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Abstract: National Parks are spaces that are of great interest for evaluating and monitoring global
environmental change as these parks encompass natural, cultural, and rural features, along with
ecological processes, which are subject to social or economic changes that are much more difficult
to track outside of these spaces. To do this, it is necessary to have a sufficient set of data and
indicators to monitor the effects of global change in the short, mid, and long term. The majority
of indicators have been developed to monitor the bio-geophysical environment; socio-economic
indicators of global change for National Parks are much more limited. The aim of this paper is to
present a system of indicators for socio-economic evaluation and monitoring of global change for the
Picos de Europa National Park. This park has two unique features: it has one of the two systems of
socio-economic indicators developed for the Spanish National Parks, and it is practically the only
one of Spain’s 16 National Parks with human populations living within its boundaries. Many of the
indicators specifically developed for this park can be used for other national parks that have similar
characteristics.

Keywords: protected areas; climate change; socioeconomic indicators; Spain

1. Introduction

Global change, and particularly climate change, is one of the gravest problems facing
humanity [1,2]. Monitoring this threat in the short, mid, and long term is a crucial task in
order to obtain greater knowledge and understanding, and thereby help societies to better
mitigate and adapt to its effects. Preparing for and adapting to climate change is as much
a cultural and intellectual challenge as it is an ecological one [3].

Within this context, National Parks (NPs) are relevant places for monitoring global
change [4] due to the need to protect their natural resources. Additionally, these protected
areas encompass natural, cultural, and rural elements, and ecological processes subject
to social or economic changes, which are much more difficult to track outside of their
boundaries. They are likewise important spaces to monitor because these changes are
global in nature, and as such, these protected areas are not only of intrinsic interest, but
they are also valuable for comparative purposes. Although global change in the NPs
has been monitored, it has been mainly for the biophysical setting [5]. Monitoring the
socio-economic environment in NPs has been much more limited, and socio-economic
indicators designed for their monitoring are even more lacking [6].

The importance of socio-economic monitoring derives from the fact that national park
features and changes need to be analyzed and interpreted as a socio-ecological system, since
human systems and ecosystems are inextricably linked [7]. Within the context of climate
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change, this task is even more relevant, since its speed, together with the uncertainty it
entails, increases the potential for more intense and frequent stresses, shocks, and resultant
protracted crises [1].

In Spain, a system of indicators with these characteristics has only been developed for
two of its 16 National Parks: the Sierra de Guadarrama National Park [8] and the Picos de
Europa National Park [9]. The latter is the object of analysis in this paper, contributing to
knowledge that is currently inexistent in the case of the National Parks of Spain, as well
as other parks with similar biophysical and socio-economic features, which, in any event,
would require adaptation [6]

2. Literature Review

A corpus of knowledge on social and economic indicators to measure development
and social well-being in protected areas already exists [10,11]; although, the task of defining
the concepts of development and social well-being, and determining which quantitative
and qualitative variables to monitor, is not always straightforward [11]. In the global review
by these authors regarding the use of indicators to assess the management of protected
areas, they found that although social analysis in conservation is [11] (p. 1) “increasingly
recognized as important for successful environmental outcomes . . . there was limited
diversity and representation of important well-being dimensions”.

For this study, this issue becomes even more complex. Its aim is to develop useful
social and economic indicators, not only regarding social well-being, but also in connection
with features of the National Parks’ biophysical environment and the main goal of their
conservation. In addition, there is the threat of climate change, a grave problem, with all
the uncertainty it entails [1]. At the same time, research from a social science perspective
on the matter is still limited [12], with even less consideration of global change in the NPs’
socioeconomic indicators [13,14].

Two Challenges: Climate Change and Conservation of the National Parks

Global change, and especially climate change, has already been included in research,
political, economic, and social agendas. It is thus of essence to increase the corpus of theo-
retical and empirical knowledge on global change and its consequences for our societies [1],
still quite limited [1,2], as well as strengthen the political, legal, technological, economic,
and sociological instruments for mitigation and adaptation by societies.

It should also be kept in mind that the interaction within the biophysical system itself,
and between this system and social systems, amplifying or attenuating the effects, is a key
feature of global change, making its evolution difficult to predict [2,15].

Additionally, one must take into account the socio-economic characteristics and the
evolution of populations living in the high mountain natural areas under extreme me-
teorological conditions, especially exposed to climate change [16], as is the case of the
national park under study. Throughout history, these populations have not only been able
to develop an economy and way of life in adverse locations, but they have also contributed
to its conservation and even improved upon some aspects [17]. The ecological importance
of the high mountain pastures, for example, would not be sustained without the traditional
livestock raising and vice versa [18]. Natural and human systems are closely interconnected;
it is an interrelationship that goes beyond a static, deterministic environmental vision.

