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ARTICLE INFO ABSTRACT

Handling Editor: Cynnamon Dobbs Large cities are both centers of demand for cultural ecosystem services (CES) and a source of environmental
impacts. Assessing CES yields information to reduce the vulnerability of these services to such environmental
impacts as well as to strengthen them in order to improve human well-being in cities. The Andean piedmont of
Santiago is a natural mountainous area adjacent to the largest city in Chile and a source of CES, which are
threatened as a result of the urbanization and weak territorial management instruments. A model was con-
structed to represent the provision of CES in the piedmont. The model integrated participatory techniques and
geographic information analyses, making it possible to quantify and map the CES provision, which was repre-
sented by ecosystem attributes. CES are provided according to the weight that different stakeholders assign to
these attributes. Attributes were characterized and then represented in space, resulting in a spatially explicit
index constructed as the weighted sum of the previously established attributes. Our results show that the most
relevant variables for the visitors when they come to enjoy the CES of the piedmont are accessibility and scenic
beauty. In general terms, this means that the highest CES provision level is concentrated in the mid-altitude zone
of the piedmont (away from the city but still accessible). We conclude that the piedmont areas close to large cities
are relevant in terms of provision of CES and their protection is a priority to maintain the flow of CES towards the
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inhabitants of these cities.

1. Introduction

Ecosystem services (ES) are the direct contribution of ecosystems
-whether natural, semi-natural or artificial- to the human well-being. In
this respect, the ecosystem benefits are defined as products or experi-
ences that derive from these ES (Haines and Potschin, 2013). It is
broadly recognized that the ES approach is essential for making
informed decisions about land use management (Jacobs et al., 2016;
Menzel and Teng, 2010). This relevance is evident in the development of
current conceptual frameworks such as the Intergovernmental Platform
on Biodiversity and Ecosystem Services (IPBES, 2018), or the United
Nations Agenda 2030 for Sustainable Development (United Nations,
2015), and in the exponential growth of ES scientific knowledge in the
last decade (Delgado and Marin, 2015).

Natural and semi-natural areas near large cities are especially
important to provide ES with a direct impact on human health and
safety, such as air purification, noise reduction, urban cooling and runoff

mitigation (Gomez-Baggethun et al., 2013; Zwierzchowska et al., 2018;
Qizheng et al., 2020). Cultural ecosystem services (CES) (Haines and
Potschin, 2013) are also provided by peri-urban natural ecosystems with
an important and substantial contribution to well-being. The Millen-
nium Ecosystem Assessment (MEA, 2003) defines CES as “non-material
benefits that people obtain from ecosystems through spiritual enrich-
ment, cognitive development, reflection, recreation and aesthetic ex-
periences”. CES can be experienced in remnants of forest, rivers and
urban green areas (Elmqvist et al., 2015; Ko and Son, 2018), playing an
important role in large cities (Riechers et al., 2016). Some of the benefits
offered by CES are recreation, aesthetic inspiration, education, social
interaction, attachment to the place, connection between residents and
nature, and spiritual enrichment (TEEB, 2011).

Some authors have assessed the relation of access to natural areas
with stress reduction and the improvement of physical and mental
health (e.g. Ulrich, 1984; Alcock et al., 2014; Cole et al., 2019; Remme
et al., 2021) and longevity (e.g. Takano et al., 2002). In addition, areas
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Fig. 1. Graphical representation of the methodological framework designed to evaluate the provision of ecosystem services.

with natural elements in cities are places where collective outdoor ac-
tivities take place. These collective instances contribute to people
creating and maintaining emotional bonds and social leadership, thus
achieving cohesion among citizens (Kazmierczak, 2013; Enssle and
Kabisch, 2020). Furthermore, children’s cognitive processes have been
reinforced by these natural areas (Groening, 1995; Dadvand et al.,
2015). However, despite the recognized importance of CES for human
well-being, significant conceptual and methodological gaps for their
assessment still exist, especially for urban contexts (Hernandez-Morcillo
et al., 2013; Riechers et al., 2016). According to Chan et al. (2012a),
these gaps persist because there is no commonly accepted framework for
eliciting less tangible values. In this regard, the assessment of CES and
their inclusion in policy agendas is a big challenge given the complex
interactions of regional characteristics, different stakeholders and
landscape settings that may influence the social perceptions of the
immaterial benefits of the natural environment (Kabisch and Haase,
2014; Riechers et al., 2016). In addition, in large cities the generation of
CES is affected by complex socio-environmental dynamics that are
influenced by the historical, cultural and economic context of the ter-
ritories (Ramos et al., 2018). Assessment of CES provides information to
reduce the vulnerability of these services to adverse the effects of native
vegetation areas being replaced for housing, and to strengthen them in
order to guarantee specific standards to improve human well-being in
cities (Maes et al., 2012; Cerda and Tironi, 2016; Enssle and Kabisch,
2020).

