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1. Introduction

Environmental planners and conservation scientists emphasize
the importance of taking into account the cultural services pro-
vided by ecosystems when making environmental management
decisions (Daniel et al., 2012). The Millennium Ecosystem Services
Assessment (MEA) (2005: 8) defines cultural services as the
“nonmaterial benefits people obtain from ecosystems through
spiritual enrichment, cognitive development, reflection, recreation,
and aesthetic experiences.” Included among these benefits are
“cultural diversity, spiritual and religious values, knowledge sys-
tems, educational values, inspiration, aesthetic values, social re-
lations, sense of place, cultural heritage values, recreation and
ecotourism” (Daniel et al., 2012). Rawluk et al. (2017: 13) argue that
knowing which attributes the public values in a given landscape is
important because such knowledge “can support the alignment of
policy and planning to social priorities and expectations.” Envi-
ronmental planning processes that engage multiple publics are an
important means by which environmental managers can identify a

broad range of uses and values assigned to areas that are targeted
for management actions (Ellis et al., 2010; Luyet et al., 2012; Reed,
2008).

Recent studies indicate that public participation GIS (PPGIS) has
the potential to expand the ability of managers to reach a broad
spectrum of the public during environmental planning processes
(Brown and Kytt€a, 2014). Tulloch (2008: 353) define PPGIS as a
“field within geographic information science that focuses on ways
the public uses various forms of geospatial technologies to partic-
ipate in public processes, such as mapping and decision making.”
By linking uses and values to locations in the form of GIS data
layers, PPGIS facilitates environmental planning analyses that ac-
count for social values (Sherrouse et al., 2011). The social data layers
created through PPGIS can be structured for use with analytical
techniques such as an analytical hierarchical process (AHP), which
combines qualitative and quantitative factors for ranking and
evaluating alternative scenarios (Bathrellos et al., 2012). Bathrellos
et al. (2013) combined socioeconomic data along with geological
and natural hazard data to develop rural development and urban
suitability maps (Bathrellos et al., 2013, 2017). Brown and Reed
(2012) used a variant of the AHP approach, known as values
compatibility analysis, to develop an all-terrain vehicle use suit-
ability map for a national forest in Oregon, USA that incorporated
social values data collected through a PPGIS process.

PPGIS projects engage the public in a variety of ways, ranging
frommail, Internet, or in-person surveys to community workshops
and focus groups (Brown and Kytt€a, 2014; McLain et al., 2013b).
They also employ diverse technologies, including paper maps,
interactive online maps, and offline computerized mapping appli-
cations. As PPGIS becomesmorewidely used, the question of which
publics PPGIS engages assumes greater importance (Brown, 2012).
Decisions based on input from one public may have unanticipated
or disproportionately negative impacts on unrepresented publics.
And decisions made without input from key segments of the public
may prove difficult to implement. However, determining who
constitutes the relevant public is challenging (Predmore et al.,
2011). Factors such as geographic scope, the issues involved, and
who has relevant knowledge all affect which publics are relevant
for a particular planning process (Schlossberg and Shuford, 2005).* Corresponding author.
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Most planning situations involve multiple relevant publics, each
with its own set of interests and differing levels of comfort with
various forms of public engagement (Glucker et al., 2013; Haddock
and Quinn, 2016). Gaining a better understanding of which publics
are likely to be reached with which PPGIS approaches is of critical
importance if such projects are to expand public input into envi-
ronmental decision-making.

In a review of PPGIS studies conducted primarily in the global
North, Brown (2012) found that participants tended to be dispro-
portionately older, white men with relatively high levels of income
and formal education. There are exceptions to this tendency,
however. Pert et al.'s (2015) indigenous cultural ecosystem services
mapping project in Australia and Carver et al.'s (2009) use of PPGIS
for fire management planning in Montana both involved only
members of indigenous groups. Only a few studies (Brown et al.,
2014; Pocewicz et al., 2012) compare how the type of PPGIS
approach or technology used affects who participates. These
studies are ambiguous as to whether different types of participants
differ in the values they assign to the landscape or in their envi-
ronmental management preferences. Pocewicz et al. (2012) found
that PPGIS participants in Wyoming who used paper maps tended
to be older, had lived in the area longer, and had less formal edu-
cation than respondents who completed the same survey online.
Yet, both groupsmapped similar places and gave similar reasons for
why those places were important. In contrast, Brown et al. (2014)
found that participants in a landscape values mapping workshop
were more likely to be men and somewhat older than those who
did the values mapping online. Additionally, rural residents were
less likely than urban residents to participate in the online survey
(Brown et al., 2014). They found relatively little overlap in the
spatial location of sites marked by the two sets of participants. Sites
considered important for recreation, however, overlapped 67
percent of the time. As PPGIS becomes more widely used, addi-
tional studies regarding differences in who participates in work-
shop and online processes are needed so that managers can
develop outreach strategies that are more effective at reaching a
greater diversity of population subgroups.

