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Effects of land tenure and protected areas on ecosystem services and land use preferencesin
Norway
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Abstract

Prior research has examined the relationship between physical landstdgessystem
services, but the distribution of ecosystem services by land tenure and proteateid &ess developed.

We analyze the spatial distribution of participatory mapped ecosysteesyak indicators of

© 00 N O

ecosystem services, to determine their relationship with land tenure in southeryNoregion

10 characterized by private, village, and state commons lands overlaid wighatesi protected areas

11 managed by local governments. We found land tenure to be a significantly strauietoprof the

12  distribution of ecosystem values and land use preferences than protected aseRstegcted area

13 designations layered on older land tenures exert relatively little infllembew Norwegians perceive
14  ecosystem values and land use preferences. The exception is a few iconiogadeksdn state

15 commons where participants mapped a higher proportion of biological diversity andidoeaist

16 natural qualities. Hunting and fishing opportunities were especially importarkaigevcommons,

17 whereas social interactions, gathering, and cultural identity clusiesedsettlements on private lands.
18 The cultural ecosystem values of recreation and scenery were most fregiertified, but were

19 unrelated to both land tenure and protected areas. Cabins, tourism development, and snaogenobile
20 were important land uses to regional residents and most controversial in the ccanohpnstected

21 areas, but the overall potential for land use conflict appears highest on pmeatedaticipants

22  mapped preferences to increase predator control across all tenusgeflee strong interest in large
23 game hunting and livestock grazing in the region. Overlapping tenures thahyaaea before the

24  designation of protected areas are important for understanding conserffattwemess and the

25 potential for land use conflict.

26

27 Keywords: PPGIS; land tenure; commons; protected areas; ecosystem values
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I ntroduction

Ecosystem services describe the contribution and capacity of ecosystemsde goods and
services to satisfy human needs and promote human well-being (de Groot et al., 2kiéardBetral.,
2012). To date, much research effort has focused on identifying the value oterogyections,
goods, and services (de Groot et al., 2002) provided by natural or semi-natural $¢ststausza et al.,
2006) for the purpose of integration with landscape planning, management and decision(deaking
Groot et al., 2010). The spatially explicit mapping or assessment of ecosystaraessapgears
essential for the development of strategies that will ensure their fuppé/gMartinez-Harms and
Balvanera, 2012). But the scientific underpinning to assess and manage ecgsygiess has been
limited by a focus on discipline-bound sectors of the full social-ecologicansy&arpenter et al.,
2009) with greater research emphasis on the ecological and economic components teihecosys
services over the social systems that may enhance or constrain the provisigite$.se

There is a growing awareness of the importance of institutions for understtrelsgatial
distribution of ecosystem services. In the recently published conceptuahioaknef the
Intergovernmental Platform on Biodiversity and Ecosystem Services ([P BE®utions take a
central role in explaining all aspects of how people and society organize anctiwithhanature (Diaz
et al., 2015). Institutions are defined by IPBES as “all formal and infonteabictions among
stakeholders and social structures that determine how decisions are taken antited, how power
is exercised and how responsibilities are distributed” (p. 13). They are percethieduaslerlying
causes explaining land use and land degradation. Protected areas are an exampléaisribiat aim
to protect the supply of global benefits such as biodiversity, but the evidence fiethigeness of
protected areas to supply some ecosystem services is equivocal. For ezastgieable use areas and
community-based conservation are, in some cases, more effective in haltingtdaérehan strict
protection (Nelson and Chomitz, 2011; Nolte et al., 2013; Lambin et al., 2014). These results echo
decades of research on institutions suggesting that private, public, or comnsaltarecannot
ensure sustainability over time (Ostrom, 2007).

More empirical research on land tenure, defined as the “set of institutions anelspiblat
determine how land and its resulting resources are accessed, who carfioeméfiese resources, for
how long and under what conditions” (Robinson et al., 2014, p. 282), is needed to increase our
understanding of how the spatial distribution of ecosystem services may be iefliniand tenure.

Institutions influence the supply and distribution of ecosystem services, butsbeefct historical
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demand for resources. Comparing private, communal, and state land may undertdstimgtertance
of complex land tenure systems with overlapping bundles of historically derivedtygrogkts
(Holland et al., 2014). Many of these studies try to explain deforestation by lanel &emlprotected
areas, but lack the empirical data to investigate or control for local valuesedekpces that have
evolved in these socio-ecological systems over time. Landscapes shaped bydwenorgy time
periods appear particularly important in the evolution of landscapes in EuropagNE81; Antrop,
2005; van Gils, 2014). Institutions built around shared rights to pastures and other resources
traditionally used for subsistence are highly valued today as cultural égreds(Daugstad et al.,
2006a; Soliva and Hunziker, 2009; Rodriguez-Ortega et al., 2014, Plieninger et al., 2015). While
pastoral commons in the European lowland was dissolved in thentB18' century, there are still
upland agro-pastoral commons in which owners of ancestral farms have a usa-sbbeetively held
land (van Gils, 2014). Transhumance is still practiced in some of these agroimastorens, where
livestock is moved between the permanent farms and up along altitudinal gradsemtsrier farms
(Daugstad et al., 2014).

In the mountainous region in Norway, land tenure deriving from shared subsistesceicis
as grazing, hunting, fishing and gathering has survived since the pre-mediesalnithe last half
century, protected areas have been designated that promote different valuesdtoripaterical use.
In this paper we seek to understand how these land tenure regimes overlaid bgdaveas influence
the ecosystem values held by local people and the preferences for land useedrargas
emphasizing public goods and non-consumptive values could be in conflict with the trathiohal
tenure systems that have evolved primarily to regulate consumptive uses, @E¥)§; Kitamura and
Clapp, 2013). There has been limited research on the interplay between land tenunéeatetareas
and their effects on ecosystem values and land use preferences. The cortiexifeegtigation is the
country of Norway with a historic system of both village and state commoed basuse rights that
have been overlaid with contemporary protected area designations managedabyadrd following
governmental reform in 2009 (Fauchald and Gulbrandsen, 2012). We posit that differestieacosy
values and land use preferences may be associated with agro-pastarad syserway that have
been managed as commons since pre-mediaeval times compared to landscageddimahaied by

smaller, private properties.

Using PPGIS to identify spatially explicit ecosystem services



91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

Page4 of 38

Public participation GIS (PPGIS) is a term that describes a rangeiofgaaory methods
and processes that generate spatial information for urban, regional, and enviabplaaning
applications (see Brown and Kytta, 2014; Brown, 2005) with increasing use tolgpadiatify
ecosystem values. In their review of PPGIS to identify ecosystemegrdmwn and Fagerholm
(2015) identified more than 30 empirical studies characterized by case stuogcgs and
methodological pluralism. The mapping of ecosystem services has been opkzatiarsng three
typologies—the millennium ecosystem assessment typology (MEA, 20@b)J]scape values
typology (Brown and Reed, 2000), anthadscape servicaypology (Fagerholm et al., 2012). The
most frequently used typology in PPGIS to identify ecosystem servicesdrathbdandscape values
typology consisting of 10-13 common values that are adapted to fit the local ategiomational
context of a particular PPGIS study. The landscape values typology is &sbtleal“social values for
ecosystem services” typology (Sherrouse et al., 2011) and has been used in more thash&sl publi
PPGIS studies (Brown and Kyttd, 2014). The topology contains cultural ecosystes sath as
recreation, aesthetics, history/culture, and spiritual values, but also includels @adralues for
provisioning ecosystem services (economic/subsistence value), and suppottiatyrg@gcosystem
services (biological and life sustaining values). For purposes of consistenage the term
ecosystem vads to refer to participatory mapped attributes in this study. These ecosydtem va
locations are indicators of the ecosystem services (“benefits”veetby study participants.

