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ABSTRACT
While previous socio-ecological systems research has shown relationships between local 
knowledge and the assignment of landscape values, the relationships between value assign
ment and more nuanced forms of local knowledge remain less understood. This study makes 
use of public participation geographic information systems (PPGIS), a method for identifying 
and mapping landscape attributes important to local communities. We use this method to 
assess the spatial associations between three landscape attributes often overlooked in the 
PPGIS literature: landscape values, self-reported knowledge about different types of land
scape management practices and land-use types. We analyzed responses from residents of 
Mjölby kommun, Sweden (n = 301) using Monte Carlo simulations and density-based cluster
ing. Overall, we found stronger spatial associations between landscape values and land-use 
types compared with landscape values and self-reported knowledge about landscape man
agement. For example, significant positive associations were found between aesthetic and 
recreation values and certain land-use types, but there was no association between these 
values and self-reported knowledge. The land-use type to which a landscape value is 
assigned is sometimes supported by self-reported knowledge (especially for underrepre
sented landscape values), while self-reported knowledge did not provide a conclusive pattern 
about value assignment on its own. We discuss the implications of using PPGIS in integrated 
landscape management for building multifunctionality in landscape management by addres
sing the values of different land-use stakeholders, and the potential benefits of increased 
inclusivity in forms of local knowledge.
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Introduction

The ‘relational turn’ in ecosystem management is 
characterized by a shift away from focusing on sepa
rate interactions towards emphasizing unfolding rela
tionships between humans and ecosystems (West 
et al. 2020), stemming from the relational values 
concept, which describes those values deriving from 
relationships between humans and nature (Chan 
et al. 2016). This relational turn invites consideration 
of diverse knowledges for decision-making, as well as 
an appreciation of the inherent uncertainty in all 
knowledge systems (Tengö et al. 2017). The 
Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES) fre
quently emphasize the importance of expert and 
scientific forms of information (Díaz et al. 2015), as 
well as the inclusion of plural values and knowledge 
into decision-making, defined as the recognition of 
differing values held by diverse stakeholders that 
cannot be reduced to one another or to some ultimate 

value (Arias-Arévalo et al. 2017; Pereira et al. 2018; 
Zafra-Calvo et al. 2020). Yet knowledge among 
experts is also diverse, taking account of different 
epistemic worldviews and understandings of human- 
nature relationships (Hakkarainen et al. 2020). In 
some cases, a distinction is made between general
izable and context-specific knowledge, in order to 
recognize the importance of local communities’ 
knowledges and place-based experiences (Díaz et al. 
2018). To partially account for this complexity, new 
processes are being developed to work with indigen
ous, local and scientific knowledge, including 
empowering dialogues and shared governance 
arrangements, and promoting activities in-situ 
where knowledge can be validated (Tengö et al. 
2017; Hill et al. 2020). At the same time, issues 
surrounding the temporal nature of landscape man
agement have prompted a greater recognition of the 
contemporary processes that shape how humans con
nect with their environment (Stenseke 2016). While 
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an inherently complex process, considering local 
knowledge alongside other knowledge types in land
scape management has the potential to address these 
spatial and temporal issues (Raymond et al. 2010).

To date, the public participation geographic infor
mation systems (PPGIS) literature has exhibited 
a less-nuanced understanding of the diversity of 
knowledge systems, and how to weave them to sup
port landscape management. Despite the existence of 
multiple forms of local knowledge (Raymond et al. 
2010; Fazey et al. 2018, 2020), much of PPGIS 
research has focused on experiential place-based 
knowledge, i.e. local knowledge from the perspective 
of familiarity, or personal or social experiences with 
landscape. Brown (2012) refers to this understanding 
of place from lived experience as a ‘type of knowledge 
that is earned rather than learned’ (p. 8). It is often 
operationalized using the indicator of familiarity with 
an entire region. For example, respondents’ knowl
edge of the study area has been observed to influence 
the type and amount of spatial data they map in 
PPGIS studies (Brown and Kyttä 2014), as well as 
the overall mapping effort (Brown et al. 2012). 
Survey respondents less familiar with an area are 
more likely to map abstract, nonexperiential land
scape values (e.g. intrinsic values) compared with 
those with greater study area familiarity (Brown, 
2004). When comparing results across three PPGIS 
studies in National Forests in the U.S., Brown and 
Reed (2009) found that respondents who report more 
familiarity with a given area tend to identify more 
landscape values and special places (those important 
to survey participants) than respondents reporting 
less familiarity. The spatial distribution of landscape 
values can also vary according to respondents’ knowl
edge about the region. Raymond and Brown (2007) 
found that tourists with less overall knowledge of the 
region were more likely to assign values to popular 
locations along the Great Ocean Road in Victoria, 
Australia, or in the Otway Hinterland, whereas resi
dents with higher knowledge of the region assigned 
more values and indicated more hotspots of land
scape values across the region. Similarly, Munro 
et al. (2017) found that visitor mapping hotspots 
largely correspond to well-known tourism 
destinations.