Factors that have been found to affect the types and locations of
mapped activities, values, or management preferences include
livelihood occupation (Brown et al., 2015a), community of resi-
dence (Alessa et al., 2008; Beverly et al., 2008), stakeholder group
(Brown et al., 2015b), self-reported familiarity with the area (Brown
andWeber, 2011), income (Brown andWeber, 2011), and proximity
of domicile to study or project site (Brown, 2016). Of these factors,
residence location has emerged as particularly important in
shaping what values people map and where they map them
(Brown, 2016). PPGIS participants have a tendency tomap values or
activity sites that are close to home (Beverly et al., 2008; McLain
et al., 2013a) and assign high values to places near their homes
(Alessa et al., 2008). Pocewicz and Nielsen-Pincus (2013) docu-
mented a phenomenon known as geographic discounting, inwhich
individuals mapped positive biological conditions and land use
preferences closer to their homes and negative conditions and land
use preferences further from their homes. Sociological studies
show that significant differences exist between urban and rural
residents' outdoor recreation activities (Cordell, 2012; Dwyer,
1994). However, only one PPGIS study (Brown et al., 2015a) has
looked explicitly at how values mapping patterns differ along an
urban-rural continuum. That study showed that rural landholders'
values were concentrated in smaller areas and located closer to
their homes than those of urban or semi-urban landholders. Brown
(2016) reported that differences in place of residence was one of
two conditions associated with higher potential for mapping bias
and calls for research that pays attention to geographical repre-
sentativeness in PPGIS projects.

The need for public engagement strategies to consider the role
of place and community type has become apparent (Pert et al.,
2015). Measham et al. (2011) found that residents of isolated
dryland communities in Australia faced significant barriers to
participating in government-run community engagement pro-
cesses owing to the long distances and pressing seasonal work
demands that residents in urban areas did not face. Efforts to
implement interactive web-based public engagement forums in
England for flood risk management (White et al., 2010) and urban
development in Toronto (Rinner and Bird, 2009) indicated that
online applications can improve the reach of engagement pro-
cesses, however, they may not be effective at reaching population
segments that are less technologically inclined. Differential
participation in the face-to-face dialogue and interactive web
engagement processes described above suggest that what works in
one context may not work in another, and that there is therefore a
need for multiple engagement strategies when engaging with
different communities.

The primary aim of this article is to enhance understanding
about how two commonly used PPGIS approachesdcommunity
workshops and internet surveysddiffer in who they bring to the
environmental planning table. A secondary aim is to expand
knowledge about favored destinations and activities associated
with public forest road networks, with a focus on exploring how
favored destinations and activities differ for urban and rural resi-
dents. Our study contributes to the field of environmental planning
and management in several ways. First, it helps fill the gap in
knowledge about whether and how different types of PPGIS ap-
proaches differ in terms of the publics that they are able to engage
in environmental deliberation processes. Second, very little
research has been published regarding the uses and values different
segments of the public associate with forest road networks on
public lands. Given that many countries have extensive forest road
networks on public lands, this is an important knowledge gap that
our study addresses. From a practical standpoint, the lessons
learned from this PPGIS project can inform the development of
more effective and broader reaching PPGIS strategies and data
analysis procedures for a variety of environmental planning
situations.

2. Study area

This study took place in the Mt. Baker-Snoqualmie National
Forest (MBSNF) located in Washington (USA) on the western slope
of the Cascade Mountain Range. The 6870 sq km forest borders
Canada on the north and extends south 370 miles to Mt. Rainier
National Park (United States Department of Agriculture, Forest
Service (USDA-FS), 1990). The national forest includes nine wil-
derness areas (covering 3340 sq km) and provides access to two
heavily visited national parks, North Cascades and Mt. Rainier.
Steep topography and dense vegetation make travel through and
across the MBSNF and surrounding areas difficult and most major
transportation routes closely follow rivers. The MBSNF is catego-
rized as an urban national forest because of its proximity to several
large urban areas. Parts of the forest are located 70 km east of the
Seattle metropolitan area (pop 3.7 million) (US Census Bureau,
2015). The northern part of the forest is located within 70 km of
the Vancouver, BC metropolitan area (pop 2.5 million) (British
Columbia, 2016). Dozens of rural communities with a long history
of reliance on timber and other natural resources derived from the
national forest also are an important part of the MBSNF's socio-
economic fabric. With 2.0 million annual visitors, the MBSNF is
one of the most heavily visited national forest in the United States
(USDA-FS, 2010). The most popular activities for visitors are hiking,
downhill skiing, and scenic viewing (USDA-FS, 2010). Four major
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highways cross the Cascades within the forest's boundaries,
providing ready access to some areas of the forest. Much public use
of the MBSNF occurs along or near these roads.

The MBSNF has a dense forest road network that was con-
structed to move logs out of the woods. However, a steady decline
in timber sales and associated road maintenance funds since the
1990s has left the MBSNF struggling to maintain its road system
(USDA-FS, 2015a). In 2005, the US Forest Service adopted a Travel
Management Rule aimed at decreasing the gap between current
forest revenues and road maintenance costs. The travel manage-
ment regulations required each national forest to conduct a
science-based travel analysis to identify roads likely be needed in
the future and roads likely not needed (USDA-FS, 2012). The travel
analyses provide the foundation for the eventual development of
travel management plans in which the national forests will desig-
nate which roads to maintain and which to close temporarily or
permanently. Public lands access in the western United States is
highly controversial, with longstanding tensions between advo-
cates for eliminating or restricting human uses of public lands and
those seeking to maintain or expand human uses of such lands
(Havlick, 2002). Although not required to involve the public in
travel analyses, many national forests opted to do so in order, to
reduce the likelihood of political resistance to the eventual travel
management plans.