Of particular relevance to this research are PPGIS studies that haveezk#re spatial
distribution of ecosystem values by land use and protected area designationniue eBeown and
Alessa (2005) found that legal “wilderness” areas in Alaska contained dispooptety more
ecosystem values associated with indirect and intangible uses suchsasthi@ing, spiritual, and
intrinsic values while on multiple-use, national forest lands, recreation ame@estlues were
consistently the most frequently mapped values (Brown and Reed, 2009; Beverly et alGl20@8it-
Potter, 2006). A recent PPGIS study by Brown et al. (2014) examined the spatlatitst of
ecosystem values on public lands in Victoria, Australia. The study determinéettygneral public
associated certain classes of public lands with specific types of ecosytess, e.g., the public
disproportionately associated biological values with strict nature presegeesation values with
community and regional parks, and wilderness values with national parks.

These previous studies, however, were situated in Western countries such as the U.S

Canada, and Australia with reasonably well-defined property rights and gowestaurature for public
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122 lands. This situation is not the case for Norway which has an older land tenure aydtem

123 decentralized management of protected areas to a local level of governance

124

125 Overview of land tenure system in Norway

126

127 The uplands in Norway have functioned as subsistence agroecosystems since 4000-3.500 BP

128 (Olsson et al., 2000) and have been perceived as shared pastures since pre-meese\Beitye,

129  2006). The village commons that were first described in the old landscape laws figatite16'

130 century, theGulatingandFrostating were formally codified in the “law of the realm” from 1274

131 (Falkanger, 2009). The usufruct rights allowed farmers shared access sbesudesuses on common
132 land owned by the Crown. The law also allowed farmers to build summer farms and it ayittne
133 their livestock throughout the summer. In th& téntury, the King started to sell the land which was
134 bought by private interests or the farms sharing the grazing lands. The renteingas later

135 designated as state commons in the forestry legislation from 1857 and the 1963 antingasstied
136 from the village commond®{gdeallmenningCrown land bought by the village) and village commons
137 (Crown land bought by private owner, but included usufruct rights to common lands) (Falkange
138 2009). In all the commons, the usufruct rights remained roughly the same and encoropiessieve
139 rights to subsistence use of wood, mosses, peat, grazing areas, haymaking, andsbuilaiegfarms,
140 and personal rights to fish, trap, and hunt. The regulations established local boards redpotiséble
141 management of forestal{menningsstyre In 1920, upland boards were established in the state
142 commons in southern Norway to manage and regulate summer farms, grazing, fishingiagd hunt
143 rights in the common landEjelistyre).

144 The village commons are owned by at least half of the farmers that once had ugylftsict
145 in the villages and are governed by The Act relating to rural common lan§s1@€»-06-19 No 59).
146 A village board manages the usufruct rights to forestry, grazing, surames,fhunting, and fishing. A
147 village commons, through the board, can lease property for tourism enterprisesi®r axadbicollect
148 fees for hunting and fishing. Revenues can be invested in village projects, oaaidatiilities,

149 savings, or the village board can distribute the funds as revenues to the right. ididenanagement
150 of the state commons is more complex and rights and duties are governed byedwotditts: the

151 1975 Mountain Act (LOV-1975-06-06 No 31) and the Act on Forestry in the State Commons (LOV
152 1992-06-19 No 60). The land is owned by the State and administered by the state-owtrgd fores
153 company, Statsskog SF, which can lease the land for tourism, cabins, or exindcisiees. Statsskog
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154 SF also manages forests in the state commons in collaboration with the commdasictn is

155 elected by those who have usufruct rights to timber and firewood in the commony, Hiealipland
156 boards manage the common grazing lands, summer farms, hunting and fishing aethdtjg®vide
157 recreational facilities for the public. Funds for operating the upland boardsvared by 50% of the
158 leasing income and the fees collected for hunting and fishing on the land. Althoughvanitride this
159 paper, it is important to note that these laws do not apply on State land in northern Norway.

160 The commons evolved on marginal lands that were less suitable for cultivatioa villeys
161 and along the coast, the land is typically parceled out in smaller propastiesi¢h as 57% of the

162 defined ownership is less than 10 ha). Small-scale farming has traditioeatycombined with

163 forestry and fishing to maintain a diversified economy. Today, tenancy is comrttonlowlands as a
164 few active farmers rent smaller parcels on private land from non-farsmgrew fodder (Dramstad and
165 Sang, 2010). In the uplands, sheep grazing on common land is the prevailing agricultura.land us
166 Many small private landowners require coordination to manage resources suldifes forestry,

167 migrating fish, and recreational areas which is a challenge for muniigipalind land use planning in

168 coastal areas.

169

170 Overview of protected areas in Norway

171

172 Norwegian protected areas have evolved through a process of devolution of ataHoday

173 control. The establishment of the first large protected areas was based atuteeMeservation Act
174 (1954) and on national park plans developed by the Nature Conservation Council (NOU 2004:28;
175 Hausner, 2005Management of protected areas was largely top—down and based on “purist values”
176 promoting the absence of human influence as the most important reason fingotature (Emmelin and
177 Kleven, 1999; Daugstad et al., 2006b; Falleth and Hovik, 200 first national parks were established
178 on state property in remote areas where traditional uses were allowed to c@w2004:28).

179 Local participation in protected area management was strengthenegl ttherit®©80’s with an

180 amendment to the Nature Conservation Act (1979) that harmonized protected area plahning w
181 existing land use planning legislation. A two-step participation process wwénented that provided
182 for negotiation about the designation, boundaries, and regulations of protected ameasdnefiog the
183 plan for local hearings and municipal review.

184 The involvement of local people in land use planning has always been important in Norway
185 but was strengthened for protected areas by policy reforms throughout the T@@Qievolution of
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control for protected areas culminated in 2009 when the Norwegian Parliamensksthbiore than
40 local management boards with extensive decision-making authority over much afyfdorw
protected areas, an outcome described as a “grand experiment with delegatiboragfa(fauchald
and Gulbrandsen, 2012). These protected area boards have management authorityergesfclust
national parks, protected landscapes, and nature reserves. The Sami Councihesriypowered
through a consultation agreement that ensures early involvement of Sami reyiresseint protected
area establishment and by participation in local boards. In a few casgmlitwal organizations are
also represented on local protected area boards, such as the wild reindeetesommRieinheimen, a
member from the Skjak commons property in Breheimen, and the Swedish reindeer inezhiee
Dividalen (Lainovouma sameby). In all protected areas, reindeer heradei®ytzers, and other right
holders are to be involved early in the planning process. The responsibility fopsotadited areas
has been delegated to many municipalities.