Nevertheless, at present, many of these traditional mountain economies are un-
dergoing processes of economic and demographic decline. Their survival depends on
a transformation towards higher added-value production (for example, traditional foods
with national park denomination of origin) and an economy linked to the controlled tourist
attraction of a national park [19].

Future evaluation, after monitoring, must be based on [7,20] holistic approaches
that take into account the principal forces of change identified through monitoring, the
dynamics of growth and decline, as well as the recognition of uncertainty.
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This research lies along all these lines. Accordingly, any progress in this direction will
be tentative and preliminary, more like a hypothesis for a system of indicators that will
require empirical verification over time.

Hence, after the literature review, this paper first presents the challenge of conserving
NPs in the face of global change; it then describes the research objectives and methodology
used; the proposed indicators follow; and finally, the discussion and conclusions are
presented.

3. Characteristics of National Parks and the Picos de Europa National Park

To study the consequences of global change in Spain’s National Parks, the Global
Change Monitoring Program in the National Parks Network was established. This moni-
toring program includes sociological monitoring as one of its three lines, as stated in the
following [21] (p. 1).

“The NP network is at the service of society. Expressly included among the Network
objectives is the contribution to society’s environmental awareness and the implementation
of models for sustainable development within the parks’ environment. Sociological
monitoring of the NP Network seeks to acquire further knowledge about the social role of
the Network, assessing its projection, its presence and its repercussion on society, beyond
the physical limits of the protected areas. This materializes in monitoring the interaction
between the Network and society at different levels: visitors to the NP, the population in
the NP socioeconomic area of influence, educators, the scientific community, etc.”.

The National Parks Network of Spain [22] (p. 1) states that “a Park is a natural area with great
ecological and cultural value, little changed by human activity, where, on account of its exceptional
natural assets, its representative nature, the singularity of its flora, fauna, and its geomorphological
formations, its conservation warrants the utmost attention, and it is declared to be in the general
interest of the Nation as it is representative of Spain’s natural patrimony. For a territory to be
declared a National Park, it must be representative of its natural system, have a sufficiently large area
to enable natural evolution and ecological processes, with natural conditions clearly predominating,
display limited human intervention in its natural resources, territorial continuity, and, as a rule,
not have inhabited areas within its limits (with exceptions), and be surrounded by an area that could
be deemed a peripheral protection zone”.

The basic objective of a National Park is thus to ensure the conservation of its natural
resources. It represents the highest degree of legal protection for a large tract of territory
to guarantee its conservation. National Parks are singular and unique areas, and, clearly,
they are few and far between. They are places where “nonintervention” is prioritized and
their principle is to enable the free evolution of natural processes. The second objective of
the National Park Network is to reconcile conservation with public use and enjoyment of
the parks’ natural assets. Third, the NPs are at the service of research and at furthering
scientific knowledge.

Beyond that, the NPs can be a resource for economic development in the regions
where they are located, as long as it is sustainable development. In short, the challenge is
to make conservation compatible with social justice and economic development for those
communities affected by these parks’ restrictive legislation.

The Physical and Social Setting of the Picos de Europa National Park

The Picos de Europa National Park [23] is located in the north of the Iberian Peninsula,
between Asturias, Cantabria, and Castile-Leon (the province of Leon). It extends over three
mountains and the north-facing flank of the Cantabria Cordillera Range (where the park’s
densest forests are located).

These peaks, formed by limestone rock that surged up from the seabed due to orogenic
activity, make up a terrain of high summits alternating with deep gorges and canyons.
Hence, in the park, there are 200 elevations of over 2000 m, with differences in relief of
more than 2300 m. The limestone has produced interesting karstic processes with slopes of
over 1000 m, intense glacier erosion processes, and glacier lakes.
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The park has a surface area of 67,455 hectares, making it the second most extensive
one in Spain after Sierra Nevada National Park. Its location coordinates are Latitude
43◦18′58′′ N, 5◦07′15′′ O; and Longitude 43◦04′28′′ N, 4◦37′03′′ O. The National Park was
created by Law 16/1995, which was later expanded in 2015. However, as it is heir to the
first NP created in Spain, a part of the current park was already officially protected as of
1918 (Montaña de Covadonga National Park), one of Europe’s first as well.

The park has received international recognition for its state of conservation and
planning, and for the comprehensive management of its natural resources. Part of its
territory is a Biosphere Reserve, Special Area of Conservation (SAC), and Special Protection
Area (SPA) for Birds.