When the PPGIS processes described in our case study began,
the MBSNF was one of many national forests that had yet to begin
its travel analysis. In response to concerns by local grassroots or-
ganizations about the prospect of losing access to forest roads,
MBSNF officials implemented a public engagement process aimed
at eliciting data about which roads the public used and the reasons
they used them. The intent was to produce socio-spatial data that
the MBSNF Interdisciplinary Team could incorporate into its Sus-
tainable Roads Strategy and integrate with data from hydrologists,
engineers, wildlife and aquatic biologists, recreation planners, and
other technical specialists. The public road use data gathered using
PPGIS methods would be analyzed along with these other data to
prioritize which roads to maintain in the future as well as their
levels of maintenance.

3. Methods

Public engagement in the MBSNF was conducted in partnership
with a loosely organized group of local stakeholders and commu-
nity organizations known as the Sustainable Roads Cadre (SRC). Led
by the Wilderness Society and the Washington Trails Association,
the SRC included 45 organizations representing a wide variety of
interests, including off-road vehicle users, timber companies,
tourism providers, and pro-forest access voices. Two public
engagement methods were used to promote dialogue and gather
public input. The first approach was a series of community work-
shops held from June to November 2013 (Fig. 1). The intent of the
workshops was to engage local stakeholders in constructive dia-
logue and to build trust while gathering information about forest
road use. The second approach was an online survey hosted by the
SRC that mirrored the questions asked during the workshops. The
survey allowed participation from non-local stakeholders as well as
local residents who could not attend workshops. The online survey
was active from June to November 2013. The MBSNF made pre-
liminary results of the public engagement processes available to the
public in fall 2015 (USDA-FS, 2015b).

3.1. Community workshops

Participants for the workshops were recruited by the SRC and
MBSNF with help from the media. Eight workshops were held in

both urban and rural communities (n ¼ 262). The number of par-
ticipants ranged from 22 to 52 per workshop, with an average of 31.
The workshops featured two activities. The first was a mapping
exercise where participants marked priority forest destinations on
maps and identified the roads they used to access those destina-
tions. Participants also completed a short demographic question-
naire, which included questions about the frequency of forest visits,
use of forest roads, and forest management values. Participants
gathered around tables with two facilitators. Two large maps
(48 � 24 inches) on each table featured the northern and southern
segments of the MBSNF. Each person received a worksheet that
posed the question ‘What are the eight destinations on the MBS
that are important to you?’ For each place indicated, participants
were asked why that destination was important, what activities
they did there, how often they visited it, and what kind of vehicle
they used to travel there. Participants placed a dot sticker on the
MBSNF map for each destination noted, and then they used a
highlighter pen to trace the route they travel to reach that desti-
nation. The average number of destinations and routes identified
per participant was just over seven. After the mapping session,
table groups gathered for facilitated discussions around the chal-
lenges and opportunities related to changes in the size of the road
system.

3.2. Online questionnaire

The online survey allowed the SRC to engage local residents who
could not attend a workshop as well as non-local stakeholders.
However, insufficient resources were t available to develop an
interactive online mapping application. The Washington Trails As-
sociation, a member of the SRC, designed and hosted the survey on
its website; links to the survey were provided on both the SRC and
MBSNF websites. In all, 1548 individuals responded to the survey.
The questionnaire could be accessed from an IP address multiple
times; roughly 50 instances of this occurred. Since the participants
may have been different individuals using the same computer they
were treated as distinct cases. Thirty-seven of the online survey
participants also attended a workshop. Their responses were
included in both the online survey and theworkshop analyses since
the intent was to compare differences between online and work-
shop participants. Participants had access to a pdf version of a map
of the MBSNF road system for reference on the SRC website, but
could not mark directly on the map. Instead they provided place
names and used road names or road numbers to show how they the
accessed their important places. About half of the people who
logged into the survey provided no spatial data. Of participants who
provided spatial data, 727 noted at least one destination that could
be mapped. There was a consistent drop-off in the number of
participants who identified multiple destinations, with 290
providing four destinations and only 10 noting eight destinations;
the average number of destinations noted per participant was just
over three.

3.3. Developing maps from the workshop and online survey data

GIS data were created in ArcGIS 10.2.2 from the workshop map
markings using a comprehensive dataset of roads obtained from
theMBSNF. Destination points were digitized as placed on the map,
with a few exceptions. It is helpful to think about the destinations
as places at or near where people parked their cars, and to recog-
nize that in many cases the participants would then go by foot,
horseback, bicycle, skis, snowmobile, or all-terrain vehicle to some
place further from the road. Mapped destinations varied in preci-
sion as a result of the shared use of each map by multiple partici-
pants, some of whom marked destinations with the same spatial
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location. In areas with many destination dots in one location, the
points were relocated to the end of the route travelled. Destinations
points that were placed away from the road system, such as in
wilderness areas, were also moved to the end of the route travelled.

