nearby large roads, had inconsistent results—in either sign or sig-
nificance—across models of park visitation. For example, while park
size and number of nearby large roads were positive and significant
predictors in models of park visits according to PUD and TUD, these
variables were not significant in the model of surveyed visits. Land
cover measured by the percentage of tree canopy within a park was
significantly and positively related with park visitation measured by
PUD, was significantly but negatively associated with TUD visitation,
and was a non-significant predictor of surveyed visitation. While we
had originally posited that more ‘natural’ land cover would have a
positive influence on park visitation, these inconsistent model results
reveal the relationship between land cover and urban park visitation
may be more complex than originally hypothesized. This result may
also suggest that the percentage of tree canopy across an entire park is
not be the best-suited indicator of the importance of natural land cover
at this scale or for the purpose of comparing across park systems with a
wide variety of park and green space types.

We also evaluated factors that influenced the likelihood that a park
was visited or not as measured by social media data (i.e., the prob-
ability that a park would have a Flickr photograph or tweet posted
within its boundaries or not, represented by PUD_dummy and
TUD_dummy variables). The characteristics that affected the likelihood
of visitation varied from those that explained the magnitude of visits
(Table S5). Measures of the presence of water features, land cover, and
total amenities had significant effects on both social media dummy
variables, while the number of large roads and neighborhood popula-
tion density were important for the PUD dummy variable, but not for
the TUD dummy variable. These results suggest that different predictors
influence visitation for those parks that have recorded social media use
(and how many visits those parks have) than by those with no recorded
social media use during our study period.

Fig. 3. Social media validation plots of annual average visitation to parks in the Twin
Cities, Minnesota, USA, measured by 1,000 s of visits per year (common unit of analysis in
available park agency visitation estimates) from empirical survey counts, Flickr photo-
user-days per year, and Twitter tweet-user-days per year. Observations are features for
which we had survey data (n= 76). Regression lines are nonlinear fits plotted on log-log
axes. Corresponding R2 values for each regression are 0.67 (A. survey-PUD), 0.64 (B.
survey-TUD), and 0.90 (C. TUD-PUD). The dotted line in each panel represents a 1:1
relationship between the compared measures of visitation.
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4. Discussion

Through the use of social media and on-site surveys as data sources,
we confirm the importance of different landscape, built infrastructure,
accessibility, and neighborhood attributes in influencing recreational
use of urban parks and green spaces, which has implications for how
managers invest in or manage these spaces. Parks with nearby water-
bodies, a greater number of amenities, and accessible trails, and those
located in more densely populated areas have significantly more visits.
These results are consistent with factors that have been shown to in-
fluence recreation in the Twin Cities and elsewhere (Cohen et al., 2010;
Kaczynski et al., 2014; Kienast et al., 2012; Met Council, 2009). For
example, surveys of TCMA park system users illustrated that the ma-
jority of users relied on cars and trails to access parks and that primary
activities of park users included biking, walking, swimming in nearby
water features, and other uses of available amenities (Met Council,
2009). Previous studies have also shown that the number of facilities
and activities offered by parks were significantly correlated with visi-
tation to diverse park systems in metropolitan areas in Southern Cali-
fornia (Cohen et al., 2010) and in Kansas City, Missouri, USA
(Kaczynski et al., 2014), for example. Others have shown that the
presence of waterbodies correlates with higher use in neighborhood
parks located in cities and towns in Switzerland, for example (Kienast
et al., 2012). Our findings, which support these previous studies, lend
additional evidence to the importance of both natural and built infra-
structure to recreational users of urban parks.

In this study, we examined how well estimates from two social
media platforms—Flickr and Twitter—can approximate results of more
traditional surveys of visitation. We then used these location-based
social media data as proxies for urban park visitation, combined with
information about parks themselves, to assess determinants of park use
in a specific case study of parks in the TCMA. More specifically, we
validated annual average user-days derived from Flickr photographs
and tweets from Twitter by comparing them to available survey esti-
mates of visitation (Fig. 3). Relative to surveyed visitation data, social
media data sources offered a greater magnitude of observations across
the study area, which generally reduced the size of the standard error

bounds associated with regression model results (Fig. 4). As illustrated,
geotagged social media data can provide urban park agencies and re-
searchers with information and trends on recreation patterns across
park systems that may not be otherwise accessible. This case study and
analysis illustrated that the annual estimates from both social media
websites are flexible and reasonable proxies for agency-estimated park
visitation derived from more traditional survey methods.

