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Abstract: This paper analyzes the importance of assessing and controlling the social and economic
impact of climate change in national parks. To this end, a system of indicators for evaluation and
monitoring is proposed for the Sierra de Guadarrama National Park, one of the most important in
Spain. Based on the Driving forces-Pressure-State-Impact-Response (DPSIR) framework, the
designed system uses official statistical data in combination with data to be collected through ad
hoc qualitative research. The result is a system of indicators that monitors the use of natural
resources, the demographic evolution, economic activities, social interactions, and policies.
Adapted to different contexts, these indicators could also be used in other national parks and
similar natural protected areas throughout the world. This type of indicator system is one of the
first to be carried out in Spain’s national parks. The result is a system that can be useful not only in
itself, but also one that can catalyze climate change planning and management of national parks.
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1. Introduction

Anthropogenic climate change, which is produced by greenhouse gas emissions from human
activities added to natural climate variability [1], is one of the most serious problems of global
environmental change faced by contemporary societies [2].

The need to identify the current and foreseeable impacts of climate change as well as its
mitigation and adaptation presents challenges in scientific, political, economic and social spheres [2].
Among these challenges is addressing the potential impacts on national parks [3].

National parks are privileged spaces for monitoring climate change impacts [4-7]. As they are
protected spaces in their biophysical characteristics and limited in their socioeconomic activities,
they are easier to control than other spaces that are subjected to social and economic dynamics. In
addition, high mountain areas—as is the case of the Sierra de Guadarrama National Park—are a
good indicator of the possible effects of climate change on other parts of the planet, as they are
particularly sensitive to global environmental changes [8,9].

Consequently, the identification, evaluation and monitoring of the impact of climate change on
the park values (biological, cultural, etc.) is an important task for science and for identifying
appropriate management actions [3,6,10,11].
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There is already experience in monitoring systems with indicators related to biophysical
conservation and evaluation of conservation management [12-16] as well as the impact of global
environmental change on national parks [4,6,7,17]. However, monitoring the social systems that are
both producing climate change and being impacted by climate change in national parks is much
scarcer [3,18-21].

There are fifteen national parks in Spain, and for only two of these —Picos de Europa and Sierra
de Guadarrama—has a system of indicators for the assessment and monitoring of the socioeconomic
impact of climate change been developed. Given the recent creation of these monitoring systems,
they have not yet collected enough time-series of data to detect trends in any socioeconomic
indicators.

In this paper, we present the system of indicators developed for the Sierra de Guadarrama
National Park. We first describe the special biophysical and cultural characteristics of the Sierra de
Guadarrama. Secondly, we highlight the relevance of a system of socioeconomic indicators to
evaluate and monitor climate change in the Sierra de Guadarrama National Park. Then, we explain
the methodology used to develop the indicator system. Finally, we present the selected indicators,
the conclusions, and some lines of discussion.

1.1. Sierra de Guadarrama: Object of Desire for Kings, Nobles, Clergymen and Novelists, Since the
Middle Ages

The Sierra de Guadarrama National Park occupies 33,960 hectares, and is located in the
mountain range of the Central System (Figure 1), forming part of the natural division between the
northern and southern plateaus that make up the center of the Iberian Peninsula (Spain and
Portugal). In addition, its peripheral protection zone is 62,687.26 hectares (this has its own legal
regime, designed to promote the values of the park in its surroundings and to minimize the
ecological or visual impact of the exterior over the interior of the park), and its legal area of
socioeconomic influence is 175,593.40 hectares (Figure 2) —the total area of the municipalities where
the National Park and its Peripheral Protection Zone are located [22].

S

Figure 1. Sierra de Guadarrama National Park location.
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Figure 2. The park territorial limits, its zone of protection, and its area of socioeconomic influence.

The Sierra de Guadarrama has been present in Spanish literature [23] since the Middle Ages: the
Archpriest of Hita (1283-1350), Cervantes (Don Quixote) (1547-1616), Lope de Vega (1562-1635),
Tirso de Molina (1579-1648), Zorrilla (1607-1648), Pio Baroja (1872-1956), Cela (a Nobel Prize
winner) (1916-2002), Sanchez Ferlosio (1927-2004), and Vicente Aleixandre (1898-1984), are some of
the authors who have referred to it. This is not surprising, as the Sierra de Guadarrama offers
grandiose and majestic scenery, and thoroughly enigmatic settings [23] (p. 24).