The devolution of authority to local governments from the late 1980’s was inspired by the
success of devolving welfare policies in Scandinavia (Falleth and Hovik, 2009). Thepalitres
were regarded as effective at providing public services adapted to thedotext. The environmental
policy reforms included a wide range of tasks associated with land uses gwitatigsts, motor
vehicles use, and small protected areas. Gradual transfer of power framitbareental governor to
local government has strengthened local influence on the designation as wéfleaadtual
management of national parks (Fauchald and Gulbrandsen, 2012). The second national park plan
included significant private land, and negotiations with landowners and local users$uted in the
borders adjustments and changes in designation from national park (IUCN céegopyotected
landscapes (IUCN category V) (Hausner, 2005). Today, the objectives famaiatarks include
preservation and restoration of cultural landscapes based on traditional livestnng gnd summer
farms (i.e., working landscapes) in addition to purist values (Olsson et al., 2004tddaetgs .,
2006b). Traditional rural uses, such as grazing, hunting, fishing, gathering, andrtehdtitdoor
recreation on foot and ski, have rarely been restricted in Norwegian national parks, imetrciain
tourism has been perceived as a threat and strictly regulated (Haukelbnda(dt13. In
Saltfjellet/Svartisen, Jotunheimen, and Reisa national parks, comntetziaim was banned until

removed by a budgetary decision in 2003 (“the mountain text”). ”

Research questions
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218 The primary purpose of this research is to examine the contribution of differenehamds
219 and protected areas to ecosystem values perceived as important by ideatses Norway. We
220 examine the potential effects of land tenure and protected area designatemking answers to the
221 following specific research questions:

222 1) How are participatory mapped ecosystem values and land use preferendaselishy
223 land tenure category?

224 2) Does protected area designation, as regulatory overlay, interact withnanel tie alter
225 ecosystem values and tenure associations?

226 3) What is the spatial distribution of cultural, provisioning, and supporting ecosyataes
227 and how can these be described using social landscape metrics including dominance,
228 richness, and diversity?

229 4) Do ecosystem values spatially cluster into observable “bundles” of eqosysteices?
230 5) Does the potential for land use conflict differ by tenure and protected anesPstat
231

232 Methods

233

234  Study location and context

235

236 The case is unique as different land tenures (private, village, and state cQraraanrlaid

237 with different protected areas designations. The study area is Sogn, Namegion characterized by
238 fjords stretching 200 km surrounded by glaciers and mountain plateaus and includdsamafedf

239 the highest peaks in Norway. The area covers 6 municipalities in the counties of $ggrdage, and
240 Oppland, with a total area of 15,862 %rhess than 5% of the study area is used for cultivation or

241 forestry with about half of the properties in the region being less than one ha(inégjba et al.,

242  2012). In the valley of Sogn, most of the land is private, while land located on mountaingisiteau
243 almost entirely covered by village or state commons. The Skjak villageoas cover 95% of the

244  municipality and comprise the third largest landowner in Norway. The common propertyowght

245 by a group of farmers in 1798 and is today shared by 368 farmers with usufruct riglsisitegpa

246 summerhouses, firewood, and building materials, of which 206 are also owners of the landnditse ow
247 are the only ones with rights to cash dividends generated from the commons. About 580 households
248 located in the commons do not share collective rights to the land, but share access t@ahdnting

249 fishing. Only 6% of the land is forests, but forestry has historically beenportant industry. Sale of
250 hunting and fishing permits, cabin rentals, and leasing of property for cabins snt@ue major
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sources of income. The village commons invests in recreational activitreapgroximately 250 km
of trails, alpine skiing facilities, and orienteering activities for ckitdiThere are also smaller village
commons such as near Sogndal (Haflso, Fjeerland, Leikanger and Feios), Nbinlh&ga, and
Stranden in Lom, but these are minor compared with the Skjak village commons.

There are a total of 12 state commons in the study area. The two upland mitiegipéah
the largest share of state commons are Lom, the most visited area kg toudisrway with 12 large
tourist companies, and Vaga, where 70% of the municipal land area is covered by sta@<tmnat
generate income from tourism, forestry, livestock and hydroelectric pdweldowland areas in the
region have a more diversified economy that includes aquaculture, industry, andis® téruit and
berry cultivation, with major service hubs located in Voss and Sogndal with 14,006 and 7623
inhabitants respectively.

There are four national parks located in the study region (Breheimen, Jotenhe
Reinheimen, Jostedalsbreen) mostly situated in the uplands, and there are tywmtagjed
landscapes, Stglsheimen and Neergyfjorden, that have world heritage statesard la¢éso smaller

protected landscapes close to national park borders that function as buffer zones.

[Insert Figure 1]
Data Collection Process

The research team designed, pre-tested, and implemented an internet-lESeddtizite in
Norwegian language for data collection. The study website consisted ofrangpereen for
participants to either enter or request an access code, followed by an thtmmnsent screen for
participation, and then a Google® maps interface where participants coulchdrdigpp digital
markers onto a map of the study area. The interface consisted of three “tdb’\Watinthe first panel
containing markers with 14 ecosystem values plus a marker to identify themgspof cabins or
summer farms. The selection of ecosystem values to be mapped was based onypoibggirst
developed by Brown and Reed (2000) for participatory mapping in Alaska. The typahsgyodified
and adapted for use in Norway acknowledging there is a limit to how many typeskafrs a
respondent could map. The state and the village commons was originally built arounéstibsises,
therefore harvestable ecosystem values (i.e. hunting, fishing, graziggteding) are more
emphasized in this study. It is important to note that gathering is a part ajlthefrcommon access,

S0 it is an activity which could be conducted anywhere. Hunting and fishing cards hamtghe
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from the owner of the hunting and fishing rights (i.e., private landowner, the village state
common boards). Grazing, hunting and fishing are usually not restricted in prorectedTlde second
and third panels on the PPGIS website contained 12 management preferencedytdéocainns of
activities or uses. The second panel identified preferendesréasea specific activity or use such as
grazing while the third panel contained similar markedeitreaseéhe same activities or uses (see
definitions in Table 1). The third panel also contained a general marker wheeegttbipant could
locate an activity or use not listed should be increased or decreased. The typdltdgy management
preferences were presented to protected area managers in the two ssdp@dreadified according
to their advice.

The instructions requested the participants to drag and drop the markers onto n@yslocat
that are important for the values listed and to indicate how these areas bestlgednr—by increasing
or decreasing particular activities or uses. The different types of markeétbeir spatial locations
were recorded for each participant on the web server in a database, d@loathen information
including a timestamp of when the marker was placed, the Google® map view af timager
placement, and the Google® map zoom level (scale) at which the marker was pateigaRts
could place as few or as many markers as they deemed necessary ®tbeprgalues and
preferences. Following completion of the mapping activity (placing markersgipants were
directed to a new screen and provided with a set of text-based survey questioasstgerssral, non-
spatial public land management preferences and to measure respondent sogreai@mo
characteristics. PPGIS data collection ended with completion of the surveéipgsies

[Insert Table 1]

Based on protected area designation, population density, and property structure, si
municipalities were selected (Voss, Sogndal, Luster, Skjak, Vaga, Aurdabe Tiunicipalities were
selected because of the location of the village common in Skjak municipality. ijhéaring
municipalities include state commons and private lands. In each municipality t@&bamfult

population (>18 years) were randomly drawn, for a potential 3,104 participants ntloenrdraw was

based on the tax lists and provided by EVR¥gs://www.evry.nd. Selected individuals were sent a
letter of invitation and a reminder two weeks after the initial invitatioralleato the random sampling
recruitment, we contacted a number of regional organizations, either byoemRadebook, to inform

them about the study and to encourage volunteer participation. The organizations cootetséetc
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of groups with interests in local communities (65), agriculture (13), hunting and f(@8grolunteer
work (22), wilderness recreation (11), athletics (66), animal activitiesr(idprized vehicle use (9),

politics (16), culture (30) and education (3). In total, 274 organizations were contacted.