The mesotrophic limestone soil and the variability in altitude (almost 2500 m in an area
of relatively small size (674.55 km2), as well as the influence from the nearby sea, converge
in a wide variety of ecosystems, with an ample diversity of flora: around 1900 species
and subspecies, with some taxa specific to the park. The fauna associated with these
ecosystems includes such emblematic species as the Cantabrian chamois, the wolf, the
woodland grouse, and the brown bear, among others, some in danger of extinction. The
unique geomorphological formations have shaped a landscape of great variety and esthetic
value. The park encompasses deep canyons carved out by rivers, striking grooves, and
gullies that drop down 1500 m or more, beech and oak forests, and the extraordinary mixed
Cantabrian forest (in some areas residual Tertiary laurel forest), with meadows that are
the result of centuries of human presence and livestock raising. Presiding over it all are
the distinctive white limestone cliffs, in a permanent process of change due to the erosive
action of water, ice, and wind, creating such unusual formations as the lapiaces (limestone
grooves and hollows). Obviously, this variability of ecosystems and the fragility of many of
them condition their detailed management and constrain the adoption of any decision that
could affect their conservation.

Another unique feature of the park is that it is practically the only Spanish National
Park with human populations living within its boundaries. Picos de Europa was occupied
very early on in history, with a permanent human presence dating back to at least the Ne-
olithic Period. Currently, the number of people dwelling within the park is approximately
981 (2021), distributed among 11 municipalities.

Its inhabitants have continued to make use of its territory up to the present day,
shaping its landscapes to a considerable extent, at least in the less mountainous areas of the
park, mainly through raising livestock and small-scale farming, along with wood gathering
in the forest cover. In a large part of its extension, Picos de Europe is a humanized park.

In addition, the park’s socioeconomic area of influence is inhabited by 14,164 peo-
ple (2020) and includes an extension of 133,682.56 hectares pertaining to the 11 munici-
palities distributed among the three Autonomous Communities of Asturias, Cantabria,
and Castile-Leon.

There has been an intense interrelation throughout history between the territory and
its human populations, whose manifestations are so evident that a symbiosis seems to
have existed between the two elements [23]. Indeed, this remarkable landscape is as much
a result of the natural terrain and the morphological composition as it is the human activity
that has taken place over centuries in its valleys and around the higher altitude majadas
(temporary settlements used during the grazing season in the mountains).

All of this makes it one of the most visited NPs in Spain, with nearly two million
visitors a year (1,620,739 visitors in 2021 despite COVID-19 restrictions on mobility), which
at the same time presents a challenge for its management.

4. System for Evaluation and Monitoring the Socio-Economic Impact of Global
Change in the Picos de Europa National Park

These biophysical and social characteristics of the park make assessing and monitoring
the impact of global change an even more urgent task.
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As mentioned, in Spain there is a Global Change Monitoring Program in the NP Net-
work [24], dependent on the Ministry of Ecological Transition and Demographic Challenge.
The scope of its monitoring is broad; although, it exclusively targets the biophysical envi-
ronment, concretely in the placement of automatic weather stations (the Picos de Europa
National Park has eight installations) along with specific studies on certain species and
areas [24]. Analysis aimed at socio-economic monitoring of global change is non-existent,
beyond its annual report (number of visitors, livestock using pastures, etc.) and, as noted
earlier, the system of indicators for Sierra de Guadarrama and Picos de Europa National
Parks [9].

In this context, the objective of this research is to design and operationalize a system
for evaluating and monitoring the socio-economic impact of global change for the Picos
de Europa National Park. It seeks to respond to the need for a sufficient set of data to
monitor the effects of global change in the short, mid, and long term in the social and
economic settings of the park. The research focus is on the Picos de Europa National Park
due to its distinctive feature of being an inhabited national park, constituting, hence, the
most complex case, while at the same time, looking to draw recommendations that can be
applied to other national parks.

This general objective has been specified into the following goals:

- Creating and fine-tuning an updated database for all the indicators of social and
economic change that are able to be monitored.

- Defining a system of indicators for monitoring (and eventually evaluating) global
change in the social and economic setting of the Picos de Europa National Park,
specifying what can be extrapolated to other national parks with similar features.

5. Theoretical Framework for the Indicators and Justification

The indicators were selected to obtain a balance between the general use of protected
natural areas and those developed for the particular case of the Picos de Europa National
Park. Utilizing indicators of general use is always helpful, since they allow for comparison
between different protected areas. In addition, by incorporating broader monitoring, it is
possible to obtain a longer time series.

There are diverse systems of indicators that use different frames of reference. One of
them, the most simple, consists of structuring indicators by topic and subtopic so that the
results appear grouped together and ordered. Another more structured framework is the
‘Pressure-State-Response’ (PSR) model, which was originally developed and recommended
by the OECD [25]. In this model, indicators are first identified for ‘Pressure’, which
corresponds to the causes for the phenomena under study (global change in this case). The
second is the ‘State’ of the environment receiving the impacts from the pressure, and the
third is the ‘Response’ of society to the problems presented. Through this framework of
reference, cause–effect relationships are explicit in the monitoring system.

There are other models, such as the one later extended by the OECD—the DPSIR,
Driving force-Pressure-State-Impact-Response framework. As Mosaffaie et al. [26] (p. 1)
point out, “the DPSIR model depicts ‘why it happened’ through P and D terms. After
knowing why it happened, we can and should further analyze ‘how to deal with it’. There
are many ways to achieve this goal, either directly through S or I, or acting on P or D”.