The natural riches of the environs of Sierra de Guadarrama attracted the interest of kings,
nobles and clergymen, who chose this area to build their palaces, fortresses, monasteries and
churches, resulting in a wealth of heritage. Many of these attractions are inside or around the park,
and are an addition to the park’s appeal. Highlights include the Monastery of El Paular, the Castle of
Manzanares, and the Royal Site of San Ildefonso [23] (p. 25).

This park is a representative sample of the natural systems of high Mediterranean mountains
(Pefialara is the highest at 2428 m), as are its alpine grasslands and pastures, pine and Pyrenean oak
forests, peatlands, with glacier and periglacial modeling, and the presence of unique reliefs and
geological elements. The main ecosystems of the park are Pinus sylvestris pine trees on siliceous soils;
high mountain lakes and wetlands; formations and reliefs of mountains and high mountains; the
geomorphology of granite rock that distinguishes the shape of the unique relief and landscape;
gall-oak and Pyrenean oak groves; supraforestal thickets, high mountain pastures, high, woody,
gravelly steppes; and forests of pine, savin juniper and juniper [24].

Its biophysical values have been internationally recognized. The park, besides being a national
park, has, totally or partially, other forms of international protection. It is a Special Protection Area
for Birds (SPA), parts of the park are included in two Biosphere Reserves (BR) (Cuenca Alta del
Manzanares BR; Real Sitio de San Ildefonso-El Espinar BR), it is included in the International Ramsar
List, and is designated a Site of Community Importance (SCI) with 25 habitats of interest, four of
which are of priority. Spain occupies second place in the European Union’s habitats of interest
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ranking and third in that of priority habitats. Sierra de Guadarrama is also characterized [25] by its
floristic richness and contains a large number of threatened and/or endemic species. Its special
climatic conditions and its location in the transition zone between the Eurosiberian and
Mediterranean regions have favored the processes of endemism. For example, in relation to flora, 40
species of interest have been cataloged; 4 are on the Red List of Spanish vascular flora, 35 are in the
catalog of protected flora of the region of Madrid, and 10 are in the catalog of the region of Castile
and Leon. Also found here are 83 endemic plants of the Iberian Peninsula, some of them exclusive to
the Central System and others to Sierra de Guadarrama.

In addition, the park has cultural values, such as the remains of traditional socioeconomic
activities and trades (transhumant pastoralists, cowherds, stonecutters, oxen, charcoal workers,
carters, neighbors, etc.), remnants of pastoral pastures on the top of the sierra, the ruins of shearing
ranches or the brick chimneys of old sawmills, among others. These remains bring us closer to a
world of traditions that influenced the local culture for centuries and shaped the territory. It is also
worth mentioning the Roman road that crosses the Park, and several drovers’ roads and cattle routes
dating from the Middle Ages to displace the transhumant herds—millions of Merino sheep of good
wool to market to other parts of the world.

Today, most of these activities have been lost, with cattle still kept for meat production.
Tourism, based on the landscape, values of nature and cultural heritage, has become one of the main
economic sectors in the area.

Despite its natural values, the area was not declared a national park until 2013 [24]. In order to
meet the criteria to reach category II of the IUCN, this law was modified in 2014 [24]. The process to
acquire this category is still ongoing. The first National Park in Spain dates back to 1916 (Covadonga
National Park).

The Park belongs to two autonomous communities (regional governments). Sixty-four percent
of its area corresponds to the Autonomous Community of Madrid and a little over 36 per cent
belongs to the province of Segovia, in the Autonomous Community of Castile and Leon. There are 28
municipalities included in the geographical limits of the Park.

The aforementioned natural and cultural values, as well as the park’s proximity —35 km—to the
Madrid metropolitan area, tend to attract large numbers of people (3.8 million visits in 2014 [24]).
This mass tourism produces one of the main challenges faced by the Sierra de Guadarrama National
Park: the tension between the conservation of the park and the economic interests of the
municipalities within the park or in the protection area surrounding it—28 included plus 34 in its
area of socioeconomic influence.