Experiential place-based knowledge is also consid
ered with respect to the consistency between land
scape values and specific land-use types (Brown 2015; 
Brown et al. 2018). This approach is displayed in 
multiple studies; for example, depending on sub- 
group, recreational or instrumental values can be 
more tightly clustered along roads (Brown 2013; 
Sherrouse et al. 2014; van Riper et al. 2020) or in 
villages (Fagerholm et al. 2012). Conversely, symbolic 
and intrinsic values tend to be assigned more diffu
sively across the landscape, often in natural areas 

(Raymond and Brown 2006). Proportionately more 
values for ecosystem services may be assigned to 
forest areas and waterbodies, and fewer to agricul
tural areas (Raymond et al. 2009; Brown and Brabyn 
2012; Brown 2013). Also, participants tend to favor 
tourism and oppose land development in protected 
areas (Raymond and Brown 2006; Engen et al. 2018), 
although samples of residents can have conflicting 
values about the development of tourism in natural 
areas (Plieninger et al. 2018). However, differences in 
local knowledge may not always be spatially mani
fested. For example, while frontcountry and back
country recreationists in Denali National Park, 
Alaska, could be distinguished based on their level 
of local knowledge about certain aspects of Denali’s 
natural resources, the spatial differences in value 
assignment were less apparent (van Riper et al. 
2020). Front-country respondents assigned symboli
cally important values in accessible locations, while 
backcountry respondents assigned more diverse land
scape values to a broader, yet overlapping, expanse 
within the protected area (van Riper et al. 2020).

Despite these advancements, PPGIS literature to date 
has placed little emphasis on the relationship between 
self-reported knowledge (knowledge that comes from 
local communities about a specific topic or location), 
landscape values and land-use types. It is critical to sur
face relationships between knowledge, landscape values 
and land-use types in order to contextualize landscape 
management policies by accounting for the landscape 
management knowledge of regional populations. Self- 
reported knowledge about a specific topic or location 
can be reported by respondents based on Likert scales 
(see, for example, Raymond and Brown 2007; Kearney 
and Bradley 2011; van Riper et al. 2017; Vulturius et al. 
2020) and can be influenced by multiple individual and 
socio-economic factors, such as level of education on 
a given topic, personal experiences and cultural influ
ences, or interactions across these (Munro and Moore 
2005; Pannell et al. 2006; Gifford and Nilsson 2014; 
Varghese and Crawford 2020). Discrepancies between 
self-reported and objectively assessed knowledge in an 
individual suggest that these knowledge metrics should 
be regarded critically (Stoutenborough and Vedlitz 2014). 
Connections have been made between high levels of self- 
reported environmental knowledge about the environ
ment and pro-environmental or ecological behavior 
(Fielding and Head 2012; Otto and Pensini 2017). 
Similarly, self-reported knowledge aligns with the pre
mise of ‘ideologically motivated cognition’ in which high 
levels of knowledge about the environment correlate with 
ideological commitments to protect it (Drews and van 
den Bergh 2016, p. 6).

In this study, we aim to examine the relationships 
between self-reported knowledge about landscape man
agement (hereafter self-reported knowledge), landscape 
values and land-use types. In doing so, we highlight 
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a critical question about how eliciting diverse forms of 
local knowledges and values can contribute to inte
grated landscape management in practice. We argue 
that combining a more nuanced understanding of 
local knowledge together with spatial assessments of 
the relationships between landscape values and land- 
use types will enable landscape management practi
tioners and scientists to target landscape management 
to both diverse values and knowledges.

Materials and methods

Study area
Mjölby municipality, or Mjölby kommun, is in 
Sweden’s Östergötland County in the south-central 

portion of the country, about 10 km from Lake 
Vättern. The municipality is 557.2 square kilometers 
in size (Figure 1), part of Östergötland’s multifunc
tional landscape composed of meadows, forests, and 
oak wood-pastures (Garrido et al. 2017). These areas 
are not only valued for cultural, recreational and 
aesthetic reasons but are also some of the most bio
diverse habitats in Sweden (Garrido et al. 2017). 
Silvo-pastoralist activities feature heavily, in which 
grazing and forestry are handled as a mixed land- 
use entity, molding a unique landscape that presents 
specific challenges for conservation and the continua
tion of traditional landscape uses (Garrido et al. 2017; 
Torralba et al. 2018). Primary drivers contributing to 
the deterioration of oak wood-pasture landscapes 

Figure 1. Map displaying location of study site within Östergötland County, Sweden, with inset displaying Mjölby kommun and 
2 kilometer buffer zone used for data analysis.