For national parks, where there is a lack of disaggregated socio-economic data for
the specific park area, the simpler model—PSR—could be more useful as a framework
of reference, to provide coherence from a systematic perspective, while at the same time
being a more viable model. This is an approach based on the objective of an evaluation
and monitoring system, formed as such by a series of interrelated elements from different
processes. The indicators should be variables (or indexes) that provide information about
the trends of change in these elements and processes and that explain the global functioning
of the system and its deviation from or its approximation to greater sustainability. Pressure
indicators (global change) are beyond the scope of this study, as a planetary process is



Land 2022, 11, 741 6 of 17

scarcely affected by the activities taking place in the park, and the focus of our system of
indicators is on impact and adaptation.

The first block of indicators is the frame of reference on the STATE of the situation in
the PSR model; hence, it is called the ‘Receptor environment’ (RE) in this study. The variation
in its indicators, as a result of the pressure due to global environmental change and that
of the mitigation and adaptation measures, is what will reflect the social and economic
impacts of global change. The impact can be evaluated once the monitoring system is
developed, along with its evolution over time. Specifically, the following categories in the
levels of differentiation for group and subgroup (in parenthesis) are included in the system
of socio-economic indicators:

- Natural resources (land use: water consumption; water treated by the purifica-
tion system; energy consumption; agricultural resources, environmental resources;
waste treatment).

- Demographic base (population and characteristics; activity, occupation; unemployment).
- Economic base (production of goods and services; employment in productive activities;

tourism activity; income and transfer; public investments).
- Social, political, and cultural base (health; political and social organization; social

cohesion; well-being; poverty; security; culture).

The second frame of reference corresponds to RESPONSE in the scheme, called ‘Miti-
gation and Adaptation’ (M&A), which includes two levels of group differentiation and others
for the subgroup (in parenthesis):

- Governance (official; unofficial; national park management; legislation).
- Social and research instruments (information and communication; perception; educa-

tion; training and participation; socio-economic research).

This is the framework of reference that defines the selection of indicators for this project.

6. Materials and Methods

The area of study entails the eleven municipalities where the Picos de Europa National
Park is located along with its socio-economic area of influence, as it is defined legally [27]
(Figure 1).

The methodology used has been quantitative and qualitative in a combined way [28].
The materials and methods utilized are the following:

(1) Bibliographic search and analysis, including academic databases and public admin-
istration reports. Given the nature of the Spanish National Parks, in addition to
scientific literature, it is necessary to examine studies and documentation from public
administrations and responsible agencies [29], as well as from other similar experi-
ences in other national parks. Although each park has its own distinctive features,
all of them have their objective of conservation and their complex management in
common. Thus, there are many elements that are highly useful for comparison and
learning purposes.

(2) Collecting and analyzing national, regional, and local legislation, and programs
and plans affecting the park as well as specific park legislation and planning. The
foregoing must be taken into account as they represent the context that will determine
the characteristics for this system of indicators.

(3) Collecting and analyzing the statistical information necessary to create a database
for monitoring purposes for the short, mid, and long term, distinguishing between
official sources and other reliable sources from grey literature [29]. This combination
of information will not only allow data to be compared and contrasted, but most
importantly, lead to critical analysis.

(4) Holding a workshop with academic experts and specialists in national park manage-
ment, aimed at discussion and consensus regarding the focus for a system of indicators
of this nature, inexistent in the other Spanish National Parks. Specifically, a workshop
was held with eight participants chosen from different fields of study, including Soci-
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ology and Economics, and from National Park management. This interdisciplinary
academic and management focus has enriched the proposed approaches by combining
scientific knowledge with the empirical knowledge of day-to-day management [30].

(5) Designing and developing indicators for state, impact, and response. The indicators
contain current information (chiefly, although not limited to, statistical data) but also
reveal the deficits and shortcomings to resolve in future monitoring. This design was
corroborated by park managers for several reasons: much of the required information
came necessarily from the managing institution; their empirical experience added a
greater degree of practicality to the indicators selected.

(6) Identifying the interrelations between indicators. This is key in creating a system of
indicators, and not simply drawing up a lengthy list [31]. This is one of the most
complex tasks, since global change is a multidimensional issue with impacts that are
likewise multidimensional. Our research presents some of these interrelations, as a
hypothesis that will need to be revised over time for adaptive monitoring [32].
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Figure 1. Location of the Picos de Europa National Park. Source: PNPE.

Methodological Conceptualization

To achieve these objectives, the starting point must be a conceptualization that allows
us to orient the scope and content of the indicators to select.