Such a conflict became more visible in 2013 when the Sierra de Guadarrama was declared a
National Park. Some argue that an excessive touristic focus was given to the detriment of the
conservation objective [26], and that there is a lack of coordination between protection efforts and
the pursuit of traditional activities [27].

The valuable ecosystem of the Sierra de Guadarrama National Park is under threat. On the one
hand by global warming, to which the park is particularly vulnerable. On the other, by an existing
tendency to prioritize the economic interests of local communities instead of the conservation of the
park. Both pressures have the potential to interact: for example, changed land use by humans could
exacerbate the effects of climate change on the natural and cultural resources of the park. Despite
these, there is very little evaluation and monitoring, mitigation and adaptation to climate change [2]
of the Sierra de Guadarrama National Park [28]. The current process of drafting the obligatory
Master Plan for the Use and Management of the Park could be an opportunity to address climate
change, particularly its socioeconomic dimensions, more directly.



Environments 2018, 5, 25 5o0f 16

1.2. The System of Socioeconomic Indicators for the Evaluation and Monitoring of Climate Change in the
Sierra de Guadarrama National Park

The aim of designing and operating a system of socioeconomic indicators for the evaluation and
monitoring of climate change in the Sierra de Guadarrama National Park responds to the need to
have a sufficient set of data to monitor the short, medium and long-term effects of climate change in
the social and economic sphere of this protected natural space.

In the face of climate change, such monitoring is crucial for the development and
implementation of plans [29-31], to conserve natural resources and to the living conditions of the
communities dependent on these resources.

Those plans need to be based on an approach of seeking to increase the resilience of natural and
social systems [32-38] in the face of considerable uncertainty about the specific changes that might
occur and their timing and magnitude [29,39].

To do this successfully requires consideration of a potentially wide range of valued assets,
whose vulnerability to different aspects of climate change will vary, and a range of interacting
biophysicial and social processes at a range of spatial scales [40].

Hence, an appropriate set of indicators needs to be carefully chosen to be able to track changes
in the most important elements of these complex systems over relevant timescales and spatial scales.
The collected data will enable park managers to efficiently respond to a complex and changing
natural and social environment [39,41].

However, managers and planners still have little guidance or training on how to address the
social aspects of vulnerability to climate change in their management and planning [42,43].
This deficit can jeopardize the management strategies of these areas as well as the public support for
them.

Thus, the objectives of the research presented here have been (1) the definition of a system of
indicators for the evaluation and monitoring of the impact of climate change in the social and
economic environment of the Sierra de Guadarrama National Park, specifying those that may be
generalizable to other national parks of similar characteristics; (2) the design and development of an
updated database.

2. Methodology

Following Land and Spilerman [44], the indicators refer to those parameters (statistics, data and
all forms of evidence) that allow us to evaluate where we are and where we are going, in relation to
the objectives set. The variables and indices that have the characteristic of indicators are those
sensitive to changes, whether they are of social or physical nature, and trends of natural or social
origin. As a whole, the system of indicators should show the relationships between the elements of
the system studied and the underlying interactions [45].

To address the research objectives, we drew on a range of relevant existing sources of
information relating to conservation and management of national parks and natural resources in
Spain. First of all, the legal framework on which the general objectives for national parks in Spain are
based; these focus primarily on the protection of their biogeophysical values [46]. However, the
sustainable development of the municipalities situated within the park’s area of socioeconomic
influence, is also considered by law [46]. With regard to monitoring, the National Parks Network of
Spain [47] proposes to develop and maintain a monitoring and evaluative system for the ecological,
socioeconomic and functional aspects of each park and the Network as a whole. In addition, we have
considered both the criteria and indicators for sustainable forest management in Spanish forests [48]
and the evaluation of public use of national parks in Spain by the Autonomous National Parks
Organization [49], the System of Indicators for the Evaluation and Monitoring of the Socio-economic
Impact of the Impact of Global Change in the Picos de Europa National Park, as well as the system
proposed for the Integrated Assessment of Protected Areas of the region of Madrid [16], among
other sources.
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Then, taking all of these aspects and arguments into account, the indicators selected were based
on the following criteria. Firstly, they were selected according to the socioeconomic characteristics of
the park’s municipalities and the area of influence and the availability of the data [50].