214 S. ZAMAN ET AL.



include the loss of traditional grazing systems and 
land abandonment (Torralba et al. 2018).

The study area is predominantly composed of agricul
tural and forest and semi-natural areas (CLC 2018). The 
largest land-use types are non-irrigated arable land, 
which features in the north of the study site, and con
iferous forests, which occur mainly in the south. A total of 
approximately 9.8 square kilometers of Mjölby kommun 
are protected as Natura 2000 sites (Natura 2000Data- the 
European Network of Protected Sites, 2020). Importantly, 
Mjölby kommun is home to the Natura 2000 site Västra 
Harg, a small yet locally important protected area in the 
southern portion of the municipality. The protection of 
the mixed-use landscapes found here and in the rest of 
Mjölby kommun tie closely with Sweden’s environmental 
policy objectives: for example, the stated goals of sustain
able forestry, a varied agricultural landscape, and a rich 
diversity of plant and animal life. These objectives are 
affected by intensive land-use and land abandonment, 
affecting cultural heritage in connection with the land
scape (Sverige 2013).

Sampling and survey administration

We conducted a random sample of 1,200 property 
owners in Mjölby kommun, with no minimum require
ment for length of residence in the municipality (data 
provided by the Swedish governmental agency 
Lantmäteriet). In May 2019, we sent these individuals 
a postal survey invitation, which provided an overview 
of the purpose and scope of the research, a link to the 
online survey, and information necessary to comply 
with human research ethics and GDPR requirements 
at the University of Helsinki. This included a privacy 
statement concerning how participant data would be 
used during and after the project. We sent a reminder 
letter in July 2019, a month prior to the survey closing.

Survey technique

We designed a PPGIS survey in order to collect data 
about the landscape values and self-reported knowledge 
about landscape management of residents in Mjölby 
kommun (refer to Raymond et al. 2010 for distinctions 
between knowledge types). We constructed the survey 

using Maptionnaire’s online software in both Swedish 
and English. Maptionnaire is a map-based survey tool 
designed to facilitate community engagement through 
a spatial understanding of local needs (https://maption 
naire.com). The survey took approximately 30 minutes 
to complete (link to survey in Swedish and English can 
be found at https://app.maptionnaire.com/en/6086/). 
Collaboration with local stakeholders in the 
Östergötland County Administrative Board and sus
tainability researchers familiar with the study site was 
important for the survey design, as this allowed for the 
inclusion of survey questions and concepts that were 
relevant for participants (for example, the effects of wild 
boars and other invasive/pest species).

To gather information on knowledge about landscape 
management, we first asked respondents to self-report 
their level of knowledge on seven landscape management 
issues on a Likert scale of 1 to 4, with 1 representing ‘not 
knowledgeable’ and 4 representing ‘very knowledgeable’. 
We considered the following areas of knowledge: (1) 
Agriculture; (2) Forestry; (3) Protected area management; 
(4) Wild boar management; (5) Climate change’s effects 
on the local environment; (6) Native Biodiversity; (7) 
Non-native biodiversity.

Second, we asked survey participants to identify and 
map their values as points on an online map of Mjölby 
kommun according to a typology (Table 1) adapted from 
Plieninger et al. (2018). These mapped values indicate 
participants’ experiential knowledge about the landscape. 
Respondents were not limited in the number of values 
they could assign. The final section of the survey asked 
respondents for socio-demographic information.

Analysis

Comparing landscape values, 
socio-demographics and self-reported knowledge

We compared the representativeness of study partici
pants with municipal census data on the variables of 
age (18–50, 51–64, 65+), gender (male, female, other), 
employment status (employed, unemployed, retired), 
and education level (university-level education com
pleted, not completed). Because of the high mean age 
of respondents, it was necessary to categorize respon
dents into intervals that allowed for an even 

Table 1. Definitions of landscape values provided in survey, adapted from Plieninger et al. (2018).
Value type Description

Aesthetic I value these places because I find the landscape beautiful or aesthetically pleasing.
Agricultural I value these places because they provide space to grow food and raise cattle, and/or are an important part of the area’s 

agricultural heritage.
Cultural Identity I value these places because they historically and/or currently have had a part in forming my cultural identity.
Food (Harvest) I value these places because they provide food for harvesting, such as berries, mushrooms, and fish.
Forestry I value these places because they provide space to grow timber.
Native Biodiversity I value these places because I enjoy the native plants, animals, or ecosystems there.
Personal Identity I value these places because they historically and/or currently have had a part in forming my personal identity.
Recreation I value these places because they offer recreational opportunities.
Relations I value these places because of the special relationships developed with friends, family, or colleagues there historically and/or currently.
Religious/Spiritual I value these places because I appreciate their religious and/or spiritual significance.
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distribution of respondents, and thus create respon
dent categories of similar sizes.