Hutto and Belote [33] (p. 1) point out that the type of monitoring to be performed will
differ according to the questions previously posed. They establish four types of monitoring—
surveillance, implementation, effectiveness, and ecological effects “that are designed to
answer very different questions and achieve very different goals. Surveillance monitoring
is designed to uncover changes in target variables over space and time; implementation
monitoring is designed to record whether management actions were applied as prescribed;
effectiveness monitoring is designed to evaluate whether a given management action was
effective in meeting a stated management objective; and ecological effects monitoring is
designed to uncover unintended ecological consequences of management actions”.

The research presented here represents the first type, surveillance; although, in some
ways, it takes into account the second type, implementation, since it includes indicators
not only on the state, but also on impacts, mitigation, and adaptation. However, for this
same type, the differentiation made by Hellawell [34] is pertinent, as this author noted that
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monitoring could only be referred to when trying to determine the degree of deviation of
the indicator values from the reference values established beforehand. When the indicator
value is not compared with the reference value, the indicator acts as a type of surveillance.

Therefore, monitoring should not be referred to when doing only a diagnostic evalua-
tion, that is to say, evaluating the state of a system or some of its components at a moment
in time. However, if repetition of this diagnostic assessment were set up, as is the case
of this system of indicators, it would be close to the concept of monitoring, establishing
reference thresholds to compare the evolution of the system with the initial state.

Designing a system of evaluation and monitoring, as is the goal of this study, is to
operationalize an observation process repeated in space and time of the variables to be
studied, which requires establishing methods to obtain comparable data.

It is necessary to define the objectives of the evaluation and monitoring system before
identifying the set of indicators for the system and make it possible to detect changes in
their processes, establishing continuation of protocols to measure these indicators.

As the theoretical basis and method for defining indicators can be common to the
socio-economic system and to the bio-geophysical ecosystems and landscapes (which are
the result of the interrelation between the bio-geophysical and the social environment),
when identifying the objectives of the evaluation and monitoring process it is possible to
generically refer to the systems under study, with the understanding that they can be either
natural or social.

For the case of evaluating and monitoring the socio-economic impact of global change
on the Picos de Europa National Park, the specific objectives for the indicators have been
defined as follows:

- To record the dynamics of the systems under study, analyzing the trends of change,
whether due to natural or social (anthropic) causes.

- To improve knowledge about the systems studied, through the collection or generation
of new information related to the social and economic impact of global change on
the park.

- To predict specific and/or global changes in the systems studied, especially alterations
or damage from unforeseen events.

- To identify effects on the dynamics of social systems resulting from management
practices, and to detect undesired effects.

Indicators are the instruments that support any evaluation or monitoring system.
Although there are many definitions for the concept of indicators for natural protected
areas, for this study, they are understood as a variable or the relationship between variables
(indexes) whose measurement can reveal certain references about the evolution of the
system in which they are immersed. The variables and indexes that have this indicator
characteristic are those that are sensitive to changes and trends of a natural or human origin.

The indicators must be significant and meaningful, in this case, from the point of view
of sustainability [35]. Social and economic variables lacking meaning or significance linked
to sustainable development will be less useful as indicators in this system. As such, the
evaluation and monitoring system should never be understood as a mere list of indicators,
but rather always in its connection with the goal of sustainable development, as posed by
Agenda 2030 [36], to which Spain has subscribed.

Clearly, the highly complex interlinked natural and social systems in protected natural
areas make it virtually unfeasible to measure all possible indicators. A limited selection is
thereby needed in order to maximize information and minimize cost.

A first filter to reduce the initial list could be verifying if the preselected indicators
satisfy certain basic requisites. These could include, in addition to their rigor and reliability,
that they are sufficiently sensitive so as to provide early warning about change; be able to
be distributed over a large geographical area or be easy to apply; be capable of providing
continuous estimates under a wide range of stress; be relatively independent of the sample
size; be easy to measure or interpret; be easy to differentiate between natural cycles
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and changes brought about by anthropogenic influence; and be relevant to important
socioeconomic and ecological phenomena (global and climate change in this case).

Finally, the indicators were selected to obtain a balance between the general use of
protected natural areas and those developed for the particular case of the Picos de Europa
National Park. Utilizing indicators of general use is always helpful, since they allow
for comparison between different protected areas. In addition, by incorporating broader
monitoring, it is possible to obtain a longer time series.

For gathering data for the set of indicators, only published statistical sources have been
used. These include the Municipal Register of Inhabitants; the Population and Housing
Census; the Economic and Social Data Report from the Territorial Units of Spain (Caja
España-Caja Duero); the Institute of Statistics from the Autonomous Communities; the
Public Employment Service; the Ministry of the Interior; Ecoembes and Ecovidrio; the
Ministry of the Economy and Competitiveness; annual reports from the Picos de Europa
National Park (visitor statistics, natural resources databases, investments, management
actions, etc.); and the National Institute of Statistics.

For a detailed description of each municipality in the Picos de Europa National Park,
a data sheet has been drawn up for every one of them with their main socio-economic
characteristics (Table 1). Thus, each municipality has its own data sheet according to the
following areas and sections.