Analyses
Participant characteristics

We assessed the representativeness of participants in the studytlafgarwegian census
data on the variables of age, gender, education, income, and family structure by usiipam
statistics available from the population and housing survey in 2011 (StatisticsyNa048). We also

examined the geographic distribution of participants within the study ared dragp@stcode provided.

Association of ecosystem values and land use preferences by tenure and protected areas

The point locations of ecosystem values and land use preferences wetly smpiatisected
with the three classes of land tenure in the study area—state commons, vittagercs (“Skjak
allmenning”), and private/other property. Cross-tabulations (contingency tal@espenerated to
examine the distribution of mapped values and preferences by land tenure cAiggoayculated chi-
squared statistics and standardized residuals to determine whether the numipgreof poants
differed significantly from the number of points that would be expected in eadie teategory.
Expected counts are the projected point frequencies in each table cell if thepotitidsys is true, i.e.,
if there is no association between a given ecosystem value and land tergoeycéitea contingency
table, expected counts are calculated for each cell by multiplying theatale.g., total scenic points)
by the column total (e.g., state commons) and dividing by the total number of pointsi-Sheare
statistic sums the squared differences between the observed number ofqubexpected number of
points for all table cells. The larger the chi-square statistic, theegtba probability that the mapped
values and tenure categories are not independent, i.e., there is a significaatiass&tandardized
residuals indicate the importance of a given table cell (value/tenureqtig overall chi-square value
and are like a z-scores that show how many standard deviations above or belowdtesl expmt the
observed cell count is. Standardized residuals identify the cells that coninibsitéo the overall chi-
square statistic. Residuals are calculated for each cell by sulmrdetiexpected value from the
observed value and dividing by the square-root of the expected value. This sameatyglgsi$ was

used to examine the association of values with protected areas and their aviéhlaggnmons areas
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350 wherein a marker could be located in protected areas only, or in protected argderdect with state
351 or village commons land.

352 We also conducted correspondence analysis between the ecosystem vaturesated land
353 tenure to visually plot the associations. Correspondence analysis computes raamdscores and
354 produces a normalized plot based on the scores. In the resulting plot, the distanees peimts

355 reflect the relative strength of association between the land tenure anstexosglue categories.
356 To visualize the spatial distribution of ecosystem services within the atadywe grouped
357 the 14 services into cultural (n=9), provisioning (n=4), and supporting (n=1) dategte then we
358 generated kernel point densities using a 1 km cell size with the 3 km seaushfoadiach of the three
359 groups of services. Using the kernel densities as a probability surfacesatedcand mapped

360 ecosystem value “hotspots” with isopleths that captured 30, 50, and 70 percent of the pointsdbr ea
361 the groups of values using the Geospatial Modelling Environment (Beyer, 2014). Asraatak to
362 kernel densities which smooth the point distribution, we also used a simple grid approdohded
363 the study area into 2 km grid cells to plot the frequency distribution of ecosgsteives by grid cell.

364

365 Quantifying ecosystem values and use preferences with social landscape metrics

366

367 We examined the distribution of ecosystem values and land use preferences using soc

368 landscape metrics as described by Brown and Reed (2012). The purpose of socigidaméesiies is
369 to understand the structure and distribution of values and preferences across land temateced p
370 area categories. In addition, metrics provide a means to identify land usetqmiéintial (Brown &
371 Raymond, 2014) based on the spatial concurrence of mapped values and preferencesthaasnay
372 not be compatible. Theount(PO) metric counts the number of point locations within the tenure or
373 protected area while theercent(P1) metriccalculates the percent of mapped points in the area
374 compared to the total number of mapped points across all areadomireant valu¢D) metric is the
375 value or preference marker type with the largest count of points within the temremted area. The
376 dominancgD1) metric quantifies the dominance relationship between the most frequepiheda
377 attribute and the next most frequently mapped attribute on a scale that rang@gite., the

378 frequencies are the same) to 1.0 (there was only one type of marker mappeateath€halensity
379 (D2) metric calculates the density of values or preferences per areatiddlversity indexD3)

380 metric calculates the Simpson diversity index commonly used in ecologicasstudi ranges on a

381 scale from O (low diversity of marker types) to 1 (high diversity of markesjygd@erichnessmetric
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(R) is the number of different value or preference marker types mapped in amdrean range from

0 to 14 for ecosystem values and 0 to 24 for preferencesoftfiect potential(C) metric can be
calculated in many ways, but here we follow the methods suggested by Browayandrfd (2014)
where the conflict potential index is derived from a mathematical combinatiandtise preferences
located in the same area where the differences in preference maikersase/decrease a use/activity
are optionally weighted by the number of preferences or the number of valued lndhtesame area.

Specifically, we operationalized three variants of the conflict indeglis\s:

j
1 MIN(P;, Pp);
B — MAX(P;Pp);
j
MIN(P;, Pp);
2= ) ————«Pp;
— MAX(PPp);
j
MIN(P;, Pp);
*

3= L MAX(PPp); T

whereCl1 is the conflict index based on summed preference differences for incfdasne@sing use
across all 12 mapped preferences (higher index values indicate gosdliet potential),P, is the
number of mapped preferences for increasing the use or adyity the number of mapped
preferences for decreasing the use or actifAyis the total number of preferenc&s (Pp) in the area,

] is a specific preference and ranges from 1 to 12 preferences in this saidy,ia total number of
ecosystem values located in the area. Thendex weights th€1 index by the number of preferences

in the area and theé3 index weights th€1 index by the number of ecosystem values in the area.

Assessment of spatial “bundles” of ecosystem services

Ecosystem service “bundles” are sets of services that appear togeteedly (Raudsepp-
Hearne, Peterson, and Bennett, 2010). To determine whether the mapped ecosystEeswsre
mapped in spatial “bundles”, we overlaid the study area with a two kilomédeegulting in n=4544
grid cells. The ecosystem values by marker type (n=14) were counted for idlactllglThe marker
counts for the 14 values were then factor analyzed (SPSS v.22) using principal compdreatisre



408
409

410
411
412
413
414
415

416
417
418
419
420
421
422

423
424
425
426

427
428
429
430
431
432
433
434
435
436
437
438
439

440
441

Pagel4 of 38

with the number of extracted factors determined by eigenvalues greater thiaizee, 1960). The

resulting factors were rotated using varimax rotation to enhance int¢iqpreta

Results
Response and participant characteristics

A total of 440 participants accessed the study website and placed one or mens finaink
November 2014 to January 1, 2015. See Table 2. Of these participants, 380 (86%) fully or partiall
completed the survey questions that followed the mapping activity. The estiesptedse rate, after
accounting for non-deliverable letters of invitation, was 14 percent. A total of 9,088mharere
mapped during data collection, with 8,560 (95%) of these markers placed inside thatddssgudy
area. The number of markers placed per participant ranged from 1 to 276 with the auerageof
numbers placed being 20.5. Approximately 75% of the markers placed were enosjaemarkers
with the remaining 25% being land yseferencemarkers.