The density of workshop destinations (per square mile) was

calculated using a kernel function to create a smooth raster surface
from the individual points. To account for differences in how often
participants went to the places marked, the destinations were
weighted based on the frequency of use noted on the worksheets.
Destinations listed as being used “several times a week” or “several

Fig. 1. Mt Baker-Snoqualmie National Forest and public engagement workshop locations.
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times a month” were weighted twice as much as those listed as
being used “several times a year” or “about once or twice a year or
less”.

Without an interactive mapping component in the online sur-
vey, road names and destinations written by participants were the
only source of spatial data. The analyses were limited to destina-
tions because the road data had numerous errors and in-
consistencies. To create comparable data from the workshop
(mapped points) and online destinations (written names), a
method was developed to identify general destination areas.
Optimized hotspot analysis was employed using the workshop
destination points to create statistically significant aggregate
points. These aggregate points were then used to create Thiessen
polygons (where all space within the polygon is closer to its asso-
ciated point than any other input point), which partitioned the
entire area covered by the MBSNF. The Thiessen polygons were
manually inspected to determine whether consistent and accurate
groupings were formed.

3.4. Determination of urban/rural areas

To explore whether there were differences in how urban and
rural residents mapped, the zip codes of the participants were
divided into six groupings (Fig. 2). The groupings were designed to
have a relatively even distribution of participants among the six
groups while creating boundaries coherent with urban and rural
geographies. King County, which represents a dense metropolitan
area, was divided into northern and southern areas. Since each of
the zip code groupings includes areas that span the urban-rural
continuum, the North King County zip code grouping was
selected to represent the most urbanized end of the continuum.
The Mountain Loop area, which includes communities along the
Mountain Loop Highway, including communities of Granite Falls,
Darrington, and Arlington, was considered to represent the most
rural end of the continuum.

4. Results

Fig. 3 provides a road map to how the data were broken down
for analysis. Data from the community workshops and from the
online survey were analyzed separately. The datasets were dis-
aggregated by socio-demographics, activity, and zip code group.
Each zip code group was then disaggregated by socio-
demographics and activity.

4.1. Socio-demographics

The socio-demographics for the workshops and online survey
participants are summarized in Table 1. Workshop participants
were mostly male (74 percent), with an average age of 55, and had
lived in western Washington for an average of 37 years. Forty-one
percent participated as representatives of organizations or
agencies. Half the participants were between the ages of 50 and 69,
and another 16 percent were older than 70.Most had at least a four-
year college degree and relatively high incomes.

Online survey participants were predominantly male (71
percent), with an average age of 51 years, and had spent an average
of 32 years living in their community. Online survey participants
tended to be somewhat younger than the workshop participants,
with a smaller percentage in the 70 and older category. They also
tended to have a higher level of education and higher incomes than
workshop participants. Only four percent of the online participants
represented organizations or agencies, a striking contrast with the
41 percent in the workshops. Unlike the workshop participants, all
of whom were residents of Washington, the online participants

included residents of 20 states.
Table 1 also shows how the online and workshop participants

differed from the general population in the study area. Overall, both
the online and workshop participants were more likely than the
general population to be male. They were also older and had more
education and higher incomes than the general population.

When participants were divided into zip code groups (Table 2),
it became apparent that the workshops attracted a higher per-
centage of rural participants while the online survey had far more
urbanites. Although fewer rural residents participated in the public
engagement processes, the per capita participation rate was much
higher for rural areas than for the urban areas.

4.2. Comparison of online and workshop destinations

Although the online survey participants mapped on average
many fewer destinations than workshop participants, the total
number of destinations mapped during the online survey wasmore
than twice that mapped during the workshops. Workshop partic-
ipants' destinations were more likely to be trailhead locations.
Online survey participants' destinations were more often lakes,
mountains, etc. that were not located directly adjacent to roads.
This difference likely reflects the mapping process used in the
workshop, i.e., the tracing of a route, leads logically to marking a
location where the (driven) path ends.

Aggregating destination locations using the Thiessen polygon
method permitted comparison of the two datasets. The general
pattern for the spatial distribution of the top 30 destinations, as
shown in Fig. 4, was similar for workshop and online participants.
For both groups, the most favored locations were skewed toward
the northern half of the forest near Mt. Baker. Elsewhere in the
forest many of the top destinations were popular with both groups.
Workshop participants mapped a secondary, less tightly clustered
concentration of top destinations in the middle of the MBSNF. With
the exception of the Mt. Baker cluster, the top destinations for the
online survey participants were more dispersed across the forest; a
pattern that likely reflected a higher percentage of residents of
centrally located Seattle.

4.3. Activities

Both workshop and online survey participants listed many ac-
tivities that they engaged in while at their mapped destinations.
The activities were classified into eight groups: hiking, winter
recreation, motorized recreation, strenuous recreation, observa-
tion, collecting/harvesting, relaxation/camping and sociocultural
(Table 3). Where possible, categories were created with relatively
equal numbers of participants. Hiking, which was by far the most
frequentlymentioned activity for workshop and online participants
was assigned its own category.