In many cases, piedmonts represent the interface between large
urban centers and mountain ecosystems (Kulakowski et al., 2017),
which makes piedmont regions sources of provisioning and regulating
ES, such as prevention of natural disasters, food supply, water and raw
materials, tourism, and CES related to recreational activities (cycling,
bird watching and trekking) (Gret-Regameya et al., 2008). The Andean
piedmont of Santiago is in central Chile, which has been classified as a
biodiversity hotspot of global relevance due to the exceptional concen-
tration of endemic species experiencing habitat loss (Myers et al., 2000).
It is a transition zone between a mountain ecosystem and an urban
ecosystem (Romero and Vasquez, 2005). The piedmont is visited by city
residents for activities in contact with nature thanks to remnants of
forests, rivers and mountain peaks (elements not present in the city) (De
La Fuente De Val and Miihlhauser, 2014). However, there is a process of

urban expansion towards the mountains not fully controlled by the au-
thorities (Schiappacasse and Miiller, 2012; Cox and Hurtubia, 2016) that
poses a threat to mountain ecosystems that currently show low or no
anthropogenic intervention and are a relevant source of CES. Therefore,
information on CES provision can be useful for land use planning in the
piedmont to prioritize areas that are relevant sources of CES for city
residents and to prevent environmental conflicts (Almeida et al., 2007;
Maes et al., 2012). In addition, the assessment of CES through spatial
analyses that integrate participatory tools is suitable for involving the
community in the analysis of the services and at present they are among
the most used techniques to convey the social values of the territories to
decision-makers (Cerda and Tironi, 2016).

In this vein, this study aimed to evaluate the provision of CES in the
Andean piedmont of Santiago, Chile. In particular, our objectives were:
a) define the attributes that determine the potential provision of CES, b)
determine the importance that different stakeholders lend to the attri-
butes, and c) estimate the actual provision of CES for the study area. The
potential provision of CES is determined by attributes related to the
biophysical, social and historical features of the ecosystems. The current
CES provision is determined by the weight that different stakeholders
give these attributes.

It is important to mention that this case study is a contribution to
knowledge about CES in Latin America, one of the world’s most ur-
banized regions (United Nations et al., 2014), but where the role of
urban ecosystem services has been little studied in comparison with
Europe and North America (Roy et al., 2012; Hernandez-Morcillo et al.,
2013; Milcu et al., 2013; Haase et al., 2014).

2. Materials and methods

To evaluate the performance of the CES, a model based on the multi-
criteria evaluation method (MCE) was proposed, specifically on the hi-
erarchical analytical process developed by Saaty (2000). This method
allows representing a complex problem or process that is composed of
several attributes and criteria, developed hierarchically and at different
levels. The attributes and criteria that explain the problem can be
quantitative or qualitative and are represented in a common mathe-
matical language to make them comparable (Pacheco and Contreras,
2008). The attributes must be evaluated and prioritized by the actors
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Fig. 2. Study area in the Andean piedmont of Santiago, Chile.

involved in the problem, resulting in different weighting of the attri-
butes that represent their judgments, which is studied by performing a
sensitivity analysis (Fig. 1).

2.1. Study area

The Andean piedmont of Santiago is located in the Metropolitan
Region of Santiago (central Chile) and covers five communes from north
to south: Las Condes, La Reina, Penalolén, La Florida and Puente Alto
(Fig. 2). It has an area of 146 km?, with an approximate altitude between
700 and 1500 m a.s.1. It presents low density urban areas and ecosystems
with plant communities of the sclerophyllous and the Andean scle-
rophyllous forests (Romero and Vasquez, 2005), which experience
environmental pressures such as cutting and harvesting of woody ma-
terial, extraction of non-wood products and loss of habitat caused by
land use change (building space). In terms of fauna, there are 137 po-
tential species, of which 16 % are endemic to Chile, 76 % are native and
22 % are threatened (Hernandez et al., 2016).

Currently, the study area contains seven recreational parks used by
Santiago residents and tourists. Six of these are under the administration
of the Parque Cordillera Association, which is responsible for main-
taining the trails, installing signage and providing park rangers. At
present, the park network receives around 230000 visitors annually
(data published at the Asociacién Parque Cordillera, website htt
p://asociacionparquecordillera.cl/quienes-somos/). ~ Although most
parks are managed by some institution, they are not legally protected or
included in any territorial planning instrument. In fact, in most cases,
the park lands belong to a private owner who has given over the re-
sponsibility for their management.

2.2. Determination of the attributes that define the provision of CES

The attributes which define the provision of CES are ecosystem ele-
ments relevant to the generation of these services, and are related to
biophysical, social and historical ecosystem characteristics. Among the
primary sources used to establish the attributes, there were field trips to
recognize the study area, visits to recreational parks, interviews with

park rangers and consultations with a panel of six environmental sci-
entists. As a secondary source, literature was reviewed for similar ex-
periences in other countries, previous studies in the Andean piedmont of
Santiago (De la Fuente and Miihlhauser, 2006; Casado-Arzuaga et al.,
2013; Nahuelhual et al., 2013; De la Fuente and Miihlhauser, 2014;
Hernandez et al., 2016) and applicable current legislation and official
reports. Once the main dynamics associated with the provision of CES in
the study area were understood, the following attributes were deter-
mined: accessibility, scenic beauty, sites of cultural importance and vi-
sual range, which are defined in Table 1.

The accessibility attribute was repeated as a key concept in the ref-
erences consulted because it determines the enjoyment of CES users.
During the field trips, it was verified that there are several sites in the
piedmont that are difficult to access but are part of the landscape and
offer impressive panoramic views. Thus, the visual range attribute was
integrated to represent this characteristic and give value to hard-to-
reach sites. On the other hand, the biota of the ecosystems also corre-
sponds to a concept addressed in the literature (TEEB, 2011; Elmqvist
et al., 2015; Riechers et al., 2016) and is relevant in the context of ES,
particularly in an area such as the piedmont given that it differs from the
city in that it contains patches of native forest. The latter was repre-
sented by the scenic beauty attribute, which deals with the subjective
experience of different people visiting the piedmont. Finally, the cultural
component contributed by the human being in the ecosystem was rep-
resented by the sites of cultural importance, since various constructions
and representations that visitors currently use and value were identified
during the field trips.