For the purposes of analysis, we categorized respon
dents’ self-reported knowledge into those who were less 
knowledgeable or more knowledgeable about each land
scape management issue. The category ‘Less 
Knowledgeable’ (hereafter LK) included Likert responses 
of 1 (Not knowledgeable). The category ‘More 
Knowledgeable’ (hereafter MK) included responses 
from 2 to 4 (from Somewhat to Very Knowledgeable). 
This categorization was necessary because of the rela
tively low mean for all levels of knowledge.

All statistical analyses were performed using IBM 
SPSS Statistics 26. Our data did not meet the assump
tions for conducting an asymptotic test, as our 
expected frequencies less than 5. Thus, we performed 
Monte Carlo simulations in order to understand the 
strength of the relationship between different types of 
self-reported knowledge of landscape management 
topics and socio-demographics. All Monte Carlo 
simulations in this study were set to run 10,000 
times at a 99% confidence level. The models included 
the adjusted standardized residual (ASR ± 2) in order 
to account for small sample sizes. We defined statis
tically significant differences as p < 0.05.

Using Monte Carlo simulations, we then generated 
chi-square statistics and standardized residuals to 
determine whether LK and MK respondents were 
proportionately more likely to assign certain value 
types within the study site. We ran the Monte Carlo 
simulations based on whether respondents assigned 
a certain type of value (no/yes), and their self- 
reported level of knowledge (LK/MK).

Examining clusters of landscape values, land-use, 
and self-reported knowledge

All spatial analyses were performed using ArcMap 
10.3.1. Prior to the analysis, we included a two- 
kilometer buffer zone around the boundary of Mjölby 
kommun, in order to capture most landscape values, 
but also exclude spatial outliers (see Brown 2006) 
(Figure 1). Derived from methods used in Muñoz 
et al. (2019), we used the Density-Based Clustering 
DBSCAN algorithm to determine highly value-dense 
locations in the study site for both levels of self- 
reported knowledge based on given parameters. We 
decided that the DBSCAN algorithm was suitable for 
our research objective as an inductive approach to 
cluster analysis that automatically finds clusters based 
on given parameters. Using DBSCAN, we searched for 
core points, defined as points where a minimum of 10 
other points fell within the search radius. Border points 
were those which fell within the search radius of core 
points, but which did not have 10 points within their 
search radius. We determined an appropriate search 
radius to be 1000 m by using the Near tool to calculate 

the average Euclidean distance between all value points 
(i.e. the average nearest distance of one point to 
another). For each cluster, we then used Monte Carlo 
simulations to determine significant proportional dif
ferences in value assignments between differing levels of 
knowledge about landscape management.

Finally, we conducted Monte Carlo simulations in 
order to assess whether land-use types were more 
likely to affect the assignment of values than self- 
reported knowledge per density-based cluster. Using 
the CORINE Land Cover (2018) and the Natura 2000 
European Environment Agency (2020) datasets, we 
were able to observe proportional differences in value 
assignments based on landscape classes. Because 
Natura 2000 sites are distinct from and overlap multi
ple CORINE land cover types, we analyzed the effects 
of these two land cover classes separately from one 
another. Additionally, we found that one density 
cluster featured the Natura 2000 site Västra Harg, 
prompting closer examination. For this reason, we 
further tested the relationship between self-reported 
knowledge and values inside the protected area, and 
whether certain values were more likely to be 
assigned inside and outside of Västra Harg.

Results

Socio-demographics and self-reported 
knowledge: study site

From the 1200 randomly selected invitees, we received 
301 responses (25% response rate) and 1276 mapped 
points representing landscape values. Of the 301 
respondents, 27% reported their gender as female and 
35% as male. The remaining respondents did not pro
vide an answer. Compared to statistics at the municipal 
level, a greater proportion of respondents reported as 
men (50.5%) than women (49.5%) (Statistical Database, 
2020). No respondents reported their gender as ‘other’. 
Overall, the self-reported age of survey participants was 
slightly younger compared with residents in Mjölby 
kommun, with 14.29% reporting their age as 65 or 
above in the survey, compared to 27.8% in the munici
pality (Svensson 2019). The median age of respondents 
was 55; approximately 50% of respondents were 
between 45 and 65 years of age.