Fig. 5 shows the destination densities for four different activities
for workshop participants. The use patterns for motorized recrea-
tion (Fig. 5A) and strenuous recreation (Fig. 5B) were decidedly
different from each other, but these activities were also limited to a
relatively small number of hotspots. Strenuous recreation, much of
which consisted of climbing, was concentrated primarily around
Mt. Baker. Motorized recreation was concentrated in two areas. A
southern motorized recreation hotspot was located in an area set
aside specifically for ATV use; a northern hotspot was located north
of Mt. Baker. Although activities such as collecting/gathering
(Fig. 5C) and camping/relaxation (Fig. 5D) had some areas in which
they were more concentrated, overall they were more widely
distributed through the forest.
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Fig. 2. Survey participant zip code groups.
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4.4. Urban-rural comparison

Table 4 summarizes the differences in demographic character-
istics between workshop participants and online survey partici-
pants for the most urban zip code group (North King County) and
the most rural zip code group (Mountain Loop). Online participants
in North King County tended to be more highly educated than their
workshop counterparts (51 percent of the online participants had a
Master's degree or higher versus 41 percent for workshop partici-
pants), but otherwise the two groups were similar. For the

Mountain Loop zip code group, online participants tended to be
younger and had higher incomes than their workshop counter-
parts. However, compared with their counterparts in the Mountain
Loop area, the North King County workshop and online survey
participants tended to be younger, had not lived in the area as long,
had more formal education, and fewer were in the lower income
category.

As indicated in Fig. 6, the top 30 destinations for the most urban
and rural areas differed greatly in where they were located and in
their spatial configuration. The Mountain Loop workshop

Fig. 3. Outline of the disaggregation of public engagement data for analysis by sub-group.

Table 1
Demographics of workshop and online survey participants.

Workshop N ¼ 262 Online N ¼ 1548 Online (mapped) N ¼ 727 American Community Survey 2015

Gender
Female 67 (26%) 298 (29%) 194 (30%) 51%
Male 189 (74%) 732 (71%) 449 (70%) 49%
Total Respondents 256 (98%) 1030 (67% 643 (88%) 2,303,965
Age (years)
<30 13 (5%) 55 (6%) 42 (7%) 22%
30e49 71 (28%) 368 (37%) 220 (36%) 38%
50e69 130 (51%) 465 (47%) 287 (46%) 31%
�70 41 (16%) 101 (10%) 69 (11%) 9%
Total Respondents 255 (97%) 989 (64%) 618 (85%) 2,119,622
Education
No 4-year degree 101 (40%) 309 (30%) 159 (25%) 61%
4-year degree 86 (34%) 386 (38%) 241 (38%) 25%
Masters or higher 65 (26%) 321 (32%) 232 (37%) 14%
Total Respondents 252 (96%) 1016 (66%) 632 (87%) 1,964,179
Income ($)
�50k 63 (28%) 185 (20%) 111 (20%) 37%
50k-100k 99 (44%) 353 (39%) 222 (39%) 32%
>100k 61 (27%) 373 (41%) 234 (41%) 31%
Total Respondents 223 (85%) 911 (59%) 567 (78%) 1,120,091
Average length of time in area (years) 37 31 31
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participants' destinations were nearly all located within a short
distance of Darrington (Fig. 6A), forming a very tight cluster of
points. Although there is some clustering of the North King County
workshop participants' destinations around Snoqualmie Pass
(Fig. 6C), which is located an hour's drive from Seattle, overall the
North King County workshop destinations are comparatively
dispersed over much of the MBSNF. A similar pattern is present in
the online participant results, with Mountain Loop residents' des-
tinations being relatively tightly clustered near Darrington (Fig. 6B),
and North King County residents' destinations widely scattered
(Fig. 6D). For both zipcode groups, the online participants' desti-
nations were more dispersed than the workshop participants'

destinations. The transportation network linking population cen-
ters to the national forest likely explains some of the difference
between rural and urban participants' mapping patterns. North
King County residents have ready access to a federal highway that
parallels the Cascade Range and intersects with the major east-
west highways that pass through the MBSNF. Consequently, much
of the national forest is located within a 2-hour or less drive for
most North King County residents. Although Mountain Loop resi-
dents can easily access forest roads near their homes, because they
are not located along any of the major highways they must travel
much further to reach other parts of the forest.

Table 5 summarizes the activities reported by online and

Table 2
Population of zip code groups.

Zip Code Group Workshop Participants Online Participants (mapped) Total Participants Population (2010 census) Population/1000 Participants/1000

Mountain Loopa 50 (19%) 35 (6%) 85 (10%) 84,625 85 1
US Highway 2b 33 (13%) 36 (6%) 69 (8%) 107,330 107 0.64
Whatcomc 51 (20%) 102 (16%) 153 (17%) 196,834 197 0.78

Skagit/Snohomishd 55 (21%) 146 (23%) 201 (23%) 709,687 710 0.28
Pierce/South King Countye 28 (11%) 79 (12%) 107 (12%) 1,033,078 1033 0.10
North King Countyf 44 (17%) 233 (37%) 277 (31%) 1,189,755 1190 0.23

259.99 630 892

a Rural communities including Darrington.
b Suburban Snohomish county and rural communities including Monroe.
c The city of Bellingham and surrounding rural areas.
d Puget Sound cities north of Seattle, such as Everett, and some rural communities, such as Sedro Woolley.
e Predominantly urban/suburban areas with pockets of rural communities such as Enumclaw.
f Densely populated urban areas (Seattle) plus suburban communities (Issaquah) and some outlying rural communities.