Table 1. Data sheet municipalities.

Area Sections

01. Territorial data

- Total population
- Population density
- Area included in the park
- Distance to the capital of the province

02. Population and demography
- Population evolution
- Structure and movement
- Immigrants

03. Productive structure

- Economy and productive sectors
- Services and tourist activity
- Employment and unemployment
- Housing

04. Living conditions
- Facilities
- Motorization
- Associations present

05. Environment - Waste

06. Municipal income and budget - Municipal budget

07. Participation in elections - Voter participation

Source: own elaboration.

Territorial data include figures on the total population of the municipality, population
density, surface area forming part of the park, and distance from the municipality to the
capital of the province of the Autonomous Community.

The section on population and demography synthesizes the evolution of the popula-
tion (gender and year-on-year growth rate), the structure and movement of the population
(population pyramid, demographic dependency ratio, rate of aging, trends, and replace-
ment rate), as well as the immigrant population (by gender and evolution).
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Information on the productive structure of the municipalities in the park includes the
economic and productive sector (number of workers and companies by activity sector or
land use), services and tourism activities (commercial establishments, tourist capacity, and
basic facilities), employment and unemployment (evolution of the unemployment rate),
and housing (type of housing and type of ownership for principal dwellings).

Living conditions in the park municipalities include data on educational facilities (non-
university educational centers), healthcare facilities (primary healthcare centers, clinics,
and pharmacies), motorization (registered vehicles), and associations, sports entities, and
other collectives located within the administrative limits.

The section on environmental information refers here to selective waste collection
(plastics and containers, paper and cardboard, and glass).

The data sheet also includes data on municipal budgets (municipal financial expendi-
tures and real expenses)—there are no published data on income—and voter participation
(abstention in local elections).

In short, these data sheets provide a general overview of the socio-economic situation
and evolution for each municipality located within the Picos de Europa National Park.

7. Results

A data sheet (Annex Table 2) has been elaborated with information for each of the
indicators. The indicators developed (Table 3) vary in detail for diverse reasons, among
which is the lack of disaggregated statistical information for the park area; this has been
the case, for example, for the indicators on the estimation of income generated by private
individuals and by companies.

Table 2. Example of Indicator data sheet of each indicator.

System of Indicators for Socio-Economic Evaluation and Monitoring of Global Change for the Picos de Europa National Park
Indicator Data Sheet

Indicator Name Agriculture and Livestock Area Index

Frame of Reference Receptor environment
Reference number

MR-02
Group of indicators Natural resources

Subgroup Land use

CHARACTERISTICS OF SELECTED INDICATOR

Objective, definition, and justification of the indicator

The agricultural and livestock exploitations within the territory, which include
the strata of agricultural crops, scrub, pasture, and grassland. It seeks to reflect
land use by those that do not entail an irreversible transformation of the
National Park.

Measurement parameters Percentage of agricultural and livestock area with respect to the total park area.

Calculation formula Agricultural area multiplied by 100, divided by the total area.

Unit of measurement Percentage rate, result of dividing hectares by hectares.

Data disaggregation By park municipalities.

Source of information National Forest Inventory.

Scope The territory included within the delimitation of the National Park.

Data availability Upon request from the National Park Management Office.

Measurement periodicity Corresponding to the update from the National Forest Inventory.

Responsibility for the accuracy of data Ministry of Ecological Transition and Demographic Challenge (current name)

Indicators to which it is related RE-01, RE-02, RE-04. (Table 3)

Reference values Other National Parks.
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Table 2. Cont.

System of Indicators for Socio-Economic Evaluation and Monitoring of Global Change for the Picos de Europa National Park
Indicator Data Sheet

INDICATOR VALUES FOR THE DIFFERENT AREAS AND PERIODS

Year Municipalities of the
NP in Asturias

Municipalities of the NP in Cantabria
& Castile-Leon Total municipalities of the NP

(*) Comments

(*) Values above 100 imply the predominance of agricultural use of the territory, which is almost exclusively
livestock raising since there are few agricultural uses. Source: own elaboration.

Table 3. Indicators for the Socio-Economic Monitoring and Evaluation System of Climate Change for
the Picos de Europa National Park.