2.3. Characterization of attributes

Accessibility was characterized by the current density of paved roads
in the urban area and the paths present in low density urban areas and
areas with vegetation cover. The paths were classified into two types
according to their altitude (1,000-1,250 m a.s.l. and 1,250—1,500 m a.s.
1.). Only official spatial layers were used for plotting the road network,
such as a street map of Santiago and the recreational paths in the parks.
Tracks were made with GPS and visual interpretation from high-
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Table 1

Description of the attributes used to construct the GIS on CES provision.
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Attribute Group of CES Definition Representation Characteristics/variables Spatial representation
(CICES)
Distance (m) between a
Degree to which the piedmont, Paved roads. street and each pixel of
through the present roads, allows the study area
people to visit. It was selected as  Average between distance values Paths . .
. . . . 1/2 distance (m)
an attribute because it of the layers associated with each between 1000
. . . between a 1,000-1,250
Physical and determines that piedmont type of road (paved and path). m a.s. m as.l path and each
Accessibility experiential visitors can access and enjoy the The layers are weighted . 1.-1,250 m a. s s P
) . . g . . . Authorized land pixel in the study area
interactions CES that the piedmont provides. differently according to their s.l.
. s paths connected to
Accessibility controls the degree of accessibility Paths . .
.. . . L. the street network. 1/4 distance (m)
provision of CES since it can considering the type of road. between 1250
. between a 1,250—1,500
satisfy the demand for these m a.s.
. m a.s.l. path and each
services. 1.—-1,500 m a. .
sl pixel in the study area
. It can take 3 values:
Physical and Physical and Type of Site focal, complementa
4 L Presence of sites, situations or Score (0—6). Zero implies intellectual P ’ P 4
experiential X . K . . . or support.
. . structural configurations of absence of a site of cultural interactions with
interactions . Number of It can take 3 values:
ecosystems (e.g., a lagoon where biota, .. . .
. . visitors high, medium and low.
people swim or a tree worshiped
. R It can take 3 values:
Sites of Intellectual and by indigenous people). They are
. B . o ecosystems and " preserved, moderately
cultural representative linked to a specific site in the . Condition. .
X . . e 1 . importance, and the other values  landscapes. deteriorated and
importance interactions ecosystem with different spatial . .
X . . imply presence of one or more deteriorated.
dimensions (it can be a . e - .
sites, with different levels of Spiritual, symbolic
landscape, a road or a rock) and X . It can take 3 values:
Spiritual and/or allow access to the general importance (see Table A3 in and other reserved, moderatel
P 8 Appendix A). interactions with Condition. P ’ Y

emblematic

Physical and
experiential
interactions

ic b
Scenic beauty Intellectual and

representative

public.

Esthetic perception of territorial
units (TU) in which they are
inserted.

TU were determined according to
previously defined homogeneous
TU, which are basic units of
sampling and zoning plotted

Rating (1-7). 7 is the maximum
value of scenic beauty.

biota, ecosystems
and landscapes.

Natural landscapes.

Urban landscapes and crops.

deteriorated and
deteriorated.

Rating (1-7). 7 is the
maximum value of
scenic beauty.

Rating (1-7). 7 is the
maximum value of

interactions according to vegetation, slope,
hydrological network, land use
and other criteria.

Esthetic perception of a
panoramic landscape. Evaluates
the panoramic image observed
from a certain point in space. It
was determined relevant since it
is possible to experience
panoramic views from the high
zones of piedmont with diverse
landscapes.

Physical and
experiential
interactions

Visual range low).

scenic beauty.

Size of the visual field. -

Scale of value (high, medium,

Visible elements in the visual field. -

resolution satellite images. In addition, spatial layers obtained from
participatory websites (Web 2.0: Wikiexplora, Wikiloc, Andeshandbook
and Openstreetmap) were reviewed to complement the road network.

The characterization of the attribute sites of cultural importance con-
sisted of identifying and subsequently evaluating the sites. To identify
the sites, we reviewed the official list of national monuments prepared
by the National Council, the tourism and heritage guide of the commune
of Penalolén, official municipal websites and milestones marked on the
Google Earth platform. In addition, the paths of the recreational parks
were visited in search of relevant sites and the information obtained on
the route was verified with the park rangers. The following character-
istics of sites of cultural importance were evaluated: conservation status,
number of visitors, timing of visits, type of protection and whether or not
these were the main reason for the visit (e.g., waterfalls are generally the
main reason for visiting tourists). The parameters evaluated are
described in detail in Table A2 in Appendix A.

To verify which sites were the main reasons for tourist visits, 60
visitors were interviewed at the recreational parks present in the study
area is September-October 2016. The survey allowed identifying their

reason to visit the park, the relevant sites, the conservation status of the
parks (vegetation and infrastructure), the frequency of visits, and
determining if tourists were looking for specific elements of the park (e.
g., viewpoint, waterfall, monument) or rather they preferred to walk the
trails. In 2015, 190,000 people visited the piedmont recreational parks
(estimated from data published at the Asociacién Parque Cordillera
website, http://asociacionparquecordillera.cl/). According to this, the
results of the sample corresponding to the 60 surveys administered have
an error of 12.65 % with a 95 % confidence level. The respondents were
approached at the park exits to ask about their preferences.