Fig. 4. Top destinations of workshop and online survey participants.
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workshop participants from the Mountain Loop and North King
County zip code groups. Clear differences existed between these
urban and rural participants in some activities. For example,
Mountain Loop participants were much more likely than their
North King County counterparts to map berry picking or hunting
sites. Conversely, North King County participants were more likely
than their Mountain Loop counterparts to map strenuous recrea-
tion sites. Urban and rural participants mapped sites for camping/
relaxation and hiking with nearly equal frequency. These patterns
held true for both workshop and online participants in the two zip
code groups. However, important differences existed within the zip
code groups between the types of activities mapped by online and
workshop participants. For both the North King County and
Mountain Loop participants, climbers and winter recreationalists
had a strong online presence. Among the Mountain Loop online
participants, nearly twice as many motorized recreation destina-
tions were mapped as for workshop participants. The results were
the reverse for the North King County zip code group, where
workshop participants mapped motorized recreation sites more
frequently than their online counterparts.

5. Discussion

This study examined whether two commonly used PPGIS ap-
proaches to public engagementd community mapping workshops
and interactive online mapping surveys d reached different pub-
lics as well as variations in public visitation by location and activity.
It also explored differences between the most urban andmost rural
participants in the destinations they mapped and the activities that
they engaged in at those places. Both analyses highlight the
importance for managers who use PPGIS as a public engagement
tool to understand how the data collection approach utilized is
likely to affect which segments of the public can or will participate
(Haddock and Quinn, 2016; Reed, 2008). Additionally, the urban-
rural analysis illustrates the importance of disaggregating PPGIS
data when reporting results to land managers and policy makers,
drawing attention to the need for understanding the spatial use and
activity type differences of participants living at different places
along an urban-rural continuum.

This research on the MBSNF's sustainable roads public engage-
ment process has important implications for the use of PPGIS as a
public engagement tool. With respect to the study's first objective,

the MBSNF case supports Brown et al.'s (2014) findings that com-
munity mapping workshops are likely to attract a different set of
participants than online mapping surveys. In both studies, work-
shop participants were more likely than online participants to be
men, somewhat older, and rural or small town residents. However,
in the case of the MBSNF, the differences between the two groups
were a matter of degree. In many respects, the two groups were
more similar to each other than either was to the general popula-
tion. In this sense, one could argue that, despite their differences,
the two PPGIS methods attracted similar segments of the public.
Other approaches, such as targeted focus groups with specific sub-
populations, may be needed to reach a broader range of forest users
(Biedenweg et al., 2014).

In both the MBSNF and Brown et al.'s (2014) studies, substantial
overlap existed between online and workshop participants in the
sites marked as important for recreation. However, the MBSNF
study revealed that workshop and online participants differed in
the types of recreational activities that they engage in at those
places. The implication for planners is that identifying the types of
activities likely to be impacted by proposed management actions
will require the use of a combination of workshop and online sur-
vey PPGIS data gathering strategies so as to reach these distinct
population segments (Haddock and Quinn, 2016; Measham et al.,
2011).

Another finding from the MBSNF process is that a much higher
percentage of workshop participants were representatives of or-
ganizations or agencies, a result that concurs with Brown et al.'s
(2014) PPGIS study in Alaska. Brown et al. attributed this differ-
ence to their use of stakeholder groups to recruit workshop par-
ticipants. However, in the MBSNF case, stakeholder groups
recruited both workshop and online survey participants, indicating
that other factors besides stakeholder involvement in recruitment
are at work. It may be that stakeholder group representatives are
morewilling to invest time in public mappingworkshops, theymay
be more likely to be paid to attend the workshops, have greater
familiarity with workshops, or see workshops as more effective
avenues for influencing public decisions (Haddock and Quinn,
2016). An important implication for public engagement strategies
is that workshops may be more suited to engaging organized
stakeholders, and online surveys may be more effective for
engaging a broader public (Brown et al., 2014).

The MBSNF study also supports the proposition that online

Table 3
Activities of workshop and online survey participants.