Receptor Environment Indicators (RE)

N◦ Indicator Name Related Indicators (A Hypothesis That Must be
Empirically Tested in the Future)

RE-01 Wooded forest index RE-02, RE-03, RE-04

RE-02 Agricultural and livestock area index RE-01, RE-03, RE-04

RE-03 Agriculture and livestock forest index RE-01, RE-02-RE-04

RE-04 Scrubland index RE-01, RE-02-RE-03

RE-05 Livestock use RE-06

RE-06 Cattle, goats, and sheep RE-05

RE-07 Water consumption from the supply network RE-08

RE-08 Water treated by purification systems RE-07

RE-09 Energy consumption RE-10

RE-10 Energy production RE-09

RE-11 Electrical energy balance RE-09, RE-10

RE-12 Gasoline consumption R-13

RE-13 Diesel consumption RE-12

RE-14 Urban waste RE-15, RE-16, RE-17, RE-18

RE-15 Waste paper collected to recycle RE-14, RE-16, RE-17, RE-18

RE-16 Cans and plastic collected to recycle RE-14, RE-15, RE-17, RE-18

RE-17 Glass collected to recycle RE-14, RE-15, RE-16, RE-18

RE-18 Waste selection containers RE-14, RE-15, RE-16, RE-17

RE-19 Demographic population pyramid RE-20, RE-21, RE-22

RE-20 Demographic dependency rate RE-19, RE-21

RE-21 Aging rate RE-19, RE-20

RE-22 Immigration rate RE-19, RE-20, RE-21, RE-23, RE-24, RE-25, RE-26

RE-23 Active population rate RE-24, RE-19

RE-24 Occupied population rate RE-23, RE-25

RE-25 Registered unemployment RE-19, RE-23

RE-26 Agrarian workers rate RE-19, RE-27
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Table 3. Cont.

Receptor Environment Indicators (RE)

N◦ Indicator Name Related Indicators (A Hypothesis That Must be
Empirically Tested in the Future)

RE-27 Service economy rate RE-26

RE-28 Tourist accommodation capacity RE-29, RE-32

RE-29 Park visits RE-28

RE-30 Visitor to resident ratio RE-19, RE-29

RE-31 Seasonality of park visits RE-28, RE-29

RE-32 Secondary uses of housing for tourism RE-28, RE-29, RE-30

RE-33 Public investment per capita RE-25, RE-26

RE-34 Municipal investment per capita RE-35, RE-29

RE-35 Municipal indebtedness per capita RE-34, RE-29

RE-36 University graduate rate RE-19

RE-37 Health infrastructure ratio RE-19, RE-29, RE-33, RE-34

RE-38 Home equipment (heating) RE-21, RE-39

RE-39 Elderly population living alone RE-19, RE-21

Mitigation and Adaptation (M&A)

M&A-01 Meetings held by the governing and social
participatory bodies M&A-02

M&A-02 Social participation agreements M&A-01

M&A-03 Legislation To all the M&A indicators

M&A-04 Legislation compliance M&A-03, M&A-05

M&A-05 Current agreements with institutions M&A-03, M&A-04

M&A-06 Administrative sanctions M&A-07

M&A-07 Administrative authorizations M&A-06

M&A-08 Non-regulated governance activities M&A-01, M&A-05

M&A-09 Cleared area for fire protection and improvement of
grazing use M&A-10

M&A-10 Area for controlled burning to prevent fires and
improve grazing Use M&A-09

M&A-11 Wolf damage to livestock M&A-12, M&A-03, M&A-04, M&A-07

M&A-12 Wild boar damage to the productive capacity
of grasslands M&A-03, M&A-07

M&A-13 Participants in the environmental
education program M&A-14, M&A-28, M&A-29, M&A-32

M&A-14 Participants in the park’s volunteer program M&A-13, M&A-28, M&A-32

M&A-15 Waste removed from the park M&A-18

M&A-16 Incidence of forest fires M&A -17

M&A-17 Investment in prevention and extinction of
forest fires M&A-16, M&A-18

M&A-18 Public investments in the park M&A-16, M&A-17, M&A-19

M&A-19 Subsidies in the municipalities of the park M&A-05, M&A-18

M&A-20 Compensation for cessation of activity compatible
with the park M&A-19
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Table 3. Cont.

Receptor Environment Indicators (RE)

N◦ Indicator Name Related Indicators (A Hypothesis That Must be
Empirically Tested in the Future)

Mitigation and Adaptation (M&A)

M&A-21 People served at visitor centers M&A-22, M&A-23

M&A-22 People served at the information points M&A-21

M&A-23 School group visits to the park M&A-24, M&A-25

M&A-24 Non-school group visits to the park M&A23, M&A-25

M&A-25 Visitors on guided tours of the park M&A-24, M&A-23

M&A-26 Informative brochures published by the park M&A-27

M&A-27 Specific publications related to Global Change edited
by the park M&A-26

M&A-28 Social Perception of Global Change M&A-13, M&A-14, M&A-29, M&A-32

M&A-29 Training actions on global change M&A-13, M&A-14, M&A-28, M&A-32

M&A-30 Research on the impact of Global Change on the
physical environment of the park M&A-31

M&A-31 Research on the impact of Global Change on the
socioeconomic of the park M&A-30

Source: own elaboration.

8. Discussion

This pilot model for the System of Indicators for the Socio-Economic Evaluation and
Monitoring of Global Change for the Picos de Europa National Park has been designed to
take into account its utility not only for the park itself, but for other national parks as well.
Thus, among its contributions is minimizing the lack of homogenization in indicators for
monitoring global change and climate change in Spain [24] and in other protected areas
throughout the world [37].

