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9. SOCIOECONOMY AND ECOSYSTEM SERVICES

Discussion and conclusions

The present work constitutes a preliminary 
approach to the management of protected areas 
under the framework of ecosystem services [4]. 
The inclusion of ecosystem services reconnects 
humans and nature by the explicit recognition 
of intrinsic values [2]. Specifically, for protected 
areas, this strategy seeks to strengthen social 
support for these spaces, on showing the multi-
ple services provided. 

The results show that certain ecosystem services 
are in regression, some (e.g. climate regulation 
or the loss of aesthetic value) are due to global 
change.  The results indicate furthermore that 
the SNPA should be managed on multiple spatial 
scales, given that beneficiaries of those services 
pertain to local, regional, and global scales.  
This scalar uncoupling between the supply and 
demand for services has been shown in other 
studies with services associated with the forests 
of Sierra Nevada [3]. 

The mapping of services has enabled the 
identification of specific areas for management.  
For example, the area of Güejar Sierra annex of 
the national park (which has not been declared 
a natural park) should be considered a priority 
zone for management since it delivers multiple 
services and is not protected. Pradollano ap-
pears as an example of an area with services in 
decline and thus could be considered a priority 
zone for restoration.

The character of the study undertaken, by the 
participation of researchers and managers, 
has made it possible to outline a new theoretic 
framework and methodology for managing the 
SNPA. This is relevant, given the calls from inter-
national organizations such as the International 
Union for Nature Conservation or the European 
Union to introduce ecosystem services into the 
management of protected areas. Furthermore, 
participation permits bringing closer research 
and management. 

Spatial distribution of the Service Provision Hotspots (SPHs) (A: green), the SPHs in decline (B: red) and the beneficiaries of the 
services (C: blue) according to the perceptions of the participants.

Sierra Nevada Natural Park Sierra Nevada National Park

Figure 1

The participative mapping of the ecosystem 
services has resulted in the maps in Figure 1. 
The ecosystems included within the limit of 
the national park appear as the main suppliers 

of ecosystem services, highlighting the high 
summits for the importance of the services 
associated with water. The SPHs perceived in 
decline coincide mainly with the ski resort of 

Pradollano (Figure 1 B). The beneficiaries of the 
services live mainly in the metropolitan area of 
Granada and Almería.
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9.2. Temporal analysis of wellbeing in the municipalities 
of Sierra Nevada

Abstract

Aims and methodology

Wellbeing in municipalities of the Sierra Nevada Protected Area Space has been characterized. For this, information was compiled from 22 socioecono-
mic indicators belonging to 8 dimensions of wellbeing. A diachronic analysis was performed between two temporal points: in 1989 (before the declara-
tion of the natural protected area) and 2009. The results show that the wellbeing has increased in the municipalities of the Sierra Nevada Protected Area 
between 1989 and 2009.  Comparisons with other studies reveal that the improvement in wellbeing is greater in municipalities belonging to protected 
areas.

To analyse wellbeing in the municipalities of 
the Sierra Nevada Protected Area, the approach 
used was based on compound weighted indices 
[6]. The synthetic index of wellbeing, DP2, which 
combines different simple indicators that cha-
racterize wellbeing, was used [7]. This indicator 
enables comparisons between spatial and tem-
poral entities and has been broadly used in the 
measurement of wellbeing at different scales [8].  
For this, the information from 22 socioeconomic 
indicators representing different dimensions of 
wellbeing were used (Table 1). This information 
comes from the compilation of socioeconomic 
information from several sources, which has 
been integrated into the information system of 
the Sierra Nevada Global Change Observatory 
(https://linaria.obsnev.es).  For each municipa-
lity, the DP2 index was calculated in 1989 and 
2009, using a free software algorithm [10]. For 
each municipality, a well-being ratio (WR) was 
computed as the ratio between the well-being 
in 2009 and well-being in 1989. A value of WR 
greater than 1 indicates well-being improvement 
whereas a value less than 1 indicates worsening 
over the time period considered.

Pérez-Luque, A.J.; Moreno-Llorca, R. A.; Pérez-Pérez, R. and Bonet, F.J. 
Andalusian Institute for Earth System Research. University of Granada

Indicators used in calculating the wellbeing of each municipalities.
The dimension of wellbeing to which each belongs is indicated.