[Insert Table 2]

Most participants (91%) learned of the study directly through a recruitetegrtfrom the
Arctic University of Norway. Referrals to the study website wereeraged and an estimated 9% of
participants learned of the study indirectly from friends, organizations, iai soedia.

Table 2 also provides a socio-demographic profile of study participants with i@tivgpa
Norway census data derived from Statistics Norway (2013). The mean ageagbquats was 49 years
with the majority being males (57%), with higher levels of formal educati@hhegher self-reported
household income than comparable Norwegian census data. About half of the participaftsmve
families with children. The PPGIS participation bias toward more highly estliead higher income
males is consistent with other reported PPGIS studies in developed countries @Bbiytta, 2014).

We assessed the geographic distribution of participants by plotting the nurpbeti@pants

by their postcode which is a geographical area representing multiple halssgkel Figure 1.
Participants in the study were geographically distributed throughout theastealwith more
participants living in the more highly populated communities of Skjak and Vaga in the Bogndal
in the central region, and Voss in the south.

Frequency of mapped ecosystem values and preferences in the study area
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442
443 We generated frequency counts of the PPGIS mapped values and preférieaceest

444  frequently mapped ecosystem values were recreation (n=1,264/15% of all madens) beauty

445  (918/11%), hunting/fishing (686/8%), pastures/grazing (407/5%), and undisturbed nature (330/4%).
446 The least frequently mapped values were spiritual (80/1%), therapeutic (13&/2Ph)iological

447  diversity value (147/2%). Falling in the middle of the distribution were social (2Q6i@é6me

448 (229/3%), clean water (263/3%), and gathering values (295/3%). The relativenfrgqiienapped

449 values was similar to other reported PPGIS studies with recreation andwsdaegbeing the most
450 frequently identified, and spiritual and therapeutic values the least fregosagped. Cabins and

451 summer farms were also mapped in the study area (n=700) and appear very irtgpbltawegian

452  cultural identity and lifestyle.

453 The mapping of land use preferences, in aggregate, totaled 2,454 markers in theestudy
454  The most frequently mapped preferences were to increase predator cont@%2 itrease fishing
455  opportunities (178/2%), decrease snowmobile use (174/2%), and increase tourism development
456 (172/2%). The least frequently mapped preferences were to decrease (2/zitfo), decrease

457 hunting (27/<1%), decrease logging (29/<1%), and decrease predator control (32K but)two

458 mapped preferences revealed a clear preference for either ingreadecreasing a particular land
459 use/activity in the study area. The preferences for development of honues/Haimes (145/147) and
460 industrial/energy development (106/110) were split between increasing andsilegtée activity.

461

462 Association of mapped values and use preferences with land tenure

463

464 There was a statistically significant association between lancetandrmapped values

465 (X?=93.7,df=28, p < .001) with cross-tabulated frequencies appearing in Table 3. Adjusted

466 standardized residuats+2.0 or< -2.0 indicate the number of observations in the cell is significantly
467 larger or smaller than would be expected. The larger the absolute value of thedstaddasidual, the
468 greater the deviation from expected marker counts. Especially largastaed residuals command
469 particular attention. Faxample, more biological diversity values (residual=2.0) and undisturbed
470 nature values (residual=2.7) were located on state commons than expenctedy/fishing (5.4) and
471 therapeutic values (3.0.) were more abundant on village commonsilaunal identity (2.2) and

472 gathering values (3.4) were more abundant on private/other lands. Fewengat2e4) and

473 grazing/pasture values (-2.1) were identified on state commons than expedtedng4t2.1) and
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474 income values (-2.5) were less abundant on village commonsuatidg/fishing (-4.1), therapeutic (-

475 2.2) and undisturbed nature values (-3.2) were less associated with private/other land.

476

477 [Insert Table 3]

478

479 The normalized plot of the two variables from correspondence analysis appEaysra 2.

480 The plot affirms the significant associations found in the chi-square tableiwh@iegical and

481 undisturbed nature values are closest to state commons, hunting/fishing and ticevajumg are

482 closest to village commons, and spiritual, social, cultural, gathering, pastlispecial place values
483 are proximate to private/other lands. Recreation, income, and water quakty ¢hter) do not show
484  strong spatial association with any particular land tenure but have stemsgeration with state

485 commons and private/other land than with village commons.

486

487 [Insert Figure?2]

488

489 The potential interaction of protected area designation with commons land tesure w

490 examined in Table 4. Gathering (residual=2.5) and pasture/grazing (2.3) vaheeswer-represented
491 in protected areas only while hunting/fishing values were under-represented (-3.5)

492 Where protected area designation intersects with common land tenure, hunting(6s3)irzond

493 therapeutic value (3.7) were over-represented in protected status and villagersymwhile income

494  value was over-represented in protected status and state commons.

495

496 [Insert Table4]

497

498 With respect to land use preferences, there were four statisticallfjcsighassociations

499 (chi-square, < 0.05) with land tenure—home/cabin development, roads/ATV access, snowmobile use,
500 and predator control. See Table 5. Participants mapped more preferences tbiu éapkecrease

501 home/cabin development on state commons, to increase roads and snowmobile use on private/othe
502 lands while decreasing both of these uses on village commons, and to increase guattatand

503 hunting activity on village commons.

504

505 [Insert Table5]

506

507 Social landscape metrics by tenure and protected areas
508
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Social landscape metrics were calculated for both ecosystem valuesmdnsé preferences
and appear in Table 6. Recreation values were the most frequently mapped in staiasanmin
protected areas and thus were the dominant (D) values for those areas. fismtigg/alues were
dominant in village commons and the overlay of vilage commons with protectedreatominance
index (D1) indicates the magnitude of dominance compared to the second most fyegqapptd
value in the area. Recreation value was not especially dominant in either prateete or state
commons (D1=.18 and .22 respectively) compared to scenic value which was the second most
frequently mapped value. On village commons, recreation values were mappstasrfrequently as
the dominant hunting/fishing value (D1=.03). Participants identified the full rangeoef/stem values

across all tenures and protected areas as indicated by the richnessXR)id¢.

[Insert Table 6]

The density metric (D2) controls for the size of the area under the assuthptiail else
being equal, larger areas should have more mapped values. Private/other langesaslarea of all
tenures, but also had the highest density of mapped values per square kilometerhj(: 32ate
commons had the lowest density (0.21). The diversity metric (D3) measures ther mimdifferent
value types mapped in the area while also accounting for the evenness ofitnatidist All land
tenures and protected areas showed a high diversity of mapped attributes wgbhrS&nmdex ranging
from .86 to .88.

The metrics for land use preferences reveal that the majority ofgeés (P1=57%) were
mapped on private/other land which also had the highest density (D2=.16). Increds¢ar pantrol
was dominant across all land categories with the exception of privatearidemhere increased
fishing was dominant and increased predator control was the second most frequepdg at&ibute.
There were fewer types of preferences mapped on village commons (RdZ@gaverlay with
protected areas (R=18) than other categories. Similar to mapped values, ihitydivenapped
preferences was large across all land categories.