In addition, the study area was divided into homogeneous territorial
units (TU) to evaluate the attributes scenic beauty and visual range. To
trace the TU, the following factors were considered: vegetational for-
mations, slope of the terrain, aspect of slopes, watersheds, land use and
elements constructed by humans. Homogeneity in the TU was sought to
achieve representativeness; for example, a TU that had areas of two
hillsides with different aspects would not be drawn, since this implies
that there were two different vegetational formations in one TU. Water
bodies and cultural monuments were not divided.
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Scenic beauty of the landscapes present in the study area was char-
acterized by the participatory works of Purcell et al. (1994) and De la
Fuente and Miihlhauser (2006; 2014), made for the urban landscapes of
Australia and landscapes of the Andean piedmont of Santiago, respec-
tively. In those works, a group of people gave their preferences
regarding the urban landscapes and piedmont landscapes through a
survey, which consisted of a set of photos of different landscapes and a
subsequent rating on their beauty (scale from 1 to 7) by each respon-
dent. Landscape types and ratings are presented in Table A1 in Appendix
A. Once the TU was defined, the works of Purcell et al. (1994) and De la
Fuente and Miihlhauser (2006 and 2014) were used to assign a scenic
beauty assessment to each TU in the study area. Each TU was homolo-
gated to a type of landscape and then the evaluation was assigned
correspondingly, as was done in those studies.

Urban area and the areas with vegetation cover in the piedmont were
characterized differently. For the area with vegetation cover, the type of
landscape in each TU was classified directly during field trips according
to the landscapes proposed by De la Fuente and Miihlhauser (2006 and
2014) (Table A1 in Appendix A). For the urban zone, the land cover data
in each TU were associated with the landscape categories proposed by
Purcell et al. (1994).

To evaluate the visual range, two criteria were established: (1) the
size of the visual field that is perceived from a certain point of the
landscape, and (2) the elements that are seen in that visual range. It was
considered that the units with a "high visual range” were those with a
wider visual field (either from the mountain range or the city) and with
the possibility of appreciating natural sectors of scenic importance. On
the contrary, those sectors with a narrow visual field and with natural
sectors strongly intervened in a disjointed way within their visual field,
were rated with “low visual range”.

The visual range was characterized differently in the urban area than
the areas with vegetation cover. The areas with vegetation cover were
classified directly on the ground in the categories: high, medium and low
visual range. The TUs of the urban area were classified according to their
land cover and average altitude, because these two variables partially
determine the size of the visual field perceived from a specific location of
the TU and the elements that can be seen in that visual range.

2.4. Spatial representation and standardization of attributes

A geographic information system (GIS) was created to spatially
represent CES provision in the piedmont, with a spatial resolution of 30
m (pixel size: 900 m?). Table 1 shows the description of the attributes.
These attributes can be linked to different CES groups presented in
CICES (Haines and Potschin, 2013), which are: (1) physical and expe-
riential interactions, (2) intellectual and representative interactions,
spiritual and/or emblematic and other cultural outputs.

After the generation of the spatial layers, either qualitative or
quantitative, they were standardized on a common ordinal scale of
0-100, according to the method proposed by Del Pilar Bautista et al.
(2004):

(VO - Vmin)(Qmax - Qmin)

Vn =
" Vs — Vo)

+ (Qmin) €))

Where, : Normalized value, Vj : Original value, Vp,;, : Minimum value of
the original data range, Viax : Maximum value of the original data range,
Qumax : Maximum value of the new data range, and Qp, : Minimum value
of the new data range.

2.5. Weighting of attributes by stakeholders

Valuations of the attributes were obtained from a group of stake-
holders to determine their relative importance using the Saaty matrix
(1977). Stakeholders compared pairs of attributes to determine the
relative importance of one attribute over another. Responses were on a
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scale of qualitative importance ranging from 1 to 9.

The stakeholders were represented by: (a) a professional related to
the topic of the CES: a geographer and researcher. He has specialized in
urban green infrastructure and has conducted CES studies in the context
of urban planning and the piedmont of Santiago; (b) a manager of the
CES provider-sites in the piedmont: current administrator of the Que-
brada de Macul park (park belonging to the Cordillera Park Association)
and a participant in various initiatives to protect the piedmont from
urbanization processes; and a group of three beneficiaries (tourists) of
these services. Each person represented one of the three tourist profiles
identified in the 60 surveys, according to the main reasons they had to
visit the study area: (c) tourists interested in sports, who do trekking,
climbing or cycling, (d) tourists interested in science and contemplation of
nature, and (e) tourists interested in recreation, seeking a natural space
away from the city to enjoy with family or friends. People selected to
value the attributes were searched within the networks of the research
team.

All the actors were interviewed individually for one hour. The defi-
nitions of the attributes were explained to them in detail and an adapted
questionnaire was applied to fill the Saaty matrix with their important
judgments. Only one CES provider-site administrator was selected
because there is a single entity responsible for the administration of
recreational parks in the piedmont (Cordillera Park Association).

2.6. CES provision index

According to the MCE method, the actors’ judgments were system-
atized using the Saaty (2000) matrix, a tool that compares pairs of at-
tributes through the question: how much more important is the attribute
in row i than the attribute in column j? This question is answered based
on a qualitative scale of importance with values from 1 to 9. The value 1
implies that the attributes are equally important, while the value 9 im-
plies that the attribute of row i is absolutely more important than the
attribute of column j.

The Saaty Matrix was filled by the key stakeholders during individual
meetings. Later, the geometric mean of the preference matrices of each
actor was calculated. The result of the geometric mean was a common
weighting vector (row matrix), which integrated the value judgments of
all the selected actors for all the evaluated attributes. The weights took
values between 0 and 1, and the sum of all of them added up to 1. Once
this vector of weights was obtained, the cultural ecosystem services
index (CESI) was calculated as:

CESI = Z(weighti-Attribute;) 2

i=1

Where Weight;: attribute weighting ;, Attribute;: attribute ; of the evalu-
ation model, and n: total number of attributes identified in the evalua-
tion model.