Activity Class Examples Workshop Online (mapped
data)

Counta Percentageb Counta Percentageb

Hiking hiking 913 53% 1613 69%
Winter

recreation
cross-country skiing, snowshoeing, snowboarding, ice glacier skills, snow activities, glacier travel, snow arrest
practice, splitboard

207 12% 361 15%

Motorized
recreation

snowmobiling, drive, motorcycle, 4� 4, off-road, trail ride, jeep, motorized rec, dual sport, ride, trail racing, travel,
touring

341 20% 140 6%

Strenuous
recreation

backpacking, mountaineering, guided ascents, climbing, alpine skills, exercise, rock climbing, summit peaks, run,
packing, swimming, rafting, mountain bike, biking, guide service

370 21% 801 34%

Observation photography, views, exploring, watching, wildlife, scenery, star gaze, view, enjoy view and nature, sightseeing,
observing, birding, look

321 19% 433 18%

Collecting/
Harvesting

hunting, fishing, harvesting, berry picking, gathering, Christmas tree, rockhounding, wood, pick plants, metal
detecting, gold panning, rock collecting, foraging, collecting

183 11% 274 12%

Camping/
Relaxation

camping, visit, overnights, hot spring, celebrate, picnic, leisure, relax, laughing, having fun, solitude, get away 329 19% 452 19%

Sociocultural instruction (work), management, trail work, study/learn/teach/education, guiding, search and rescue, research,
logging, fire-fighting, employment, weed detection, restore, monitoring, family/friends/visitors, festival, cultural,
history, tourism, riding horses/mules

226 13% 247 11%

a The number of destinations noted for each activity class.
b Since participants could list more than one activity, percentage values do not add to 100%.
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Fig. 5. Densities of four workshop activities: A) motorized recreation, B) strenuous recreation, C) collecting, and D) camping/relaxation.
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mapping surveys can be an effective tool for engaging individuals
from outside the study region (Rinner and Bird, 2009). This finding
is particularly relevant for public engagement processes involving
federal lands where management decisions affect a national public
(Brown, 2012). However, in some contexts, such as isolated rural
areas where distances are great but distrust of government plan-
ners is high, online public engagement methods may not be
effective (Measham et al., 2011). Other local considerations may
also shape participation patterns. In the MBSNF case, for example,
extreme traffic congestion in the region's urban areas may be as
formidable a barrier to participation inworkshops as long distances
in rural locations.

Although online public engagement strategies are becoming
increasingly common (Brown and Ky€atta, 2014), in implementing
the MBSNF's online survey a number of problems emerged which
call into question the advisability of relying solely on online PPGIS
approaches. The average number of destinations mapped per on-
line survey participant was less than half that for workshop par-
ticipants, a phenomenon that has been observed elsewhere
(Brown, 2016). Moreover, fewer than half of the online participants
provided useful spatial data whereas nearly all of the workshop
participants provided mappable data. Use of an interactive map-
ping application (rather than pdf reference maps) for the online
survey would likely have resulted in more reliable spatial data for
the destination points (Brown, 2016). However, it is questionable
that an interactive map would have done any better at collecting
data about the routes participants used to get to favored destina-
tions given that current interactive mapping technologies are not
well-suited to mapping linear data (Poplin, 2015). Additionally,
scale is an issue with an interactive map in contexts where the
geographic extent encompassed by the map is very large. Even if
the map has a zoom function, navigating one's way around a large
area can be tedious and time-consuming, increasing the likelihood
that participants will abandon the survey prior to completion.
Given the level of technical skill required in many PPGIS applica-
tions, White et al. (2010) and Babelon et al. (2017) recommend that
online PPGIS approaches be considered just one of a set of public
engagement tools.

In the MBSNF case, the maps used in the workshops were big
enough that participants could see a large area at once, making it

much easier for them to locate roads and sites. Additionally, the
workshops provided a venue in which participants could engage in
conversation with each other and Forest Service officials about
prospective travel management actions. If the goal of a public
engagement process is to encourage dialogue, social learning, or
build trust, workshops may be more appropriate than online PPGIS
approaches (Measham et al., 2011). However, participating in
workshops requires a substantially greater time investment on the
part of participants than filling out an online mapping survey.
Additionally, space limitations may limit the number of people who
can be accommodated at workshops, and some individuals may
have scheduling conflicts that preclude their participation
(Measham et al., 2011).

With respect to the study's second objective, the MBSNF case
lends support to the hypothesis that urban and rural residents are
likely to differ in terms of their spatial uses and activity patterns
associated with forest road networks. The only other PPGIS study
(Brown et al., 2015a) that has explicitly examined differences in
urban and rural residents' mapping patterns also found that rural
residents' favored locations were less dispersed than those of urban
and suburban residents. Brown et al. attribute some of the differ-
ence to occupational differences with rural-based farmers having a
more reduced range than urban-based natural resource and con-
servation professionals. It is unknown what role occupation may
have played in the MBSNF study since occupational differences
were not included in the analysis. Brown et al. also identified dis-
tance from the coast as a factor, with residents closer to the coast
mapping features over a smaller area. The opposite pattern was
observed in the MBSNF case, with the coastally proximate North
King County participants having a more spatially dispersed map-
ping pattern than the inland Mountain Loop participants. As
described in the results section, the transportation network struc-
ture in theMBSNF study area may explain much of the difference in
mapping patterns between the two sub-groups. One management
implication of greater clustering of rural residents' mapped features
in the MBSNF case is that they are more likely to be displaced from
their favorite destinations by forest road closures occurring near
their residences than are urban residents. Importantly, within the
urban and rural subgroups participating in the MBSNF process, the
spatial use patterns of online and workshop participants'

Table 4
Demographics of workshop and online survey participants for the most urban and most rural zip code areas.