The conflict index metric (C) measures the potential for land use cohflitis study, the
conflict index measures the difference between mapped preferences to inansaszctivity with
preferences to decrease the same use/activity in the land tenure categoihe differences in the 12
potential uses are aggregated within the area (C1) with larger indileesingf greater conflict

potential, and optionally weighted by the number of mapped preferences (C2) or mappedGajue
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In this study, the private/other tenure had the highest potential for land uset¢@if&.9) while the
overlay of village commons and protected areas had the lowest potential fart¢@if:2.1). The
weighting of the conflict index by the number of mapped preferences (C2)ppechaalues (C3) did
not change the relative potential for conflict as indicated by the rankedctamdlex scores.

Assessment of spatial “bundles” of ecosystem services

To visualize the intensity of ecosystem value distribution in the study aeegrowped the
14 services into cultural (n=9), provisioning (n=4), and supporting (n=1 “biological dwgrsi
categories as per the millennium ecosystem assessment typolo@glited). We generated kernel
point densities for each group, and plotted these “hotspots” in Figure 3. The spatial @istabut
hotspots affirms the chi-square association results and reveals largeofspdtural (Figure 3a) and
provisioning (Figure 3b) values on private/other lands, particularly in the ameasiagettlements such
as Sogndall in the central region and Vos3) (n the south. Close to these settlements, people
mapped cultural identity, social values, and gathering activities as impodaatvalues (Appendices
B-D).

The marker counts by grid cell (Figure 3d) also show that the overall intehsigpped
ecosystem values in the region with greatest intensity on private/atiksrriglative to commons and
protected areas. In contrast, hotspots for biological diversity values (Bicjuesre located more on
state commons or in protected landscapes. For instance, Gudvangen (“Gods glacsdigrt) in the
Neergyfjorden protected landscapgi§ a highly productive area providing rich pastures, berry fields,
clean water, recreational opportunities, and cultural history as importamnfionnication and a
market place in the Viking era, as well as the royal mail route in thedrtury. The fiords are on
UNESCO'’s world heritage list and attract many tourists. FinnddjeoCated on state commons,
attracts local recreationists from Skjak, Lom, and Vaga. It is a bialibgiich valley and is important
for consumptive uses such as fishing, hunting of wild reindeer, forestry, and graaimerted to four
historically important summer farms. The state commons also includes thaigidg visited peaks in
Norway and is serviced by an upland cruise ship that starts in Gjende in Jotunheimeviaed pr
access to three staffed tourist cabin compleXedr( the village commongj there is a large summer
farm complex that includes therapeutic values connected to nature—cultestraia, and
recreational hunting and fishing. Whereas state commons have cultural hotspoistad with

tourism activities, the village commons areas are primarily valued fiompttoerisioning services.
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Places important for hunting and fishing are dispersed throughout the village commonggeharethe
hotspots located in the Otta vall€f) (

[Insert Figure 3]

To determine whether values were mapped in spatial ecosystem “bundles”foma@er
factor analysis on the quantities of values found within two kilometer grid cetissahe study region.
The results of the factor analysis appear in Table 7. Three factorsxiractex from the 14 values
that account for 50 percent of the overall variance. The values that load on thetbrsarfidccapture
32 percent of the variance are items that relate to physical qualitiexcefpihe scenic beauty, clean
water, biological diversity, undisturbed character, and recreational oppedithiat are intrinsic to the
place. The special place marker also loaded on this factor with markertaomsoitadicating these
places also had values associated with scenic beauty, undisturbed natur@ymeores mix of these.
One interpretation of this factor is that the non-cultural values of biologicakdivand clean water
are physical place qualities that enable the cultural services iddntifthis factor—scenic beauty,
undisturbed nature, and the desire to recreate in these places. The second fadtongek@lpercent
of the variance, loads values that relate more to the psychological statgaiftitipant rather than the
physical qualities of place. The places where people go to socialize@mpdaaiss that result in feeling
better physically (therapeutic/health value) and emotionally (spiritekes like this also tend to be
tourist destinations and hence the potential rationale for the loading of income vdiisefaotor. The
third factor, explaining 8 percent of variance, perhaps has the most intuiéxar@ation, as places for
provisioning—hunting/fishing, pasturing animals, or gathering items from nataneas mushrooms
and berries. That recreation value also loads on this factor is not surprisinghgivliotwegians

consider hunting/fishing and gathering as a type of recreation as mugypasod subsistence activity.

[Insert Table 7]

Discussion

Few studies have addressed the relationship between overlapping land tenuedprote
areas, and ecosystem services (Holland et al., 2014, Robinson et al., 2014). This stoty/theese
results of the first PPGIS study in Norway, and the first study to examimksthibution of ecosystem
values by land tenure and protected area designation. Our results indicate tlatlendsta
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significantly stronger predictor of the distribution of ecosystem values ihesoulorway than
protected area status. The difference between the village and theostatens is striking, given their
location in the uplands and their shared origin as subsistence agroecosysitntardinons are
valued for their biological diversity and undisturbed natural quality, while eil@mmons are valued
for their hunting and fishing opportunities. Ecosystem values on private landsomeentrated in
lowlands near settlements and reflect a strong cultural identity to engageith gathering activities.
Private lands also have more diverse social values with a greater poteriaabfuse conflict.
Relatively recent protected area designations on top of existing land tentiesdinged from the
global conservation movement were not equally represented by the values and esfirat
participants mapped in the underlying land tenure classes. Our results dbefimportance of the
customary land tenure associated with grazing, fishing and hunting for understacdinglues and
preferences (Berge, 2006; Hausner et al., 2012; Kaltenborn et al., 2015)

According to Berge (2006), values and preferences inherent in the old land tenures i
Norway that were built on usufruct rights to consumptive uses and passed throughayes et
likely to come in conflict with more urbanized values that promote conservation thratgbted
areas. However, like Bonilla-Moheno (2013) we found that the different common pespEinot be
pooled together when analyzing relationships with land use values or pretef@aspite the shared
roots of subsistence uses such as grazing, hunting, fishing, firewood, and timktetetberamons do
not share all values and preferences with the village commons. The protectddareasrlay state
commons, Jotunheimen and Jostedalsbreen, are tourist hotspots in Norway, and provisiomof touris
facilities in the park is a major source of income for the villages nearbye Waer also less emphasis
on hunting, fishing and grazing than expected in the state commons. Ecosystem valuas asel la
preferences identified in the state commons appear consistent with the biodivwelderness, and
amenity values that are typically associated with protected dilease values also form ecosystem
service bundles and overlap in our study area (Table 7; Appendix C, E). Our rescitsfeineed by
Haukeland et al. (2011) who showed that allocation of hunting and fishing rights to locats vers
visitors could cause conflict in the state commons, but in general, both rural users &nd itderests
are supportive of park values. The main potential for land use conflict on state comsenwis
homes or cabins, suggesting the potential overuse of these commons areas, or respéedeTesr

for traditional values, or a combination of these reasons.
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In the village commons, all members have hunting and fishing rights that stftay
traditional values associated with consumptive uses. The hunting of large garalgrbyrtivild
reindeer, is especially valuable for these communities and could explain theisteoest in predator
control and the negative attitudes toward disturbances by motorized use (KalterddQra0di5).
Traditional common rights are not affected by protected area regulatidrstyflies show that local
people are negative to Breheimen National Park as they feel the right of tisgmbaen curtailed by
establishing protected areas on their land (Reiten, 2013).