Table 1

D
im

en
si

on
s

Indicators

Population Births
Population growth 
Interior emigration
Interior immigration 
Ageing index

Health Healthcares centres

Employment Employed population
Unemployed population

Economy and income Business activities
Personal income
Buses
Lorries
Vans 
Cars

Infrastructures Hotels
Phones lines

Education Schools
Elementary teachers

Culture and leisure Public libraries
Restaurants

Social participation Voter turnout
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Discussion and conclusions

The data for the increase in wellbeing between 
1989 and 2009 found for the municipalities of 
the Sierra Nevada Protected Area agree with 
those found for all of Andalusia for this period 
[9]. The results at a regional scale indicate that 
the municipalities belonging to the natural 
park presented a greater increase in wellbeing 
between 1989 and 2009 than did those outside 
the park.

Our results stress the importance of protected 
areas, not only from the standpoint of conserva-
tion of biodiversity, but as generators of ecosys-
tem services that are beneficial to society for 
their socioeconomic relevance.

For the municipalities of the Sierra Nevada Pro-
tected Area, a significant increase in wellbeing 
was noted between 1989 and 2009 (Figure 1). Of 
the 56 municipalities for which data are availa-

ble, a decline in the wellbeing index was found 
in only 3 municipalities (values of the wellbeing 
ratio below 1). On the other hand, no relation 
was found between the increase in wellbeing 

and the percentage of belonging to a municipa-
lity in a protected area.

Results

Synthetic indicator of wellbeing DP2 (mean ± standard error) for the 
municipalities of the Sierra Nevada Protected Area between 1989 and 2009.

Histogram of the number of municipalities against the 
ratio of wellbeing.

Figure 1 Figure 2
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Mountain ranges offer extraordinary oportuni-
ties to conduct research and to monitor global 
change, since they can be used as observatories 
for remote processes. Two types of processes 
cause changes at a broad scale. On the one 
hand, those processes that have acquired a 
planetary dimension by aggregation of local im-
pacts (such as habitat fragmentation and land-
use changes). On the other hand, regardless of 
their origin, those human impacts whose effects 
are propagated at the planet scale through fluid 

layers enveloping the Earth:  oceanic and conti-
nental waters, and especially the atmosphere. 
This second class includes processes consi-
dered more genuinely global and are precisely 
the processes that can be observed better from 
the mountains, as exceptional lookouts. In 
this sense, mountains are key observatories of 
the atmosphere and all the aspects related to 
climate such as energy balance, UV radiation, 
atmospheric-particle deposition, pollutants, 
greenhouse gases, or the transport of resistant 

biological forms and microorganisms. The elec-
tromagnetic radiation emitted by the lightning of 
storms that is occurring worldwide, particularly 
in the tropical belt, is being monitored in Sierra 
Nevada. This radiation is especially intense in 
extremely low-frequency ranges (ELF band), and 
is transmitted around the world throughout the 
atmospheric layer existing between the earth 
and the ionosphere that acts as a waveguide. 
The ELF-measurement station of Juan Antonio 
Morente, situated on the Loma del Mulhacén 

Sierra Nevada as 
a global change 
observatory of the 
planet

Chapter 10 Cloud of Saharan dust over the Alboran Sea.  Image taken by the 
SeaWIFS sensor of NASA 23 March 1999
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at 2500 m.a.s.l., serves as a valuable tool for a 
global-scale monitoring from Sierra Nevada of 
the main storm areas of the planet. This station 
measures Schumann resonance, which acts as 
a global thermometer of the Earth and can provi-
de data on global climate change.

Mountains are also very sensitive to envi-
ronmental changes because of the fragile 
equilibrium in the components of the natural 
system, and thus, these ecosystems can be 
used as sensors to detect early signs of change. 
For example, high-mountain ecosystems are 
important sensors of global pollution because 
their isolation from human activity make them 
receptors, paradoxically, of industrial pollution  

that circulates through the atmosphere world-
wide. Toxic elements, from metals to pesticides, 
which circulate through the atmosphere are 
deposited in mountain ecosystems, entering 
into trophic chains and biogeochemical cycles.

The atmospheric transport of materials is highly 
efficient, implying that regional emissions can 
be transported long distances reaching other 
regions of the planet. This has been clearly ob-
served in studies performed on high mountain 
lakes of Sierra Nevada, where the influence of 
different vectors of global change on communi-
ties, especially the increased aerosol load, has 
been. The generation of atmospheric aerosols 
is a growing phenomenon at the global scale, 

which transports and disperses nutrients, 
pollutants, and microorganisms thousands 
of kilometres away. Changes in atmospheric 
circulation have increased the arrival of Saharan 
dust, which increases the atmospheric deposi-
tion of phosphorus in lakes. This has caused the 
growth of phytoplankton, causing changes in 
the configuration of the of the trophic networks 
and the biogeochemical equilibrium of lakes. 
This is also a clear example of how human 
impact reaches remote places and demonstra-
tes the need to consider the impact of global 
change on ecosystems from an integrated 
perspective.