The CESI represented the level of CES provision for each pixel in the
study area with values between 0 and 100. Subsequently, values were
categorized in three classes: high, medium and low, generating a map
showing the level of CES provision in qualitative terms. The classes were
determined using the natural breaks method (Jenks, 1963), which is
widely used in GIS due to its ability to establish intervals with a clear
spatial representation (Garcia and Munoz, 2008).

2.7. Sensitivity analysis according to the stakeholders’ judgments

In order to analyze the sensitivity of the GIS model, the results ob-
tained in Section 2.6 (original CESI) were compared with the results of
the index constructed from the individual judgments of each of the five
actors interviewed. These results were divided into three qualitative
classes (high, medium and low) using the equal intervals method, so
they would be comparable. The scale of possible results was from O to
100 and the intervals were: A: 0-33.33; B: 33.33-66.67; C: 66.67—100.
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3. Results
3.1. Characterization of attributes

Accessibility: high accessibility values are tangential to the network of
roads and paths traced, differentiated according to the type of road
(paved or paths). The piedmont shows greater accessibility in the
western area due to the higher density of roads in the urban area,
decreasing to the east where low-density and non-urbanized urban
sectors are more abundant (Fig. 3).

Scenic beauty: the natural spaces of the piedmont present greater
scenic beauty than the spaces with anthropogenic impacts. Highlighted
are forested landscapes, open spaces and the presence of water. Land-
scapes associated with mining and industrial areas, which do not have
vegetation components, are the worst evaluated, so the values decrease
according to human intervention (Fig. 3).

Sites of cultural importance: 93 sites of cultural importance were
evaluated, from which 53 were classified as high, 33 as medium and 7 as
low importance. The best evaluated sites of cultural importance are in
the northern part of the study area, mainly due to the presence of
established recreational parks that have good accessibility and an entity
responsible for management. While in the southern part of the study
area there are sites that are visited and considered important by tourists,
they do not have adequate care or accessibility. Paths and rivers stand
out among the sites classified with high importance. Some tourists
appreciate walking the path per se and enjoy the surrounding landscape,
while others seek out sites that the parks establish as goals on maps
(usually mountain tops or viewpoints) (Fig. 3).

Visual range: higher visual range is related to higher altitude in the
piedmont. The lower zones in the study area (west) have a limited visual
range, caused in part by the smog layer present in Santiago. In high areas
there is a wide visual range in all directions, with a view of natural areas
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Fig. 4. CES provision level map. Left: CESI value. Right: qualitative classes of provision level.

of high scenic value and a panoramic view of the city (Fig. 3).
3.2. CES provision index

The CESI was estimated as follows:

CESI = (0.43-AC) + (0.27-SB) + (0.16-SCI) + (0.14-VR) 3)

Where, AC: Accessibility, SB: Scenic beauty, SCI: Sites of cultural
importance, and VR: Visual range. The set of relevant actors interviewed
gave more importance to the accessibility attribute, which translated
into the highest weighted value (0.43), followed by scenic beauty, sites
of cultural importance and finally visual range.

Certain preferences associated with the actors’ roles can be estab-
lished. The park manager gave greater importance to accessibility,
considering that it is a determining factor and the starting point for
tourists to enjoy the services provided by the piedmont. The tourist with
an interest in sports emphasized the visual range, preferring to
contemplate the ecosystem in its fullness and liked to know the point
where he was on the map to project his sporting goals. The tourist with
interest in science and contemplation of nature gave greater importance
to the scenic beauty than the other attributes, and was interested in
having direct contact with nature. The less accessible a place is, the more
pristine, and therefore more valued by him. The tourist with interest in
recreation focused on accessibility. Similarly, the park manager
considered accessibility a determining factor since children could
become exhausted and prone to accidents in inaccessible places. Finally,
the professional showed a balance in the preferences, probably associ-
ated to the academic role and knowledge of the study area and the dy-
namics associated with the CES, considering that all the attributes were
equally relevant.

The CES provision level showed a pattern influenced by altitude
(Fig. 4); the values of the CESI increased in the west-east direction as the
height of the piedmont increases, reaching the maximum values in the
middle-high part. This behavior is due mainly to two reasons related to

scenic beauty and accessibility (attributes with greater weighting in the
model): (1) accessibility values are higher in the west end (according to
urbanization), and (2) the values of scenic beauty are concentrated in
the middle and east end of the piedmont. As seen in Fig. 4, the highest
CESI values are found in the upper-middle zone, according to surfaces
with higher values of scenic beauty that present an acceptable degree of
accessibility.

Table 2 shows that there is a greater area of the piedmont classified
with a low level of provision (41.3 %), followed by the medium category
(30.5 %), and finally the high level (28.2 %). The scale was constructed
based on the values obtained in this study. This means that surfaces with
a low level of CES provision are established with respect to the other
surfaces of the piedmont.

The ravines are important sources of CES because they are evaluated
with high scenic beauty and have sites of cultural importance, such as
rivers, waterfalls, lookouts, trails and so forth, which are elements that
contribute positively to the evaluation of the CES provision level. This
also occurred with the established parks in the study area that have a
relevant CES provision level, consistent with the current use and their
offering. Parks are accessible places, with the presence of sites of cultural
importance, beautiful in scenic terms and with sectors of high visual
range. In other words, they are areas that meet all the evaluated
attributes.

Another factor that determined the CES provision in the piedmont is

Table 2
Values of the CESI and area for each class obtained with the general model (Eq.

(3)).