Secondly, we considered the functions that the indicators should fulfill [51]: the continuous
recording of the dynamics of the socioeconomic system and the analysis of the trends of change,
either by natural or social causes; the improvement of the knowledge of the system, through the
compilation or generation of new information regarding the social and the economic impact of
climate change on the national park; the forecast for specific and/or global changes in the system,
especially alterations or damage due to unexpected events; the identification, where appropriate, of
the effects of management practices on the dynamics of social systems, and detection of undesirable
effects. To do this, the research team took into consideration literature analysis, existing accessible
statistical information, the park management office’s annual reports, and those indicators that may
be more sensitive to change.

Finally, the focus was on the concordance of the preceding two criteria with the overall goal of
progressing towards the sustainable development of the communities that influence or are
influenced by the National Park [52-54], according to the United Nations sustainable development
goals.

The indicators developed here are the result of a selection from the many possibilities resulting
from the great complexity of the natural and social systems that intertwine in protected natural
spaces. This selection, made using rigorous and explicit criteria, has been necessary in order to
obtain a number of indicators not too large in order to maximize the information and minimize the
cost. To this end, we considered the extent to which the indicators are specific and unequivocal, easy
to interpret, accessible, significant and relevant, sensitive to change, valid, verifiable and
reproducible, and, above all, useful tools for action.

A balance has also been sought between the indicators of general use relating to protected
natural areas and those developed for the particular case of the Sierra de Guadarrama National Park.
The use of general-purpose indicators allows comparison between different protected areas and
their integration into larger monitoring projects, and therefore the achievement of relevant time
series.

Different indicator systems use alternative frameworks for impact analysis and sustainability
[65]. In this case, we have used the Driving forces-Pressure-State-Impact-Response (DPSIR)
framework, developed by the European Environment Agency (EEA) [56], which is the one used by
the Spanish Ministry of Agriculture, Fishing, Food and Environment to elaborate the Water
Indicators System [57].

The EEA defines “Driving forces” as “the social, demographic and economic developments in
societies and the corresponding changes in lifestyles, overall levels of consumption and production
patterns” [56] (p. 8). “Pressure” indicators describe the “developments in release of substances
(emissions), physical and biological agents, the use of resources and the use of land” [56] (p. 9).

Pressure indicators are outside the scope of this study. Climate change is a global process that is
barely affected by the activities taking place in the park, and the focus of our indicator framework is
on impacts and adaptation. Therefore we do not consider it necessary to develop indicators to
monitor factors (emissions of CO:z and other greenhouse gases) that cause climate change. Nor do we
consider it necessary to create additional indicators to monitor climate change itself (for example
changes in temperature and rainfall), as the park has weather stations with continuous
meteorological meters installed and annual reports are kept.

We have focused instead on the identification of indicators for (1) the “State” category, a
description of the quantity and quality of socioeconomic phenomena in the studied area; (2) the
“Impacts”, the changes in the social, economic and environmental dimensions, which are caused by
changes in the “State’” of the system; and (3) the society’s “Response” to change the pressures and
the state of the environment for the solution of the problem in question, as illustrated in Figure 3.
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Figure 3. Example of Driving forces-Pressure-State-Impact-Response (DPSIR) scheme.

“Impact” indicators will provide data about change in the “State”, but it will not be possible to
establish, a priori, a causal relation, since the park’s socio-ecologic system is affected by other factors
as well. As the Intergovernmental Panel on Climate Change IPCC (2014) concludes, “many
processes and mechanisms are well understood, but others are not. Complex interactions among
multiple climatic and non-climatic influences changing over time lead to persistent uncertainties,
which in turn lead to the possibility of surprises” [2] (p. 151). Further, the impact of important
socioeconomic factors could emerge in the medium or long term [58], depending as well on the
adopted mitigation and adaptation measures.

Even so, “for most economic sectors, the impacts of drivers such as changes in population, age
structure, income, technology, relative prices, lifestyle, regulation, and governance are projected to
be large relative to the impacts of climate change” [58] (p. 19). This emphasizes the importance of the
evaluative and monitoring systems of climate change, in this case the socio-economic impact
regarding the national park.