Despite the foregoing, it should be taken into account that this System of Indicators
is designed based on the specific reality of the Picos de Europa National Park, and on its
evolution and unique features. Accordingly, it is always necessary to adapt it to each park’s
bio-geophysical and socio-economic characteristics.

Therefore, park management and the development of indicators in the context of
global and climate change must incorporate human beings as part of the protected space
and accordingly safeguard them as well [20]. This human factor has a two-fold facet for its
potential impact on the natural setting and for playing a key role in the park protection
and conservation [23]. This is in line with the results of the analysis [38] of indicators from
180 countries, which revealed limited diversity and representation of important well-being
dimensions such as health and governance.

Nevertheless, including social factors in the management of protected areas, such as
national parks, [39] can lead to doubts about the weight given to protection with respect
to the economic development of the zone. Accordingly, Hummel [39] (p. 1) calls for
“a balanced and inclusive combination of the societal-focussed approach and the traditional
view of conservation, protecting nature, and biodiversity, in order to become adopted in
current management strategies.” However, difficulties abound in the social factors that are
to be taken into account, and how they are considered, as is the case for commitment to
equitably management of protected areas assumed by 194 countries worldwide in the Aichi
Target 11, Convention, whose results are not comparable across sites [38]. This is because
among other reasons, no adequate standardized metrics to assess equitably management
exists [40].
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At the same time, as it is a protected area managed by three public regional adminis-
trations with different political criteria, Picos de Europa co-management, government, and
governance all require special attention, due to the obstacles and difficulties entailed [41],
while taking advantage of opportunities presented for understanding and cooperation.
The co-management of protected areas in virtually all parts of the world, whether the
responsibility of various public administrations or through the intervention of other social
actors, is an issue of political and scientific relevance still requiring further theoretical and
empirical knowledge so that it can be improved [42].

Hence, there are indicators that are especially relevant. This is the case for public
participation, which includes information, communication, training, and tracking the social
perception of global and climate change in national parks; that is, the social instruments of
environmental management, which are still limited in their application to the management
of protected areas [43].

Indicators on tourism are also especially important, given that there are almost two
million visitors a year in the Picos de Europa National Park. There is a risk of negative
impact on this protected area if this tourism is not sufficiently limited and controlled [44].
Nevertheless, tourism has the potential to be used for increasing social awareness about
the importance of sustainable development for the national parks and all types of protected
natural areas, and advantage can even be taken from income generated by tourism by
reinvesting it in park sustainability policies [44,45]. Both indicators have been included in
this system of indicators; although, they require strict monitoring.

At the same time, this system can be a reference for the design of other models in other
protected areas, considering the aforementioned lack of both empirical and theoretical
knowledge on socio-economic indicators of global change. This would mean including
some social indicators in the system that are rarely examined for national parks, such as the
social and political base, governance, political and social organization, well-being, poverty,
culture, and people’s social perception [10].

Adaptation of this System of Indicators as such would require previous research into
each park, and thus, an ad hoc study. In any case, further work is needed on this model,
especially for its empirical testing, in order to improve it for future editions.

However, above all, as pointed out by Peterson et al. [46] (p. 1) in their review of
the knowledge on climate change adaptation in national forests, “adaptation to climate
change will be successful only if it can be fully implemented in established planning
processes and other operational aspects of national forest management”. A critical gap still
remains between the synthesis of scientific information on climate change vulnerability
and adaptation and the actual integration of these ideas into management plans and
practices [47]. This is a task that has not yet been carried out in either of the two national
parks in Spain for which the system of indicators monitoring climate change has been
developed. Nor has it been undertaken in the majority of national parks worldwide [3].
This represents a significant limitation in determining the effectiveness of a system of
indicators and the feedback required.

9. Conclusions

The first relevant conclusion is that, as the literature review revealed, there is still
very limited research into the socioeconomic impact of global change on national parks.
However, taking into account the grave nature of this issue, its assessment and monitoring,
in this case of the socioeconomic environment, is a key activity in the fight against global
change and in particular climate change.

Despite the advancement in knowledge regarding this problem, designing a system
of indicators as proposed here presents numerous difficulties. These include the still
insufficient disaggregated quantitative and qualitative information on the national parks;
the complexity of interpreting the socioecological processes that are produced within
them, and of those, the pressure of global change and climate change in particular; and the
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continuity in monitoring necessary to obtain sufficient time-series data. The aforementioned
factors have been the main limitations in the development of this project.

Nevertheless, the system of socio-economic indicators presented in this paper provides
a framework for monitoring and interpreting changes in the Picos of Europe National Park,
which admittedly need to be improved over time, according to the results and data viability.
The approach taken here could also be applied in other similar national parks and be useful
for their management.
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