Class CESI value Area (km?) Area (%)
Low 0-41.2 60.3 41.3
Medium 41.2-58.8 44.6 30.5
High 58.8-100 41.1 28.2
Total 146 100
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Fig. 5. Values of the Cultural Ecosystem Services Index (CESI).

Fig. 6. Cultural ecosystem services provision level maps. A) Original model (CESI); B) Professional; C) Manager of CES sites; D) Tourist with an interest in sports; E)

Tourist with an interest in science and F) Tourist with an interest in recreation.

A B A
- - A
CES
PROVISION
LEVEL
’ ’ " - Lovs: 0-33.33%
[ ] Medium: 33.33-66.675%
- High: 66.67-100%
5 % 5 %
4 o
- Low: 0.33% 1‘ Low: 0.78% Low: 1.26%
‘s Medium: 65.64% » Medium: 68.96% Medium: 79.89%
High: 34.04% High: 30.26% High: 18.86%
D E
'
> : >
Low: 0.01% Low: 37.48% Low: 0.67%
Medium: 45.96% « Medium: 61.20% Medium: 26.60%
High: 54.03% High: 1.32% High: 72.73%




S. Alvarez-Codoceo et al.

the political delimitation of the Ecological Preservation Zone. As shown
in Fig. 5, this zone protects much of the piedmont from urbanization
processes by not allowing high-density construction, resulting in an area
with features different from the city and with an important CES offering.

3.3. Sensitivity analysis

Fig. 6 shows that there are relevant differences between each actor’s
results. Some show a similar pattern, as in the case of the professional
and the CES park manager, and the tourist interested in sports and the
tourist interested in recreation. Although there are differences between
the actors, all show a higher percentage of the area covered by high and
medium CES provision level values vs. low values. Thus, there is a
generalized positive assessment of the piedmont as a CES provider.

The model with the most surface area classified as high CES provision
(72.7 % of the piedmont area) corresponds to the tourist with an interest
in recreation. This person considered accessibility and scenic beauty as
the most important attributes (weights equal to 0.64 and 0.19 respec-
tively), two of which with a wide spatial distribution and representation.
The model with the greatest area classified with a low level of CES
provision (37.4 % of the piedmont area) corresponds to the tourist with
an interest in science, who gave greater importance to scenic beauty and
sites of cultural importance (0.49 and 0.36 respectively). This implies,
on the one hand, that a large part of the urban area is classified as low
because it is not positively qualified in terms of scenic beauty. On the
other hand, the layer corresponding to sites of cultural importance is
reduced in terms of its spatial distribution, because it gives value to
specific pixels in the study area. This explains why a large part of the
surface is classified as a medium provision of CES, and that a high level is
assigned to gullies and specific sites in the piedmont. As explained
before, the model most similar to the original model (CESI) was the one
from the professional, which showed a similar proportion and pattern of
spatial distribution in terms of the three qualitative classes.

4. Discussion and conclusions
4.1. CES provision of the piedmont

Context-specific information on urban ecosystem services is
extremely relevant in the Latin American context and in other regions of
the world where inequities and rapid urbanization place pressure on
socio-political and ecological systems and their adaptive capacities
(Dobbs et al., 2019). The fact that the effectiveness of the ES framework
in decision-making depends on the recognition of the importance of
different kinds of values, particularly with regard to CES, has been
widely recognized (Chan et al., 2012a, b; Riechers et al., 2016). How-
ever, despite an increased interest in measuring ES for land use plan-
ning, significant information gaps on CES exist specially for urban
systems (Rall et al., 2017). This study quantifies the provision of CES in
the extent of a piedmont, a type of area that has not been sufficiently
explored in the ecosystem services research despite the relevance it has
for the well-being of inhabitants of large cities. Our results highlight the
importance of the piedmont as a provider of CES and reveal areas that
are more relevant to conservation and exposes the ecosystem attributes
involved. This is the first step to subsequently developing territorial
planning instruments consistent with the current territorial dynamics
and that promote the conservation of the piedmont (De la Barrera and
Moreira, 2013).

The most relevant variables for the stakeholders when they come to
enjoy the CES of the piedmont are accessibility and scenic beauty. This
result, together with the other ecosystem variables considered in the
model, determines altitudinal variation of the CES provision. In the
west-east direction, the levels of provision increase as the height of the
piedmont increases, reaching its maximum values in the upper-middle
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part, and then decreasing its values in the eastern end of the study
area, where the maximum heights are located. This behavior is because
the accessibility values are higher on the west part (according to ur-
banization), and the values of scenic beauty are concentrated in the
middle and eastern part of the piedmont. These results can be explained
as the altitude gradient cause climatic differences affecting land cover
and land use types (Shrestha and Zinck, 2001). The provision of CES
shows higher levels in ravines and established recreational parks, which
suggests that these areas should be protected and supported,
respectively.

The results of the different models that represent each stakeholder
show large differences in terms of the spatial distribution of the CESI.
Understanding the spatial scale at which CES are provided is especially
relevant when assessing which stakeholders are benefitting from each
CES (Hazell, 2020), which may be related to the distances people are
willing to travel to experience CES. The model that combines the judg-
ments of importance of all the stakeholders integrated the diversity of
their views according to the role they play in the study area. All the
actors classified the piedmont between medium and high levels of CES
provision. In this vein, the overlap of the areas classified as high by all
the stakeholders covered 74 % of the piedmont.