We propose a system based on a basic chain-of-causality among the indicators and their mutual
dependence. This is achieved by indicating on each indicator what other indicators we consider has
a relation with. The starting assumption is that the object of evaluation and monitoring is a system,
formed by a series of elements interrelated to each other by different processes [59,60].

Niemeijer and Groot [61] consider it important to advance the development of indicators from
causal chains to causal networks, that is to say, including all systemic interrelationships between
indicators. This approach enriches but also complicates the issue. In any case, it is a question of
finding the appropriate balance of indicators to identify relevant trends of change for policy-making
and explain the overall functioning of the system and its remoteness or approximation to
sustainability [46]. This approach also makes it feasible to inform civil society and support
communication with societies [62,63]. Finally, it must be taken into account that the use of the
selected indicators requires continuous revision. The indicator here proposed are just the beginning
of a monitoring system that will enable adjusting the model to better address its multi-causal
dimension.

A final methodological issue regards the information used to elaborate the Sierra de
Guadarrama National Park indicators. To a large extent, data has been gathered from official
statistical sources. This is a limitation, as the collected data lacked in some cases the level of
disaggregation necessary for some of the indicators. Even so, they have been maintained for their
role in the whole system. It is expected that the information will be provided in the future.
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3. Results

The indicators here presented have been elaborated to fit the socio-economic conditions of the
Sierra de Guadarrama National Park. However, they could be adapted and used in other protected
natural areas.

The category “State” has been labelled as “Receptor Environment” (RE) in this indicator system.
Taking into account the socio-economic characteristics of the Sierra de Guadarrama National Park,
the following categories have been proposed, differentiating “group” and “subgroup”:

1. Use of natural resources:

a. Land use

b. Agrarian resources use
c. Water use

d. Energy use

e.

Waste treatment
2. Demography:

a. Population and its characteristics
b.  Activity, occupation and unemployment

3.  Economy:

a. Employment in productive activities
b.  Tourist activity

¢.  Public investments

d. Income and transfers

4.  Society:

a. Education
b. Health
¢.  Quality and living conditions

The indicators of the “Impact” (SI) are those of the future “State”, which is to say, considering
the changes within the time taken into consideration.

Finally, the indicators of the “Response” are those including mitigation and adaptation (M&A)
to climate change. Two levels have been differentiated: “group” and “subgroup”.

1. Governance

a. Regulated
b.  Not regulated; informal
c.  National park management

2. Social and research instruments

Information and communication
Social perception
Training, qualification and participation

an oo

Social research

Table 1 has been designed for each of the indicators and includes: the name of the indicator; the
frame of reference; the “group” and “subgroup”; the objectives it pursues; its justification; the
measurement parameters or variables that define it; the data source; the scope and period to which
they refer; and the relation with other indicators. All this is part of the necessary monitoring protocol
to ensure its quality.
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Table 1. Example of an indicator.

Indicator Name

Agricultural and Livestock Area Index

Frame of reference

Receptor Environment

Group of indicators

Reference number
Natural resources

Subgroup

- RE-02
Uses of the territory

Characteristics of the Indicator

Objective, definition
and justification of the

It comprises the agricultural and livestock exploitations within the territory, which include the
strata of agricultural crops, scrub, pasture, and grassland of the National Forest Inventory. It seeks
to reflect uses of the territory by uses that do not entail an irreversible transformation of the

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

Calculation formula

Agrarian area multiplied by 100 divided by the total area.

Unit of measurement

Percentage rate, result of dividing hectares by hectares.

Possible
disaggregations

By municipalities of the park.

Source of information

III National Forest Inventory. Data for the Sierra de Guadarrama National Park.

Referred area

Territory included within the delimitation of the national park.

Data availability Upon request on the Management Office of the national park.
M t
casuremen The corresponding to the update of the National Forest Inventory.
periodicity
Responsibility for the

veracity of the data

Ministry of Agriculture, Food and Environment.

Indicators to which is
related

RE-01, RE-03, RE-04. (Table 2)

Reference values

Other national parks.