At the time of the survey, 29% of respondents had 
completed a university-level education, while 31% had 
not. The remaining 40% did not provide their education 
level. Individuals were more formally educated at the 
municipal level, as 75.7% had completed a university- 
level education, while 22.6% had not (Statistical 
Database, 2020). 42.3% of survey respondents reported 
to be employed (part-time, full-time or self-employed) 
compared to 67.4% of the Östergötland population 
(Statistical Database, 2020) (refer to Table 2 for 
a description of socio-demographics).
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Self-reported knowledge about all landscape man
agement sectors was consistently below the median 
score of 2 out of 4. The highest mean scores in knowl
edge were reported in native biodiversity (1.97) and 
climate change (1.87), while the lowest mean scores 
were reported in wild boar and protected area man
agement (1.68). Some proportional differences in 
knowledge levels were apparent with regard to gender 
and age. Women were more likely to report them
selves as knowledgeable about forestry (p = 0.016, 
ASR = 2.4), wild boar management (p = 0.038, 
ASR = 2.1) and non-native biodiversity (p = 0.019, 
ASR = 2.3). Respondents aged 65 and older were more 
likely to be knowledgeable about protected area man
agement, while those age 18–50 were less likely to be 
knowledgeable about this topic (p = 0.018, ASR = 2.7, 
2 respectively). No significant differences in knowledge 
level appeared in the 51–65 age group. Retired survey 
respondents were more likely to report themselves as 
knowledgeable about protected area management. 
Employment status otherwise had no effect on knowl
edge about landscape management issues.

Landscape values and self-reported knowledge: 
study site

Out of 301 respondents, 193 (64.12%) assigned 1,276 
landscape value points (average of 6.61). The most 
frequently assigned values were recreational (24% of 
total points) and aesthetic (19%). Religious/spiritual 
(2%) and cultural identity values were the least fre
quently assigned values (2% and 5%, respectively).

Overall, self-reported knowledge did not significantly 
correlate with value assignment, but some differences 
emerged when examining specific areas of knowledge 
(see supporting material). Those who reported them
selves as more knowledgeable about protected area man
agement were more likely to assign religious/spiritual 
values (p = 0.03, ASR ± 2.2). Those who self-reported 
more knowledge about non-native biodiversity assigned 
proportionately more agriculture values (p = 0.002, ASR 
±3.1), but contrary to expectations, knowledge about 
native (p = 0.103) and non-native biodiversity was not 
significantly related to the assignment of native 

biodiversity values. Knowledge about wild boar manage
ment correlated with the assignment of multiple land
scape values; the percentage of harvest (p = 0.01, ASR ± 
2.6) and personal identity values (p = 0.044, ASR ± 2) 
differed significantly between LK and MK participants. 
Strong proportional differences also emerged in respon
dents assigning forestry (p = 0.001, ASR ± 3.2) and native 
biodiversity values (p = 0.003, ASR ± 3).

Landscape values and self-reported knowledge: 
density clusters

Next, we examined the associations between land
scape values and self-reported knowledge within 
density clusters. Density-based analysis of values 
returned ten clusters indicating value-dense areas 
in Mjölby kommun, as well as a group of dispersed 
points classified as noise unassociated with any clus
ter. Of the ten clusters, we rejected five for having 
groups of fewer than 20 points and not including 
every value type (Figure 2).

In general, few significant proportional differences 
appeared between knowledge about land management 
issues and value assignments in density clusters. While 
knowledge about wild boar management corresponded 
with value assignment at the study site level, this had no 
impact on value assignments in any value cluster. 
However, in the Mjölby Central cluster, the percentage 
of religious/spiritual (p = 0.04, ASR = ±2.1) and recrea
tional values (p = 0.04, ASR ± 2.5) differed by knowledge 
about forestry (Figure 3A). Similarly, we found signifi
cant proportional differences in the Västra Harg cluster 
between those LK and MK about non-native biodiversity 
and the assignment of harvest values (p = 0.024, ASR ± 
2.1), and personal identity values (p = 0.024, ASR ±2.6) 
(Figure 3B). No significant relationships between level of 
knowledge and value assignments appeared inside and 
outside of protected areas in the Västra Harg cluster.

Associations between landscape values, 
self-reported knowledge, and land-use type: 
density clusters
Table 3 shows proportional differences in land-use 
types in each density cluster. We found that the study 

Table 2. Socio-demographics of sample compared to statistics from Mjölby kommun and Östergötland County.
Socio-demographic Category Sample (%) Municipal (%)

Gender Female 27 49.5
Male 35 50.5
No answer 3

Age 65+ 14.3 27
Education University level 29 75.7

High school, trade school, no formal education 31 22.6
No answer 40

County
Employment  
status

Employed 42.3 67.4

Retired 17.3 No data
No answer 38.9
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site was represented predominantly by agricultural 
area, but the Mjölby Central and Västra Harg clusters 
under and over-represented agricultural land, respec
tively. Additionally, forest and semi-natural areas and 

Natura 2000 sites were over-represented in cluster 3, 
which includes almost the entire Natura 2000 site 
Västra Harg. While Mjölby kommun’s proportion of 
artificial surfaces is relatively small (1.53%), clusters 

Figure 2. Density-based clusters indicating perimeters of highly value-dense areas in Mjölby kommun. Includes main CORINE 
land cover classes. Inset map displays Västra Harg cluster, with the Västra Harg Natura 2000 site.
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Mjölby Central, Mantorp, and Skänninge include 
built areas that increased their share of artificial 
surfaces.