Workshop Online (mapped)

Urban (North King County) N ¼ 44 Rural (Mtn. Loop) N ¼ 50 Urban (North King County) N ¼ 231 Rural (Mtn. Loop) N ¼ 33

Gender
Female 11 (26%) 14 (28%) 55 (27%) 7 (25%)
Male 31 (74%) 36 (72%) 148 (73%) 21 (75%)
Total Respondents 42 (95%) 50 (100%) 203 (88%) 28 (85%)
Age (years)
<30 2 (5%) 2 (4%) 10 (5%) 2 (7%)
30e49 18 (44%) 12 (24%) 90 (45%) 9 (33%)
50e69 19 (46%) 26 (52%) 87 (44%) 15 (56%)
>¼ 70 2 (5%) 10 (20%) 11 (6%) 1 (4%)
Total Respondents 41 (93%) 50 (100%) 198 (86%) 27 (82%)
Education
No 4-year degree 6 (15%) 24 (50%) 24 (12%) 15 (53%)
4-year degree 18 (44%) 12 (25%) 75 (37%) 8 (29%)
Masters or higher 17 (41%) 12 (25%) 102 (51%) 5 (18%)
Total Respondents 41 (93%) 48 (96%) 201 (87%) 28 (85%)
Income ($)
<¼ 50k 3 (9%) 14 (33%) 32 (18%) 5 (20%)
50k-100k 13 (39%) 20 (47%) 58 (32%) 12 (48%)
>100k 17 (52%) 9 (21%) 91 (50%) 8 (32%)
Total Respondents 33 (75%) 43 (86%) 181 (78%) 25 (76%)
Average length of time in area (years) 28 42 29 39
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Fig. 6. Destinations of survey participants from the most urban and most rural zip code areas: A) Mountain Loop workshop, B) Mountain Loop online survey, C) North King County
workshop, and D) North King County online survey.
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destinations were broadly similar but the types of activities they
engaged in were very different. This finding suggests that,
depending on the context, it may be important to use multiple
engagement methods even within population sub-groups.

Questions also emerged from the study regarding the degree to
which one can assume that PPGIS data are reliable. Both the
workshop and online survey approaches used by the MBSNF
assumed that participants had a sufficiently detailed knowledge of
the road system in the forest to be able to identify favored sites and
could accurately read maps. However, during the workshops many
participants struggled with mapping routes and finding specific
places, often relying on fellow participants for help. They experi-
enced these problems despite having a large and detailed map at
their fingertips, a problem that has been reported elsewhere
(Nahuelhual et al., 2016). Comparable observations for the online
survey participants were not available, but it is reasonable to as-
sume that users of the online maps would have had similar prob-
lems given that studies have found that users experience
challenges in navigating web-based maps (Babelon et al., 2017;
Poplin, 2015). More usability studies, such as Poplin's (2015)
experiment looking at how different types of users interacted
with an online PPGIS mapping application in Germany, are needed
to improve understandings of how different types of users interact
with these technologies. Equally important, research on how
different ways of engaging with maps might affect the quality of
spatial data is lacking. As the field of PPGIS matures, improving
understandings of how people engage with different types of maps
and what the ramifications of different mapping technologies are
for spatial data quality are areas that are ripe for research.

6. Conclusion

Our study shows that different constituencies were reached
through the online and workshop approaches. If the online survey
had been the only approach used, the use and activity patterns of
rural residents would have been obscured. On the other hand, if
only the workshops had been used, the use and activity patterns of
the urban community would have been less apparent. Our study
has important management implications at a time when govern-
ment agencies are increasingly relying online public engagement
strategies. It suggests that the growing tendency for agencies to rely
on online public engagement applications may result in leaving out
important constituencies. Specifically, our analysis suggests that
environmental managers who wish to engage both urban and rural
constituencies will need to use more than one type of public
engagement strategy. It also highlights the importance for man-
agers to have an understanding of which public engagement stra-
tegies are appropriate for different constituencies.

Disaggregating the data during analysis allows one to see dif-
ferences in the places that matter to different types of people, and

to tease out which groups' preferences are dominating spatial
patterns. While overall patterns of use are important, it is equally
critical to understand how different segments of the population use
the forest, where they go, and which routes they take to get there.
Likewise, when considering management actions, a residency
analysis can shed light on how particular actions might affect
different communities. On the MBSNF, there were at least two
distinct constituencies (i.e., urban and rural) whose concernswould
need to be acknowledged when making decisions about which
roads to close on the MBSNF. In other management contexts,
breakdowns by age, gender, income level, and length of residency
may yield similarly striking differences in spatial patterns of use.
Fine-level analyses of these types are useful for identifying more
clearly the population segments and activity groups most likely to
be affected by proposed management actions. The MBSNF public
engagement project also points to the importance of improving
understandings of how different methods and study designs are
likely to affect whomaps, how theymap, and what theymap (or do
not map). Doing so will require advances in our understandings of
how map size, amount of detail on the map, presence of others
during the mapping process, and other variables affect both how
people interact with maps and the quality of mapped data.
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