Values of the Indicator for the Different Areas and Periods

Municipalities of

Municipalities of the national Total municipalities of the Sierra de

Year the natlonal.park mn park in Madrid Guadarrama National Park
Segovia

2015

2014

2013

Comments: Model of the Indicator Data-Sheet. Its quantification would require an ad-hoc

investigation, not included in the scope of this work.

As a result, we have developed seventy-nine indicators altogether, which are listed on the table
below. It contains thirty indicators regarding both the biophysical and socio-economic means (State)
that could be affected by the impact of global and climate change (RE); twenty indicators regarding
the future socioeconomic “Impact” of climate change (SI); twenty-nine indicators regarding the
measures (Response) to mitigate and to adapt to climate change (M&A). All these indicators are
available on the internet and can be accessed following the links provided in the Supplementary
Materials at the end of this article.

Table 2 shows a list of all the indicators developed and the indicators with which they are
related.



Environments 2018, 5, 25

10 of 16

Table 2. Indicators for the Socio-Economic Monitoring and Evaluation System of Climate Change of the Sierra de Guadarrama National Park.

Receptor Environment Indicators (RE)

Socioeconomic Impact Indicators (SI)

Mitigation and Adaptation Indicators (M&A)

Related M&A
Ne Indicator Name Related indicators Ne Indicator Name Related indicators Ne Indicator Name ea ? &
Indicators
RE-01, RE-02, RE- Meeti held by th i d
RE-01 Wooded forest index RE-02, RE-03, RE04  SI-01  Impact on wooded forest 01, RE-02, RE-03, M&A-01 eetings held by the governing an Mé&A-02
RE-04, IS 02, SI-03 social participatory bodies of the park
. . Impact on the exploitation Agreements reached by the governing
Agricultural and livestock . RE-02, RE-01, RE-03, . .. .
g - - g - - M&A-01
RE-02 area index RE-01, RE-03, RE-04 SI-02 (?f agricultural and RE-04, S1-01, SI-3, SI-04 Mé&A-02 and social partl.apatory bodies of the
livestock resources national park
Agricultural and livestock Impact on the agricultural RE-03, RE-01, RE-02, o
RE-03 forest index RE-01, RE-02, RE-04 SI-03 and livestock forest index RE-04, 102, SI-04 Mé&A-03 General legislation development Mé&A-04, M&A-05
) Impact on the RE-04, RE-01, RE-02, .
RE-04 1 RE-01, RE-02, RE- 1-04 M&A-04 Level of 1 f park pl A-03, M&A-
0 Scrubland index 01, RE-02, RE-03  SI-0 development of scrubland RE-03, SI-02, SI-03 &A-0 evel of development of park planning M&A-03, M&A-05
RE-05 Water consumption of RE-06, R-21, RE-23 SI-05 Impact'on water. RE-05 M&A-05 Agreements in force that affect the park M&A-03, M&A-04
supply network consumption supplied
I R f ion of activiti
RE-06 V\{afer Freated by RE-05 SL06 mpact on er.lergy RE-07 M&A-06 ecords of sanction of activities M&A-07
purification systems consumption processed
. Impact on generated Records of authorization of activities
RE-07 Energy consumption RE-08, R-21, RE-23 SI-07 RE-09 Mé&A-07 Mé&A-06
waste processed
I t on d hi RE-12, RE-11, R .
RE-08 Energy production RE-07 SI-08 m%i;;;esgoirgg e RE-13, S1-09 M&A-08 Unregulated governance activities With all M&A
RE-09 Generated waste RE-10, R-21, RE-23  SI-09  Impact on the aging index RE-13, RE-11, MecA-g9 ~ Cleared areas for fire protection and for M&A-10
RE-12, SI-08 improvements of uses of pasture
Impact on the immigration RE-14, RE-11, RE-13, Treated areas for fire prevention and
RE-10  Separate waste collection RE-09 SI-10 pact onthe IMMIGTation  pg_15, RE-16, RE-17, M&A-10 cated areas fot ure prevention Mé&A-09
rate for improvement of uses of pasture
SI-11, SI-12
RE-11 Demographic Pyrarmd of RE-12, R-13, SL11 Impact on.the active RE-15, RE-16, Mé&A-11 Damage to wildlife With all M&A
population RE-14, RE-15 population rate RE-17, SI-12
Demographic dependency Impact on the RE-17, RE-15, Participants in the park’s M&A-11, M&A-27,
RE-12 RE-11, RE-1 1-12 A-12
rate ! 3 S unemployment rate RE-11, SI-11 Mé& environmental education program M&A-28, M&A-29
Impact on the agrarian Participants in the park’s volunteer Mé&A-11, M&A-12,
RE-13 Aging index RE-11, RE-12 SI-13 pact on e ag RE-18, RE-19, SI-14 M&A-13 panis in the parks v M&A-27, M&A-28,
productivity base rate program
Mé&A-29
X A RE-11, RE-13, Impact on the service
RE-14 Immigration rate RE-15, RE-16, RE-17 SI-14 economy rate RE-19, RE-18, SI-13 M&A-14 Waste removed from the park M&A-05
RE-15  Active population rate RE-16, RE-17 SI-15 Impact on tourist RE-20, RE-21, RE-22, M&A-15 Areas affected by forest fires M&A-16
accommodation capacity RE-23, SI-14
I t 1 Park RE-21, RE-20, RE-22, I t ti ti d
RE-16  Occupied population rate RE-15, RE-17 SI-16 mpact on annuat tar 0 M&A-16 [vestment in prevention an M&A-15, M&A-17
visits RE-23, SI-15 extinction of forest fires in the park
I t on th lit RE-22, RE-20, RE-21, .. .
RE-17  Registered unemployment RE-15, RE-11 SI-17 mpacton .e .seasona 1 0 M&A-17 Public investments in the park M&A-15, M&A-16
of visits RE-23, SI-16
RE-18 Agrarian productivity base RE-19 SL18 Impact on the to.urlstlc RE-23, RE-20, RE-21, Mé&A-18 Grants given in the municipalities of M&A-16
rate uses of housing RE-22, SI-16 the park
RE-19 Service economy rate RE-18 3119 ‘ Impact on pubhc. RE-24, RE-25, M&A-19 Cf)mpensat?on for‘ the cease .of activities M&A-17
investment per capita RE-26, SI-20 incompatible with the regime of the
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park