Despite these clear benefits for using social media data to evaluate
drivers of park use, there are a range of limitations that these data
present, as well. Our results that park size, tree canopy as an indicator
for natural land cover, and the number of nearby large roads are not
always consistently significant across models of park visitation suggest
some of these limitations (Fig. 4). Further analysis is needed to un-
derstand the nuanced relationship between these variables and social
media use in our study area—or even differences in the social media
platforms and users themselves. In our study, the change in direction
that the percentage tree canopy cover variable had across models (i.e.,
positive for PUD and negative for TUD, while significant for both
models) could suggest that those users who take and upload a photo-
graph to Flickr may be drawn more to forested urban parks, whereas
less canopy cover may be an important factor for park users who post to
Twitter. Previous research in other contexts suggested that parks with
more natural vegetation are not always visited more than others, al-
though these same studies noted that individuals with preferences for
nature may travel farther for more vegetated parks than those without
these preferences (Lin, Fuller, Bush, Gaston, & Shanahan, 2014;
Shanahan, Lin, Gaston, Bush, & Fuller, 2015). Further cross-platform
comparison of social media user behavior could help test which ex-
planation is best supported in this context. In addition, future analyses
of the typology of different park areas or types of parks across the re-
gion (i.e., splitting parks into those with or without nature-based fea-
tures of interest such as lakes versus rivers, parks with a certain
threshold of forest cover and with not, or by use type such as linear
versus neighborhood parks; see also: Ibes, 2015) could help us better
understand the nuances across parks within the TCMA system and the
types of users attracted by specific factors.

We demonstrated a number of benefits of using social media data

Fig. 4. Explaining urban park visitation in the Twin Cities, Minnesota, USA, with multiple generalized negative binomial regression results visualized using dot-whisker plot (on left) of
coefficient estimates and t-statistics (unitless measure calculated as coefficient/SE, on right) to illustrate direction and magnitude. Asterisks indicate significant effects of variables on
visitation measures at 95% confidence interval. Models were fit using negative binomial distributions (supported by overdispersion test) and maximum likelihood estimation.
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and their application in urban park planning contexts, supporting pre-
vious work that has validated their use in nature-based recreation
(Keeler et al., 2015; Wood et al., 2013). However, as we presented in
our results from comparing typical social media users to those visiting
urban parks in the TCMA, it becomes clear there remains the potential
for sampling bias and other limitations when using these data that also
need attention (Di Minin et al., 2015; Li, Goodchild, & Xu, 2013). While
we explored the importance of neighborhood factors such as population
density on park use in our final models and featured other demographic
variables such as race and ethnicity or income from the U.S. Census in
our initial, exploratory analyses, we acknowledge limits in our ability to
understand and fully characterize existing bias, when we focus solely on
data posted to social media platforms that are used by only a subset of
the population. An analysis of Internet users by the Pew Research
Center reported that only about 20 percent of adults used Twitter in
2013 and 2014 (Duggan, Ellison, Lampe, Lenhart, & Madden, 2015),
and social media sites like Flickr and Twitter generally have more ac-
tive user bases in denser urban areas than elsewhere (Hecht & Stephens,
2014). These social media sites tend to be biased towards younger,
wealthier and more technologically-savvy people (Ignite Social Media,
2012). Further evidence suggests users of the website Flickr were not
necessarily representative of all nature-based recreationalists across the
states of Iowa and Minnesota (Keeler et al., 2015). As we presented in a
comparison between social media users and existing survey data on
users across the TCMA park system, we confirmed that in general, users
of both Flickr and Twitter are more likely to be younger and female
than the sample of park users that local park agencies identified. Ulti-
mately, these findings show the need for both continued analysis and a
discussion of bias when using these methods and results for park
management and for the utility of using multiple measures of visitation
for comparison and indicators of uncertainty.

We also compared parks with and without social media use during
the study period to understand if the availability of social media data
were influencing our results. We found a number of parks where no
photographs or tweets were shared publicly online (Fig. S3). Based on
this initial observation, we determined which predictors influenced
whether or not a park was visited using social media data (Table S5).
We found both commonalities and differences in the significant pre-
dictors across these measures when compared to the models of varia-
tion in positive visits in our study area (Table S4). This result illustrates
that there may be potential limitations to using social media data to
explain or extrapolate visitation behavior and user preferences for
urban parks with low visitation rates where no public, geotagged social
media data are currently available.

While we acknowledge a range of limitations in using social media
data, it is also important to note that more traditional methods of site-
specific surveys currently used by most agencies and researchers to
characterize patterns of park visitation are not without their own
biases. Field observations, derived by staff using hand counters or re-
cording forms, can be subjective, used in unsystematic and opportu-
nistic ways, and are generally constrained to a specific study site—li-
miting the accuracy of surveys and where and how they can be applied
(Cessford & Muhar, 2003; Freeman, 2014). Indeed, the survey visitation
data provided by Met Council (2015a) and the City of Saint Paul (2015)
analyzed in this paper are not random samples of parks from the Twin
Cities and only include the metropolitan area’s regional park system
and select parks with recreation centers in the City of Saint Paul, where
visitor counts are routinely collected and publicly available. As such,
with content and data from social media presenting a unique source of
information about cultural ecosystem services and observations of
people’s revealed preferences (Gliozzo, Pettorelli, & Haklay, 2016;
Guerrero et al., 2016), it can be helpful to compare and combine
multiple approaches, as we have illustrated in this analysis, to see a
broader picture of recreation demand and patterns across urban park
systems. We argue that this discussion highlights the need for continued
and critical analysis of the strengths and weaknesses of both social

media data and other methods used in park planning and monitoring
efforts to track visitation. Additional research into these topics will
ensure the methods and tools available to managers continue to im-
prove and are accurately and transparently used in future applications.