On private lands, land use is more diverse and concentrated near settlemenissnd t
hubs (Appendix A, Figure 3). Areas near people’s homes are important for culéeunttyi, for
socializing, and for gathering wild berries. Compared to PPGIS results in othaieoanth as
Australia (Brown et al., 2014) and the U.S. (Brown and Reed, 2009), Norwegians do not sfyecifical
select protected areas or parks for recreation. This pattern can be ekpiathe principle of common
accessdllemannsrettenincorporated in the Outdoor Recreation Act in 1957. Similar to the rest of
Scandinaviaallemannsretterncludes access rights on ski and foot (on uncultivated land), and the
right to gather wild berries, mushrooms, and other plants for non-commercial usajigah et al.,
2001). This right is fundamental to the outdoor recreation culture in Norway whewechsas 70% of
the population ski or hike, and more than 50% pick berries or fish (Bjerke et al., 2006). Tlse acces
right limits cycling and horse riding and it does not permit motorized addedsrized use, especially
recreational snowmobiling, was a major source of land use conflict in our stady are

The protected areas designated on private lands are typically Proteatisddzes (IUCN V)
with the purpose of conserving cultural landscapes that are maintained by gPaategted area
overlays on private land were valued less for being undisturbed and more for grazigathering
than protected area overlays on commons lands. Pasture use is usually ned@sficitected
landscapes, but farmers are strongly against protected area desigmatiorargain that landscapes
are best preserved by use rather than protection (Fjellstad et al., 2009). Atedgishowed that
Norwegians are generally supportive of predator control, with sheep faamebig game hunters less

in favor of conservation than other groups (Gangaas et al., 2015).

Study limitations

As the first PPGIS study in Norway to examine ecosystem values and &pceterences

through the lens of land tenure and protected area status, there were limatstndy. First, the
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study area was purposively selected to include the breadth of land tenures pnasemein Norway.
However, other areas of Norway have different distributions of commons lands arudgolateas
from the chosen study area. Further, selected groups such as the Sami Courstibeger influence
over land use policies in northern Norway compared to the south.

The PPGIS response rate in the study was low by survey research stabdind ot
within the range of other reported general public sample PPGIS studies (Brown td®834).
There were some technical, internet access problems early in the adtionistfghe study website
that prevented some users from accessing the survey. These access piladiensstrated some
prospective participants, thus reducing the potential response rate by pevegatage points. The
respondents were representative of residents living in the region on the sociodemagnagiblies of
age, income, and family structure, but somewhat biased toward higher maipgtésticand higher
levels of formal education.

All PPGIS studies require limits on the number of spatial attributes thegcurested to be
mapped. In this particular study, the spatial attributes were limited to ttihmsght most important by
the research team after pre-testing. The research team would have likédde more spatial
attributes for mapping, but participant effort to do the mapping is finite. Theaddftmore spatial
markers does not actually yield more spatial data, but simply dilutes thgngaeffort across the
range of markers.

With any type of mapping activity, there will be some spatial error ikkengrlacement.
Previous research on the spatial accuracy of PPGIS mapping suggesis sipatitl error is often less
than expected and that participants achieve a reasonably high level of a¢Buoagy, 2012; Brown
et al., 2014). Although the spatial accuracy of the PPGIS data collected in thibasutyt been
benchmarked, there is no evidence that study participants were more or lesedbeamr PPGIS
studies reported elsewhere. Further, an intentional design of the study wagleatity village and
state commons areas on the base map. Thus, spatial markers were placedifgnpsiiliinded to the
actual commons boundaries, allowing significant spatial associations to @ntargively without the

potential for information bias.

Conclusion

Our results demonstrate the need to understand protected area overlays onlaxisiag

overlapping tenures with complex bundles of rights (Holland et al., 2014) that influenee/pér
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ecosystem values and land use preferences. Land tenures that have exesta@-siredieval times
were more strongly associated with ecosystem values and land use pesfén@ncprotected area
designations. The empirical identification of ecosystem values througbipaitry mapping provides
spatial data that complements and contextualizes traditional ecologiicaitors such as deforestation.
In Norway, conservation conflicts associated with protected areas andopramatol in Norway can
be understood in terms of rural traditions based on consumptive uses such as grazimy,gatke

big game hunting. Some common lands have evolved into tourism hubs due to the presence of iconic
national parks and residents now identify these areas as having values nnec &ty those
promoted by protected areas. Finally, the values that were mapped most fyegeeration and
scenic values, were unrelated to both land tenure and protected areas. Closeness suhomesr
farms, second homes or cabins may provide a potential explanation for the distributidntsae
based ecosystem service bundles, but distance analysis was not included in thetuchse
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Table 1. Ecosystem values typology with operational definitions and preferencesreasigg or
decreasing activity. P=Provision, C=Cultural, S =Supporting

Ecosystem Values and Places

Operational definition

Cabin(s)/summer farms
(P) Hunting/fishing

(P) Pastures/fodder

(P) Gathering

(P) Clean water

(S) Biological diversity
(C) Recreation

(C) Beautiful areas

(C) Culturelidentity

(C) Income

(C) Undisturbed nature

(C) Social

(C) Spiritual

(C) Therapeutic/health

(C) Special places

Mark the location of cabin(s) or summer farms #ratimportant to you.

Areas are important because of hunting and/orrfgshi

Areas are important because they are used for Hagghand pastures for
reindeer, sheep, cows

Areas are important for berries, mushroom or ctilgcherbs/plants here.

Areas are important because they provide cleanrwate

Areas are important because they provide a vaoiegpyants, wildlife, and habitat.
Areas are important for outdoor recreation actsitfe.g., camping, walking,
skiing, alpine, snowmobiling, cycling, horse ridietg.)

Areas are important because they include beaut#ture and/or landscapes.
Areas are important because of their historicaleabr for passing down the
stories, myths, knowledge and traditions, andbant¢rease understanding of the
way of life of our ancestors.

Areas are important because they provide tourispodpnities, mining,
hydroelectric power or other potential sourcesnebime.

Areas are relatively untouched, providing for pead quiet without too many
disturbances.

Areas are important because they provide oppoitsrior social activities (e.qg.
associated with fireplaces, picnic tables, skialpme arrangements, shelters,
shared cabins, cabin complexes).

Areas are important because they are valuablesin ¢kvn right or have a deeper
meaning; emotionally, spiritually, or religious.

Place are valuable because they make me feel beittegr because they provide
opportunities for physically activities importawatr fmy health and/or they give me
peace, harmony and therapy

Please describe why these places are special to you

Preferences (increase/decrease)

Operational definition

Development
Tourist facilities
Industry/energy

Logging

Helicopter transport
Roads/ all-terrain vehicles
Snowmobiles

Boating
Grazing
Predator control
Fishing

Hunting

Other changes

Increase/decrease development of homes or holigiangs in this area.
Increase/decrease tourist facilities and accomnmuat this area
Increase/decrease mining (e.g., minerals, stonel, gmavel, etc.) or energy
development (e.g., windmills, power plants, danosyer lines, etc.) in this area.
Increase/decrease logging in this area.

Increase/decrease access to helicopter transportstiourists in this area.
Increase/decrease access to the area by roadgemrah vehicles
Increase/decrease the use of snowmobiles in thés(@rcluding snowmobile
trails and/or extended seasons).

Increase/decrease access for use of boats inrézis a

Increase/decrease grazing in this area (e.g., sheiageer, cows).
Increase/decrease in predator control in this area.