4.2. Estimation of CES provision

To quantify CES provision in the piedmont we developed a method
that integrated ecological variables, political administrative elements,
and stakeholders’ perceptions. The method developed is applicable to
different territories by defining attributes with different types of vari-
ables (qualitative and/or quantitative) and selecting relevant actors for a
specific area. In addition, it offers an easy result to apply for decision-
makers through spatial visualization. The direct use of research on
ecosystem services in policy-making and spatial planning remains
challenging (Montoya-Tangarife et al., 2017). In this regard, our study
contributes to existing processes of land use planning in urban areas.
Although none of the instruments or information have explicitly incor-
porated the concept of CES nor the necessary conditions for ensuring
their long-term supply, their use contributed to find that piedmont areas
close to large cities are relevant in terms of provision of CES and their
protection is a priority to maintain them.

Further, unlike previous studies in urban areas that for the evalua-
tion of CES mostly use surveys outside the study site combined with the
visual registration of the landscape in a GIS (e.g., Hegetschweiler et al.,
2017), we conducted surveys at sites of cultural importance involving
stakeholders that directly interact with the piedmont. In addition, we
analyze attributes related to CES groups such as historical, educational
heritage and feelings of attachment, which are generally not examined
in CES research (Hegetschweiler et al., 2017). Urban planning confronts
the challenge of securing the long-term quality of life for residents. Many
studies on quality of life are based on provisioning ES with less attention
paid to the non-material benefits gained from nature (Dou et al., 2017).
These CES are often most important to urban residents (Dou et al., 2017;
Chan et al., 2012a, b) and therefore understanding perceptions of CES is
key for supporting urban planning and for the protection of spaces that
provide such services as piedmonts.

4.3. Future perspectives and decision making

It would be interesting to complement this study with a more
detailed evaluation of sites of cultural importance related to intellectual,
representational, spiritual, and symbolic interactions from the point of
view of demand. Only the state of conservation of these sites was eval-
uated, an aspect related to the offering. Another interesting line of
research would be the study of the other categories of ES and how they
relate to CES once the variables involved in each of these have been
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affected.

Trade-offs between CES and regulating ES (e.g. pollination, climate
regulation, flood control, prevention of landslide and erosion control) is
a matter of concern, because regulating ES underlie the production of
CES and are important for the resilience of social ecological systems
(Raudsepp-Hearne et al., 2010). In this regard, flood control, prevention
of landslide and erosion control have been studied in depth (Lara et al.,
2018; Briones and Pilar, 2015; Lara, 2007), showing the contribution of
the piedmont to prevent natural disasters in residential areas near the
piedmont. Trade-offs between provisioning ES and CES have also been
reported in China (e.g., Liu et al., 2019). In our study case, provisioning
ES are fresh water, medicinal flora, genetic resources and wood. It is
important to investigate the trades-off between CES and regulating and
provisioning ES since there are areas in the Andean piedmont of San-
tiago that have uncontrolled tourism. This may represent a threat to the
ES of all categories, since tourists who are unmonitored or have no
environmental education can erode the soil, destroy plant resources and
add litter to water sources, among other negative impacts. Previous
research has already alerted the relevance of the piedmont to address
sustainable tourism, environmental education and tourists’ perceptions
of piedmont landscapes (Hernandez et al., 2016; De La Fuente De Val
and Miihlhauser, 2006, 2014; Biskupovic, 2015; Rugiero and Wyndham,
2013; Romero and Vasquez, 2005; Montrasio et al., 2020).

From a management perspective, an in-depth analysis of the man-
agement and financing mechanisms of natural areas is required to
guarantee the provision of ES. Additionally, the conservation of the
piedmont should have positive effects on the conservation of biodiver-
sity, representing an alternative way to protect natural areas sur-
rounding large cities. However, in our case the current political-
administrative status of the piedmont deserves attention. The pied-
mont is under the political-administrative protection of the Ecological
Preservation Zone in the Santiago Metropolitan Regulatory Plan, where
only low-density constructions are permitted. However, there is insuf-
ficient control of this rule and the city is currently expanding towards
areas of the piedmont (Picon et al., 2017). Consequently, the city’s
expansion process constitutes a threat to the provision of the CES that
the piedmont offers, and the land use instruments are not sufficient to
protect this area.

In several large cities, urban development projects such as housing
are usually designed to yield economic benefits rather than preserving
green spaces (Aguayo et al., 2007), which threaten the provision of ES
relevant to human well-being. Piedmonts may represent one of the few
alternatives that people living in large urban areas have to connect with
nature, so their consideration as part of urban management is relevant.
The information generated in this study contributes to the understand-
ing of supply and demand of CES in piedmonts. This information can be
used as a source of reference values for similar assessments, for
strengthening the cultural identity of piedmonts, for future territorial
planning projects and for preventing environmental conflicts (Hernan-
dez and Sazo, 2015; Biskupovic, 2015; Schirpke et al., 2020).

In this sense, Chile can contribute to the discussion on how to
implement socio-ecological planning in Latin America because it has
made significant efforts to create new urban parks, form consolidated
research groups and offer the new spatial planning perspectives under
discussion in the country (Picon et al., 2017).

4.4. Conclusions

Our results show that the piedmont area close to Santiago is relevant
in terms of provision of CES and its protection is a priority to maintain
CES towards the inhabitants of this city. The conservation of piedmonts
close to cities constitutes a strategy to safeguard the cultural heritage of
the place from a touristic point of view, promoting its relevance for the
wellbeing of inhabitants.

The most relevant variables for the stakeholders when they come to
enjoy the CES of the piedmont are accessibility and scenic beauty. This
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implied that CES provision is determined by altitudinal variation, being
the upper-middle part of the piedmont the most relevant CES provider.
Particularly in ravines and established recreational parks, CES provision
is higher because they are well-conserved places and have good acces-
sibility. This result shows the importance of the coexistence of touristic
activities and conservation to maximize the sustainability of the pied-
mont, which promotes the relevance of landscape traits for the valuation
of CES.