2001 20012007 2007

Phytoplankton 
growth due to 
nutrient input

Eutrophication
of Alpine lakes

2001

Deposition 
of particulate 

material in 
Sierra Nevada

2007

are higher in Granada 
than in Sierra Nevada

is a good indicator 
of the Earth’s 
temperature

is increasing 
worldwide

Schumann 
resonance

SO2 and NO2 
concentra-
tions

Aerosol 
generation

Graphical summary of the main results described in this chapter. Time evolution of the biophysical variables from 2001 to 2007.
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The ELF station has been working without inte-
rruption (except for maintenance tasks) since 
July 2012 [4]. Figures 1 and 2 show some of the 
results obtained with the processing of measu-
rements collected during this period.

Figure 1 shows the spectrogram of the signal in 
the frequency band of 6 to 25 Hz for the first 5 
days of October 2013. Frequency is shown on 
the vertical axis, and the signal amplitude for 
each frequency is represented in a colour code 
by the scale at the right. Each plot corresponds 

to a sensor. The first three modes of the SR 
correspond to the frequencies of 8, 14, and 21 
Hz. These resonances can be detected more 
clearly during days of low electrical activity, 
such as days 1 and 2, while the spectrum beco-
mes flatter on days with high electrical activity, 

Results

Abstract

Aims and methodology

10.1. The monitoring of worldwide storm activity  
with the Juan Antonio Morente ELF station  
of Sierra Nevada

From Sierra Nevada, the electromagnetic radiation emitted by lightning during storms worldwide is being monitored. This radiation is especially intense 
at the extremely low frequencies (ELF) band and is transmitted troughout  the world by the layer between the Earth and the ionosphere that acts as a 
waveguide. The intensity of the signal transmitted has peaks at frequencies known as Schumann resonances. These act as a global sensor of the Earth 
and can provide data on global climate change. 

The terrestrial atmosphere comprises several 
layers with very different physical characteris-
tics. From the electromagnetic standpoint, its 
structure can be simplified in two layers: (i) the 
ionosphere, situated from 100 km in height and 
characterised by high conductivity, and (ii) the 
gas layer that goes from the surface of the Earth 
to the ionosphere, characterised electromagne-
tically by practically null conductivity. Most of 
the natural electrodynamic phenomena occur 
in this layer, storms (lightning) being their main 
expression.

The electromagnetic field produced by lightning 
is propagated through the atmosphere. The sig-
nal within the kilohertz band (those frequencies 
that can be picked up by a radio near the storm 

in the form of clicks) is attenuated a few kilome-
tres from where the lightning occurred.  Howe-
ver, part of the low frequency (ELF band) can be 
propagated throughout the Earth, continually 
bouncing between the ionosphere to the Earth’s 
surface. For this part of the electromagnetic field 
produced by lightning, the atmosphere acts as 
an immense cavity delimited by the Earth’s sur-
face and the ionosphere [1]. This signal, known 
as Schumann Resonances  (SR), is measured at 
the station located in Sierra Nevada [2].

This is the only station in Spain that measures 
SR. The station has two magnetometers: NS 
(sensor 0) and EW (sensor 1) oriented. The 
signal measured by each sensor is digitalized 
at a sampling frequency of 256 Hz. Figures 2 

and 3 show the results of a discrete Fourier 
Transform with a window averaging 30 seconds 
an hour. Results are calibrated from a frequency 
of 0 to 25 Hz.The maximum amplitudes and the 
corresponding frequencies are derived from 
the averaged signal. The first three modes of SR 
are detected within the calibration range of the 
station. The station also enables the detection 
of variations in the fourth mode.
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Figure 1

Figure 2

Spectrogram of the signal measured by the sensor 0, left, and sensor 1, right, during the first 5 days of October 2013.

such as day 4, indicating that the storm activity 
source is closer. The variations in the resonance 
frequency of each mode enables the estimation 
of the distance between the observer (station) 
and the storm centres, thereby allowing the 
study of their annual drift.

Figure 2 shows the daily time course by sea-
sonal periods of the amplitude of the first 
resonance from March 2013 to February 2014, 

measured by both sensors.  It can be noticed 
that the amplitude increases during summer 
(boreal) as opposed to winter (boreal). Also, 
the sensor 0 shows the storm-activity peaks at 
approximately 12 UT and 20 UT, whereas sensor 
1 presents amplitude peaks (in the first mode) 
during sunrise and very significantly at around 
15 UT, corresponding to the activation of the 
storm centre of Africa.