Overall, our Monte Carlo simulations suggest that 
land-use types were a more significant indicator of 

the values assigned in each cluster compared with 
self-reported knowledge. In the Mjölby Central clus
ter, recreational values, the most frequently assigned 
value type in the survey, were more likely to be found 
in forest and semi-natural areas (p < 0.001, ASR 3.96) 

Figure 3. (a) Percentages of values assigned by those more knowledgeable and less knowledgeable about forestry in cluster 1. 
Values outlined in red indicate significant proportional differences. MK and LK refer to respondents more and less knowledge
able about forestry, respectively. (b) Percentages of values assigned by those more and less knowledgeable about non-native 
biodiversity in cluster 3. Values outlined in red indicate significant proportional differences. MK and LK refer to respondents 
more and less knowledgeable about non-native biodiversity, respectively.

Table 3. Area calculations of landscape use types in each density-based cluster. All areas are in hectares (ha). The largest land- 
use types are indicated in bold.

CORINE land cover types (tier 1)

Cluster Cluster name
Agricultural area in ha (% of 

total cluster area)
Forest and semi- 

natural area
Artificial 

surfaces area
Water 

bodies area
Wetlands 

area
Total CORINE 

area (ha)
Natura 

2000 area

1 Mjölby Central 2528.64  
(48.26%)

1732.77  
(33.07%)

949.70 
(18.13%)

28.22 
(0.54%)

0 
(0%)

5239.33 14.30 
(.27%)

2 Mantorp 1147.34  
(60.85)

313.29  
(16.61%)

424.83 
(22.53%)

0 
(0%)

0 
(0%)

1885.46 0 
(0%)

3 Västra Harg 890.53  
(37.28%)

1348.98 
(56.48%)

0 
(0%)

149.06 
(6.24%)

0 
(0%)

2388.57 293.10 
(12.27%)

4 Skänninge 466.17  
(66.11%)

63.99  
(9.07%)

175.73 
(24.92%)

0 
(0%)

0 
(0%)

705.19 0 
(0%)

5 Mjölby 
agricultural

1015.58  
(75.41%)

260.35  
(19.33%)

26.48  
(1.97%)

44.38 
(3.3%)

0 
(0%)

1346.79 55.58 
(4.13%)

Region Mjölby kommun 
study area

104,705.41  
(70.3%)

36,620.59 
(24.59%)

2279.56 
(1.53%)

3302.20 
(2.22%)

2042.10 
(1.37%)

148,949.86 2827.08 
(1.9%)
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(Figure 4A). Personal identity values tended to occur 
in specific clusters and land-use types. In the Mjölby 
Central cluster, personal identity values were more 
likely to occur in agricultural areas (p < 0.001, 
ASR = 2.5), despite this land-use types being under
represented in the cluster (Table 3). Conversely, per
sonal identity values were negatively associated with 
forest and semi-natural areas (p < 0.001, 
ASR = −2.54). When examining under-represented 
value types, we found that cultural identity values 
were more likely to be assigned to artificial surfaces 
in the Mjölby Central cluster (p < 0.001, ASR = 3.34) 
and were less likely to be assigned to its forest and 
semi-natural areas (p < 0.001, ASR = −2.9).

In the Mantorp cluster, recreational values were 
more strongly associated with artificial surfaces 
(p < 0.001, ASR = 2.83) (Figure 4B). As in the 
Mjölby Central cluster, personal identity values were 
also negatively associated with forest and semi- 
natural areas (p < 0.001, ASR = −2.1). Religious/ 
spiritual values, the least represented value type, 
were more likely to be assigned to this cluster’s agri
cultural areas (p < 0.001, ASR = 2.35).

In the Västra Harg cluster, recreational values were 
negatively associated with forest and semi-natural areas 
(p = 0.016, ASR = −2.93) but positively associated with 
waterbodies (p = 0.001, ASR = 2.14) (Figure 4C). 
Aesthetic values were the second most frequently 

assigned value type. These values were most relevant 
in the Västra Harg cluster and were more likely to be 
assigned to agricultural areas (p = 0.016, ASR = 2.1), 
despite this land-use type being under-represented in 
the cluster (Table 3). Aesthetic values were also more 
likely to be assigned inside the Västra Harg Natura 
2000 site (p = 0.001, ASR 2.4). Here, personal identity 
values were assigned to unprotected areas (p < 0.001, 
ASR = 2). Notably, religious/spiritual values were posi
tively associated with protected landscapes in the 
Västra Harg cluster (p = 0.016, ASR = 2.3).