Tourist accommodation

Impact on health

RE-24, RE-25, RE-28,

RE-20 RE-21, RE-22, RE-23  SI-20 . M&A-20 People attended at the visit t M&A-20, M&A-21
capacity infrastructure RE-11, RE-13, SI-19 cople attended at the visttor centers
RE-21 Park visits RE-20, RE-22, RE-23 Mé&A-21 School group visits to the park Mé&A-22, M&A-23
RE-22 Seasonality of Park visits RE-20, RE-21, RE-23 M&A-22 Non-school group visits to the park Mé&A-20
RE23  Secondary uses of housing ~ RE-20, RE-21, RE-22 M&A-23 Brochures and other information M&A-24
formats edited by the park
RE-24 Public mves.t'ment per RE-25, RE-26 M&A-24 Speaf.lc publications r.elated to global M&A-25
capita and climate change edited by the park
C . . . M&A-11, M&A-12,
RE-25 Municipal m\:stment per RE-24, RE-26 M&A-25 Social f\e;ce?tlsoniof gl(;lt)iali ant(ii Crlllmate M&A-26, M&A-27,
capita change; Social participatio M&cA-28, M&A-29
Municipal indebtedness per Training and enabling activities about M&A-12, M&A-13,
RE-2 RE-24, RE-2 M&A-2
6 capita ! > §A-26 global and climate change M&A-28, M&A-30
Rate of universit Research on the impact of global and
RE-27 Y RE-11 M&A-27 climate change on the biogeophysical M&A-28
graduates .
environment of the park
RE-11. RE-13 Research on the impact of global and
RE-28  Health infrastructure index / / M&A-28 climate change on the social and M&A-29
RE-24, RE-25 . -
economic environment of the park
Visits to the website of the National
) Parks Autonomous Body within the Mé&A-12, M&A-13,
RE-29 Home equipment RE-23 Mé&A-29 section monitoring global change in the M&A 27, M&A-28
network of national parks
RE-30 Elderly population living RE-13

alone
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4. Discussion

The first general conclusion is that the corpus of scientific and empirical knowledge on the
social and economic impact of climate change on national parks is scant. However, the study of the
socioeconomic impact of climate change in national parks is relevant because climate change is one
of the most important challenges faced by today’s society. Moreover, climate impacts on people in
and around parks, and people’s response to such impacts could also affect the natural values of the
parks.