5. Conclusions

As urban areas continue to grow and demographics shift, it is likely
that park usage and patterns of visitation to public green spaces in cities
will also change. Park managers will need flexible tools to understand
visitors and use patterns and to be responsive to these changes. Drawing
on a comprehensive database of compiled characteristics of over 1500
urban parks and new methods and information on park visitation using
social media data, we demonstrate that the landscape, built infra-
structure, accessibility, and neighborhood attributes of a given park are
likely to influence the number of visits it receives. We rely on a specific
case study from the Twin Cities in Minnesota, which is this region’s first
large-scale, multi-jurisdictional statistical analysis of recreational de-
mand across the area’s urban park systems that combines available
survey and proxy social media measures of visitation from both Flickr
and Twitter. During the course of our analysis, the Minneapolis Park
and Recreation Board, one of the local park agencies within our study
area, launched a 20-Year Neighborhood Park Plan that will include
prioritizing investments of close to $300 million over the next two
decades to improve the city’s neighborhood parks (Minneapolis Park,
2016). Decisions about what types of amenities or areas to prioritize
investments, such as those faced by the Minneapolis Park and Recrea-
tion Board, can be strengthened by improving our understanding of
where and why users are visiting parks, which our analysis does for
urban park systems throughout the TCMA.

While this approach has implications for local planning in the
TCMA, our methods and the use of social media data as a planning tool
have the flexibility and potential to be applied to other contexts and at
other scales of analysis by urban park managers and researchers.
Furthermore, results from our analysis could be readily compared to
those from other geographies that apply similar methods, such as recent
work by collaborators exploring visitation across the park system of
New York City, NY (Hamstead et al., 2018), to understand similarities
and differences of patterns that emerge from these data across cities.
Applications of this approach elsewhere can allow urban planners and
park managers to rapidly assess visitation, utilizing new tools to un-
derstand the demand for recreation services and public green space in
their cities.

Further analysis and future applications using social media data and
methods either in the TCMA or across other urban park contexts could
address limitations outlined in this study and other gaps that re-
searchers have identified in both park management practice and cul-
tural ecosystem services research in cities (Larson, Jennings, & Cloutier,
2016; Andersson et al., 2015). Planners could use these data pre-
dictively to assess marginal changes in visitation as a result of changes
in park characteristics, amenities offered, or neighborhood demo-
graphics in alternative future scenarios and use these results to inform
city- or regional-scale recreation studies, tourism assessments, and
other types of spatial urban planning. Future research or applications
could also adjust our methods and approach by disaggregating data
from social media to finer temporal scales than the annual averages
used within the scope of our analysis, lending insights into how park
visitation may vary seasonally or day-to-day. As urban areas grow and
demographics shift, the ability for park management to understand and
respond rapidly to changes in visitation provided by such analyses may
become even more important.

Additionally, one could analyze the raw social media content—such
as elements within a Flickr photograph or the keywords in a tweet—to
evaluate the social benefits an urban green space provides, to under-
stand the behavior and preferences of park users (Richards & Friess,
2015). This additional information from social media data could also
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connect park use with management of these spaces (Ernstson, Barthel,
Andersson, & Borgström, 2010; Guerrero et al., 2016). Or, these data
and approaches have the potential to be used to assess the intersection
between the distribution of visits or amenities and the equitable access
to benefits in park systems, a growing area of both research and policy
in nature-based recreation and urban sustainability (see, e.g., The
White House, 2017; Boone, Buckley, Grove, & Sister, 2009; Rigolon,
2016; Wicks & Crompton, 1989). For example, looking at documented
equity problems associated with park investments and gentrification
(see e.g., Wolch, Byrne, & Newell, 2014), one could explore ways of
assessing changes in social media content and user data (Li et al., 2013)
over time, coupled with other fine-scale socio-economic or cultural
factors, to assess how new park investments impact who has access or
who uses urban parks and, as a result, what impacts those park in-
vestments have on surrounding neighborhoods.

Ultimately, this study and the range of next steps we have outlined
illustrate how novel sources of data from social media platforms can
inform future urban planning practice and research to improve our
understanding of patterns of recreation and cultural ecosystem services
in urban parks and public green spaces.

Software

Esri ArcGIS 10.2 (Maps and Spatial Analysis), JMP Pro 11
(Statistics), Graphpad Prism 6 (Validation Regression Visualization), R
Project (Plots of Multiple Regression Results and Correlation Matrices),
Adobe Illustrator CC 2017 (Plots of Multiple Regression Results).
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