Similar to the Mjölby Central cluster, recreational 
values were also positively associated with forest and 
semi-natural areas in the Skänninge cluster 
(p < 0.001, ASR 2.63) (Figure 4D). Here, under- 
represented cultural identity values were also more 
associated with artificial surfaces (p < 0.001, 
ASR = 2.8) and negatively associated with its agricul
tural areas (p < 0.001, ASR = −2.13).

An obvious degree of consistency between land
scape values and land-use types was evident in some 
cases. For example, agricultural values were fre
quently strongly associated with agricultural land- 
use types, and forestry values with forestry land-use 
types. For this reason, we excluded these results from 
analysis. Finally, the Mjölby agricultural cluster did 
not return significant results on the relationship 
between land-use and values.

Figure 4. (a) Landscape values assigned to landscape uses in the Mjölby Central density cluster. (b) Landscape values assigned to 
landscape uses in the Mantorp density cluster. (c) Landscape values assigned to landscape uses in the Västra Harg density cluster. (d) 
Landscape values assigned to landscape uses in the Skänninge density cluster. Concentric circles represent the ASR, for which significant 
results are defined at ± 2. Positive associations are indicated in green, moving to negative associations in red towards the center.
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Discussion

Overall, we found stronger spatial associations 
between landscape values and land-use types com
pared with landscape values and self-reported knowl
edge about landscape management. The land-use type 
to which a landscape value is assigned is sometimes 
supported by self-reported knowledge, while self- 
reported knowledge did not provide a conclusive pat
tern about value assignment on its own. Given these 
differences, we propose that a more holistic under
standing of local knowledge and landscape value 
assignment is needed, accounting for self-reported 
knowledge about landscape management issues, in 
addition to more classical PGGIS studies focusing 
on the relationships between landscape values, land- 
use type and general familiarity with a study region.

Here, we identify three main intersections between 
landscape values and the forms of local knowledge in 
this study: 1) value types over-represented in PPGIS 
research with strong links to land-use; 2) value types 
under-represented in PPGIS research with strong 
links to land-use; 3) value types under-represented 
in PPGIS research grounded in both land-use and 
self-reported knowledge. While certain landscape 
values may be under-represented in PPGIS research, 
spatial variations in their assignment linked to self- 
reported knowledge can help derive motivations 
about landscape values among diverse groups.

Over-represented values and land-use

We found that the frequent assignment of recrea
tional and aesthetic values was largely unaffected by 
self-reported knowledge. We propose this could be 
because these values are not generally derived from 
formalized, explicit knowledge but are often more 
tacit or implicit in scope (following Raymond et al. 
2010). Knowledge about landscape management can 
be technical and abstracted from context and there
fore may have less impact upon aesthetic and recrea
tional value assignment. Recreational and aesthetic 
values were the most frequently assigned to the land
scape at 43% of the total values mapped, an impor
tant pattern that aligns with many past value- 
mapping studies using PPGIS methods (Brown and 
Brabyn 2012; Muñoz et al. 2019; Munro et al. 2017; 
Plieninger et al. 2018; Sherrouse et al. 2014; van Riper 
et al. 2012).

Under-represented values and land-use

In this research, we allowed participants to identify 
and map personal and cultural identity values using 
pre-determined operational definitions. Spatial pat
terns of these values highlighted perceptions of how 
the collective and individual identities of Mjölby 

kommun’s residents are shaped by the landscape. In 
this study, cultural identity values often linked to 
artificial surfaces in density clusters and significantly 
disconnected from forested and semi-natural and 
agricultural areas. Cultural identity values also had 
no significant connection to knowledge about land
scape management. These results contribute to 
a pattern of tacit values that are more likely to be 
grounded in land-use than self-reported knowledge 
and aligns with previous work indicating that cultural 
identity helps to surface place-based meaning 
(Davenport and Anderson 2005). However, the 
decreased frequency of cultural value assignment 
(5% of the total values mapped) illustrates that indi
vidualized PPGIS mapping may not be the best 
method for assessing community-wide cultural 
values. Cultural identity values may instead be devel
oped through social interaction, a factor not consid
ered with PPGIS research conducted with individuals 
(Kenter et al. 2016).