Differences in the spatial distribution of CESI derived from models
that represent each stakeholder reveal the necessity of understanding
the spatial scale at which CES are provided, which would contribute to
better connect the ecological and cultural networks. This is particularly
relevant to identify which stakeholder benefits from each CES. For
future research, a deeper exploration of knowledge and motivations of
the different stakeholders is advisable, as these factors can affect the
valuation of CES.

Research on CES in large cities should consider the existent in-
struments for land use planning to facilitate the exchange of results that
support decision making process and the involvement of stakeholders
responsible of achieving sustainable cities. Such instruments should
promote the management of CES and consider their the relevance for
well-being in these territories.

Models that integrate participatory techniques and geographic in-
formation analyses allow to quantify and map the CES provision, which
contributes to visualize the role of piedmont areas to maintain CES in
cities.
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Appendix A

Table Al
Landscape types and ratings.

Landscape type Density Rating (1-7)
Dense 6.20
Very dense 4.67
Sclerophyllous shrublands Sparse 516
Very sparse 4.21
Dense 5.21
. Very dense 4.77
Acacia steppe Sparse 5.00
Very sparse 5.63
Dense 5.15
. Very dense 4.94
Shrublands with succulent plants Sparse 462
Very sparse 4.48
Dense 5.75
Ravine with shrublands Very dense 5.21
Sparse 5.43
Very sparse 4.73
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Table A2

Parameters and criteria evaluated for each attribute.
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Parameter Criteria Method for obtaining information
Type of Site - Focal: Site that has intrinsic characteristics of uniqueness that best characterize a 60 surveys were applied to the visitors of the parks present in the study
place and constitutes the fundamental reason why tourists will want to visit it. Ex: area, regarding the objectives and preferences of their visit
Waterfalls, Top of a hill, Forest, estuary, heritage site
- Complementary: Site with lower importance than the focal one. It is not a
fundamental reason for tourism, however, it also generates satisfaction in the tourist.
Examples: qaterfalls, top of a hill, forest, estuary, heritage site (they can be the same
elements as the focal attributes, but with lower importance).
- Support: Site with artificial elements (facilities and services) that provide the visitor
with different satisfactions. Examples: bathrooms, information centers, restaurants,
viewpoints, bridges, picnic areas and trails.
Type of CES - According to the CICES (Haines and Potschin, 2013) classification of CES, there are In situ classification (field trip)
two categories which have 2 and 9 classes, respectively
Temporary - Permanent: The site is visited every month of the year. Conversations with park rangers and official data of the Network of
visits - Seasonal: The site is visited only a few months of the Year. Parks Cordillera (Association of Municipalities Parque Cordillera,
- Only a few days: The site is visited only some days of the year. 2014)
Number of - Low (<100 visitors per year) Conversations with park rangers and official data from the Parque
visitors - Medium (Between 100 and 1000 visitors per year) Cordillera Network of Parks (Association of Municipalities Parque
- High (> 1000 visitors per year) Cordillera, 2014)
Type of - Public: There is a public institution in charge of carrying out the administration and  Conversations with park rangers and official data from the Network of
management maintenance of the site. Parks Cordillera (Association of Municipalities Parque Cordillera,
- Private: There is a private institution in charge of carrying out the administrationand ~ 2014)
maintenance of the site.
- Without management: The site is unprotected.
Type of - Formal: There is a legal body or an institution in charge of protecting the site. Conversations with park rangers and official data from the Network of
protection - Informal: There is protection even though there is no associated legal body or Parks Cordillera (Association of Municipalities Parque Cordillera,
responsible institution. 2014)
- Without protection: The site is unprotected.
Condition - Deteriorated: There is a clear deterioration of the site because of lack of maintenance  In situ classification
or protection. Example: broken infrastructure.
- Moderately deteriorated: There is evidence of a low deterioration of the site, because
of maintenance without adequate periodicity. Example: presence of trash or graffiti.
- Preserved: Properly preserved and well-maintained site.
Table A3

Scores used in the evaluation of the level of importance of the Sites of Cultural Importance, according to the criteria and variables of the model. The Final Importance
Level was established with the following ranges of the Score obtained: high [7,9]; medium [5,7] and low [3,5].

Definition Magnitude of visits State of conservation Score (3 scores for each cell) Final Importance Level
Conserved (3) 9 High
High (3) Slightly deteriorated (2) 8 High
Deteriorated (1) 7 Medium
Conserved (3) 8 Hight
Focal (3) Medium (2) Slightly deteriorated (2) 7 Medium
Deteriorated (1) 6 Medium
Conserved (3) 7 Medium
Low (1) Slightly deteriorated (2) 6 Medium
Deteriorated (1) 5 Medium
Conserved (3) 8 Hight
High (3) Slightly deteriorated (2) 7 Medium
Deteriorated (1) 6 Medium
Conserved (3) 7 Medium
Complementary (2) Medium (2) Slightly deteriorated (2) 6 Medium
Deteriorated (1) 5 Medium
Conserved (3) 6 Medium
Low (1) Slightly deteriorated (2) 5 Medium
Deteriorated (1) 4 Low
Conserved (3) 7 Medium
High (3) Slightly deteriorated (2) 6 Medium
Deteriorated (1) 5 Medium
Conserved (3) 6 Medium
Support (1) Medium (2) Slightly deteriorated (2) 5 Medium
Deteriorated (1) 4 Low
Conserved (3) 5 Medium
Low (1) Slightly deteriorated (2) 4 Low
Deteriorated (1) 3 Low
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