Thus, it is considered necessary to evaluate and monitor these impacts, with a systematic
scientific approach aimed at understanding parks interconnected biophysical and social systems.
This requires the development of more ad hoc theoretical and methodological tools for national
parks. This work is oriented in that sense, although limited to indicators and data that nevertheless
need to be tested and adjusted in the future.

For diverse reasons, the indicators elaborated for the Sierra de Guadarrama National Park vary
in their detail, including the lack of sufficiently disaggregated statistical information and the
necessary primary research that qualitative indicators require. This primary research is particularly
important in order to extend the system to process indicators, limited in this work as well as in many
of these features. Such indicators of processes make it possible to examine social phenomena, like
relationships between social groups or social perception of trends on sustainability in the area of
study. The system of indicators we propose will have to be adjusted in the future, as the processes of
interaction of the biophysical and social systems of the Sierra de Guadarrama National Park are
better known. The same will be also necessary in the other national parks with similar
characteristics.

A system of indicators for the monitoring and evaluation of the social and economic impacts of
climate change has the potential to go beyond simple reporting. It can provide information on
whether the situation improves or worsens, recedes or progresses, increases or decreases.

Socio-ecological systems generally are multi-causal and different depending the characteristics
of the area. Thus, it cannot be a priori determined whether such changes have been caused by
climate change or by any other factor or combination of factors. Nonetheless, continuous evaluation
will allow to deepen the understanding of the causal relationships between changes in climatic
conditions, changes in the socio-ecological system and changes in natural and cultural values of the
park. For example, climate change is a direct cause of drought termed “meteorological drought”, in
addition to human action or “hydric drought” (water infrastructures, responsible water human use
or consumption, etc.), which could also have a relevant impact on the economy (agricultures,
industry, tourism, etc.), environment (evolution of fauna and flora, territory, etc.) and population’s
living conditions (consumption, transport, live styles, etc.) and environmental values and attitudes
(response dimension). However, this needs to be tested over time.

Ideally, the information provided by a system of socio-economic indicators relating to climate
change can be integrated into management planning of national parks to improve decision-making.
Moreover, a study on indicators could be the catalyst for the development of comprehensive climate
change adaptation plans for individual national parks and protected area networks, which is still
limited or non-existent in most national parks in Spain and many other parts of the world.

5. Conclusions

In conclusion, the interpretation of changes in the monitoring process of complex
climate-related changes in protected areas is a major challenge. The evaluation of the interactions
between climate change and the socio-ecological changes in the park and its area of influence
requires a holistic approach and a sufficient time-series of data. The set of socio-economic indicators
we have developed provides a framework for collecting and interpreting such, and so will help to
inform adaptation planning for the Sierra de Guadarrama National Park. The approach we have
taken could also be applied in other similar national parks.
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Supplementary Materials: The seventy-nine indicators are available online at:
http://portal.uc3m.es/portal/page/portal/grupos_investigacion/sociologia_cambio_climatico/Sociology_of_Clim
ate_Change_and_Sustainable_Development/Receptor%20Environment%20Indicators.%20Sierra%20de%20Gua
darrama%20Na.pdf;
http://portal.uc3m.es/portal/page/portal/grupos_investigacion/sociologia_cambio_climatico/Sociology_of_Clim
ate_Change_and_Sustainable_Development/Impact%20Indicators.%20Sierra%20de%20Guadarrama%20Natio
nal%20Park.pdf;
http://portal.uc3m.es/portal/page/portal/grupos_investigacion/sociologia_cambio_climatico/Sociology_of_Clim
ate_Change_and_Sustainable_Development/Mitigation%20and %20Adaptation%20Indicators.%20Sierra%20de
%20Guadarra.pdf.
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