Under-represented values across both land-use 
and self-reported knowledge

Interesting distinctions appeared when considering 
both land-use and self-reported knowledge with the 
assignment of personal identity and religious/spiri
tual values, the least frequently mapped values at 9% 
of the total values assigned. With regard to personal 
identity values, we saw that these were associated 
with certain agricultural landscapes and dissociated 
from forested and semi-natural landscapes and pro
tected areas. In parallel, MK respondents about wild 
boar management were more likely to assign personal 
identity values at the study site level (these MK 
respondents were also more likely to assign native 
biodiversity, harvest, and forestry values). 
Knowledge about wild boar management was less 
important at the density cluster level. This interesting 
result could stem from the fact that wild boars are 
mobile in the landscape and effect high levels of 
impact across land-use types (Campbell and Long 
2009; Gren et al. 2020). These respondents may also 
have livelihoods and lifestyles, and thus personal 
identity, linked to the agricultural landscapes at 
stake in the management of wild boars, a view sup
ported by past research indicating farmers are more 
likely to have negative views towards wild boars 
(Harper et al. 2016).

Meanwhile, religious/spiritual values were more 
likely to be assigned to the Västra Harg Natura 
2000 site and certain agricultural areas, corroborating 
previous research indicating similar patterns 
(Raymond and Brown 2006; Zoderer et al. 2016). 
Greater knowledge about protected area management 
also reflected a greater likelihood to assign religious/ 
spiritual values at the study site level. This result is 
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consistent with past work on social values of users 
and practitioners of protected areas, who identify 
protected areas with intangible experiences related 
to tranquility and the opportunity to escape modern 
life (Pike et al. 2011).

Limitations and future directions

A limitation of this study was the left skew to self- 
reported knowledge, meaning most respondents 
reported weak to moderate knowledge about natural 
resource management issues. This may be partly due 
to cultural reasons but was also partly a result of our 
sampling strategy, as we focused on randomly sam
pling residents who may not be tied to landscape 
management sectors. This was evident from our 
results, which indicated that residents were more 
knowledgeable about topics in native biodiversity 
and climate change, than, for example, wild boar 
and protected area management. However, knowl
edge is not evenly distributed. This is emphasized, 
for example, by the growing rural–urban divide 
through the development of the knowledge economy 
(Li et al. 2019) and gendered access to ‘knowledge 
required for agency’ in Sweden (Ledman et al. 2018, 
p. 98). While this sampling decision was most appro
priate for this study based on available resources, we 
recommend that future PPGIS studies intending to 
examine these forms of knowledge use a random 
stratified sampling technique in which respondents 
are grouped based on known levels of self-reported 
knowledge. Additionally, representativeness was 
complicated by decreased response rate to socio- 
demographic questions. For these reasons, it is diffi
cult to extrapolate the study data to the wider popu
lation of Mjölby kommun; however, it is still possible 
to observe patterns through the data provided and 
look for avenues for future PPGIS research in self- 
reported knowledge and values.

Implications for integrated landscape 
management

Integrated landscape management policy increasingly 
draws upon local and scientific knowledge. Protected 
area management plans also benefit through recog
nizing the importance of diverse knowledges and 
hence diverse values (Pike et al. 2011). This is parti
cularly important for multifunctional landscapes such 
as Västra Harg in our study, which is a mosaic land
scape defined by more or less conspicuous edges and 
boundaries that simultaneously separate and connect 
different land uses, interests, conservation goals, and 
human activities. This study can help landscape man
agers tailor their strategies to integrate the discrete 
associations between landscape values and land-uses 
and the type and level of local knowledge about 

landscape management. We found significant asso
ciations of self-reported knowledge with age and 
some value types, which can inform management 
not only on which values are important for whom 
and where, but also what are potential areas of con
cern. For example, there was generally low societal 
knowledge about landscape management practices in 
the area, and a particular lack of knowledge on pro
tected area management among the younger popula
tion. Thus, educational materials, exhibitions and 
training workshops could be used to further promote 
learning and sense of community. Future research 
could then investigate if an increase in knowledge 
about local landscape management would more 
strongly influence value assignment and pro- 
environmental behavior (Fielding and Head 2012; 
Otto and Pensini 2017).

Conclusion

This study examined the relationships between land
scape values, self-reported knowledge about landscape 
management, and land-use types. Overall, our results 
corroborate past research suggesting that there are 
strong links between landscape values and land- 
use (Brown and Fagerholm 2015). For example, we 
found strong associations between tacitly understood 
values and land-use, particularly for recreational and 
aesthetic values. However, other landscape values 
under-represented in this study and others in the 
PPGIS literature (cultural identity, personal identity, 
and religious/spiritual values) also had strong associa
tions to self-reported knowledge about landscape man
agement. Therefore, the potential for diversity in 
knowledge should be accounted for in integrated land
scape management planning. Communities as a whole 
could benefit from this approach in the future. For 
example, landscape managers may target educational 
material for residents, thereby promoting community 
learning, while also engaging with more diverse land
scape values. We recommend testing these methods in 
other case study sites where knowledge dynamics can 
be further examined and untangled in order to better 
understand these context-specific relationships.
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