Increase/decrease access to fishing in this area.

Increase/decrease hunting in this area.

Describe other changes in use or activities shimgicdase or decrease.
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Table 2. Participation statistics and respondent characteristics (Sogn) with esomp@ 2014 census
data.

Participation Statistics

Number of participants (one or more locations mapped) 440
Number completing post-mapping survey 380
Number of locations mapped 9,039
Range of locations mapped (min, max points) ;;g
Mean, median of all locations mapped 20'154
Mean, median of values and places mapped 14.7,9
Mean, median of preferences mapped 5.8,15
How participants learned of study
Mail (UiT) 91%
Other organization/referral 9%
Study Participants Census Data
Age (mean) 48.7 50.5
Gender Male 57% 50%
Female 43% 50%
Education (highest level completed)
Primary 3% 27%
Secondary 37% 49%
Higher 60% 24%
Household income (annual)®
0 - 200,000 9% 7%
200,000 - 300,000 3% 11%
300,000 - 400,000 12% 11%
400,000 - 500,000 15% 11%
500,000 - 600,000 12% 15%
More than 600,000 40% 47%
Not disclosed 10% N/A
Families with children 50% 41%

& Census income categories do not align with categories in survey question. Census data was estimated to match survey
data. All census data was collected from Statistics Norway (2013).
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Table 3. Association between mapped ecosystem values adddanre. Overall association is significakt£93.7,
df=28, p < .001) with standardized residual®.0 (pink) or> +2.0 (green) indicating significant over/underresgntation
of the ecosystem value by land tenure category.

State commons Village commons  Private/Other Totals

Count 36 10 101 147

Biological diversity % 3.3% 1.9% 2.3% 2.4%
Residual 2.0 -7 -1.3

Count 48 14 201 263

Clean Water % 4.3% 2.7% 4.5% 4.3%
Residual .0 -1.9 1.1

Count 47 19 244 310

Culture/identity % 4.2% 3.7% 5.5% 5.1%
Residual -1.4 -15 2.2

Count 38 15 242 295

Gathering % 3.4% 2.9% 5.4% 4.8%
Residual -2.4 -2.1 3.4

Count 132 95 459 686

Hunting/Fishing % 11.9% 18.4% 10.3% 11.2%
Residual .8 5.4 -4.1

Count 44 9 176 229

Income % 4.0% 1.7% 3.9% 3.8%
Residual 4 -2.5 1.2

Count 58 34 315 407

Grazing/pasture % 5.2% 6.6% 7.0% 6.7%
Residual -2.1 -1 1.9

Count 237 92 935 1264

Recreation % 21.4% 17.9% 20.9% 20.7%
Residual .6 -1.7 .5

Count 184 73 661 918

Scenic/beauty % 16.6% 14.2% 14.8% 15.1%
Residual 1.6 -.6 -1.0

Count 29 14 163 206

Social % 2.6% 2.7% 3.6% 3.4%
Residual -1.5 -.9 1.9

P Count 12 6 62 80

Spiritual % 1.1% 1.2% 1.4% 1.3%
Residual -7 -.3 .8

Count 26 21 88 135

Therapeutic % 2.3% 4.1% 2.0% 2.2%
Residual .3 3.0 -2.2

. Count 78 35 217 330

Undisturbed nature % 7 0% 6.8% 48% 5.4%
Residual 2.7 1.5 -3.2

Count 20 9 100 129

Special places % 1.8% 1.7% 2.2% 2.1%
Residual -.8 -.6 1.1

Count 118 69 513 700

Cabin or summer farm % 10.7% 13.4% 11.5% 11.5%
Residual -9 14 -1

Count 1107 515 4477 6099

Totals % 100.0% 100.0% 100.0%  100.0%
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Table 4. Association between mapped ecosystem values atecped area overlays on state and village commons.

Overall association is significark{=89.8,df=28, p < .001) with standardized residual.0 (pink) or> 2.0 (green)
indicating significant over/under representatioreobsystem value by land tenure category.

Protected area/

Protected area/state

Protected areal/village

private Totals

Count 27 32 10 69

Biological diversity % 3.0% 4.2% 2.8% 3.4%
Residual -.9 15 -.8

Count 45 35 11 91

Clean Water % 5.0% 4.6% 3.0% 4.5%
Residual 1.0 2 -1.5

Count 56 35 14 105

Culture/identity % 6.3% 4.6% 3.9% 5.2%
Residual 1.9 -.9 -1.3

Count 44 22 9 75

Gathering % 4.9% 2.9% 2.5% 3.7%
Residual 2.5 -1.5 -1.4

Count 73 76 71 220

Hunting/Fishing % 8.2% 10.0% 19.6% 10.9%
Residual -3.5 -1.0 5.8

Count 20 29 6 55

Income % 2.2% 3.8% 1.7% 2.7%
Residual -1.2 2.3 -1.4

Count 63 33 19 115

Grazing/pasture % 7.1% 4.3% 5.2% 5.7%
Residual 2.3 -2.0 -4

Count 198 176 55 429

Recreation % 22.2% 23.2% 15.2% 21.3%
Residual .9 1.6 -3.2

Count 163 134 55 352

Scenic/beauty % 18.3% 17.7% 15.2% 17.5%
Residual .8 2 -1.3

Count 26 18 11 55

Social % 2.9% 2.4% 3.0% 2.7%
Residual 4 -.8 4

- Count 7 11 6 24

Spiritual % 0.8% 1.4% 1.7% 1.2%
Residual -1.5 .8 .9

Count 17 14 19 50

Therapeutic % 1.9% 1.8% 5.2% 2.5%
Residual -15 -1.4 3.7

- Count 53 63 29 145

Undisturbed nature % 5.9% 8.3% 8.0% 79%
Residual -2.0 15 .6

Count 23 15 7 45

Special places % 2.6% 2.0% 1.9% 2.2%
Residual .9 -.6 -4

Count 78 66 41 185

Cabin or summer farm % 8.7% 8.7% 11.3% 9.2%
Residual -.6 -.6 1.5

Totals Count 893 759 363 2015

% 100.0% 100.0% 100.0% 100.0%
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Figure(s)

Appendix A. Diversity of ecosystem values using Simpson’s diversity index within 2 km grid cells. Index values range from 0 to 1
with larger values indicating greater diversity of ecosystem services.
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Appendix B. Distribution of mapped provisioning ecosystem values showing “hotspots” in study region: (a) Hunting/fishing; (b)
Gathering; (c) Pasture/grazing, and (d) Clean water. The density legend shows isopleths capturing 30, 50, and 70 percent of markers.
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Appendix C. Distribution of mapped cultural ecosystem values showing “hotspots” in study region: (a) Recreation; (b)
Scenic/aesthetic; (c) Cultural identity, and (d) Undisturbed nature. The density legend shows isopleths capturing 30, 50, and 70
percent of markers.
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Appendix D. Distribution of mapped cultural ecosystem values showing “hotspots” in study region: (a) Social; (b) Spiritual; (c)
Therapeutic, and (d) Special places. The density legend shows isopleths capturing 30, 50, and 70 percent of markers.
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Appendix E. Distribution of mapped ecosystem values showing “hotspots” in study region for: (a) Income; (b) Biological diversity.
The density legend shows isopleths capturing 30, 50, and 70 percent of markers.
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