Currently, the analysis of data from the sta-
tion continues. Also, efforts are being made 
to contact other research teams that have ELF 
stations or other types of observatories of na-
tural electromagnetic noise in order to compare 
measurements.

Daily evolution of first resonance amplitude in different seasons, measured by sensor 0 (left) and sensor 1 
(right). Measurements collected from March 2013 to February 2014.
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View of the monitoring station.

Discussion and conclusions

The ELF Juan Antonio Morente measurement 
station constitutes a valuable tool for world-
wide monitoring of the main storm centres of 
the planet from Sierra Nevada. SR act as an 
Earth’s thermometer and can provide data about 
global change. The link between SR and tropical 
temperature of the atmosphere was established 
through the number of lightning bolts per se-
cond that, on average, are being produced in the 
world [3]. Therefore, the measurement of the SR 
can be considered an indicator of overall Earth 
temperature, and its monitoring through time 
could provide information on global change. It 

is important to note that the measurement of 
SR in Sierra Nevada comes not only from the 
electromagnetic field generated by lightning 
activity produced by nearby storms but also from 
the global Earth’s storm activity. The SR presents 
daily, seasonal and annual variations, which can 
be detected through measurements made with 
the station. The drift of the fundamental nuclei of 
storm activity towards the south in the warmest 
years, when El Niño phenomenon occurs, or 
towards the north in the coldest years, when La 
Niña occurs, influences the measurements of 
the SR, and therefore it is possible to monitor 

the phenomenon at planetary scale by taking 
measurements far away from the areas directly 
affected.

These data also contribute to the study of the 
effect of solar storms and seismic precursors on 
the ionosphere through statistical variations of 
the resonance frequencies and irregular increa-
ses in the amplitude at frequencies of tenths of 
a hertz. In this sense, the variations measured 
in SR through multiple stations distributed at di-
fferent points of the Earth could serve to predict 
earthquakes with a lead  time of days or weeks.
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Abstract

Aims and methodology

10.2. Monitoring of atmospheric pollutans

The monitoring results of SO2, O3, and NO2 concentrations in Sierra Nevada are presented in comparison with data from the urban station of the city of 
Granada (Granada-Norte) available on EIONET. For the data collected in Sierra Nevada, a downward trend for NH3, O3 and SO2 was detected, whereas a 
stabilization of NO2 was observed. Great differences are measured in NO2 and SO2 between Granada and Sierra Nevada. Following the concentration 
modelling of each contaminant, a projection was made. In general, although with the available data it is difficult to make a reliable prediction over the 
long term, the concentration of contaminants will foreseeably continue within the detected trend. 

In the light of potential negative effects of 
certain pollutants on natural ecosystems, a 
protocol has been put into practice to monitor 
air quality in Sierra Nevada.

The concentrations of four atmospheric pollu-
tants were recorded from 2008 to 2013 at three 
different points by passive dosimeters. Previous 
data are available for the period 2001-2004 
as well as data on the concentrations of three 
pollutants at a station in the city of Granada 

(accesible at: www.eionet.europa.eu). Prior to 
the analysis, the series were homogenised. The 
collector was replaced every 14 and 15 days for 
the period 2001-2004 and 2008-2013 respecti-
vely. The station in Granada city registered the 
concentration measurements every hour.

After the data homogenisation, the averages of 
the concentrations in the city of Granada were 
calculated for the same time interval in which 
the collectors were installed in Sierra Nevada. 

When the two data series (2001-2004 and 2008-
2013) were defined, several analysis methods 
were used: linear regression, simple smoothing, 
double smoothing, Stl (Seasonal and Trend 
decomposition using Loess), Holt-Winters 
smoothing, and ARIMA. All these techniques are 
available in TSA packages [5], tseries [6], and 
forecast [7] of the statistical program R.

Muñoz, J. M. 
Environment and Water Agency of Andalusia

The comparative analysis of the distribution  
of the concentrations (Figure 2) shows high 
concentrations of sulphur dioxide (SO2) and 
nitrogen dioxide (NO2) in the city of Granada in 
relation to any point in Sierra Nevada, while the 
concentrations of ozone (O3) show an inverse 
pattern, with minimal differences between the 
city and Sierra Nevada. The European normative 
considers ozone concentrations higher than 40 
ppb (parts per billion) to be harmful to plants, 
this known as the AOT index [8-9].

Ammonia (NH3) concentrations are similar in the 
three points analysed in Sierra Nevada (Figure 
2). This gas is related to primary human acti-
vities (livestock and agriculture). There are no 
data available for this gas in the city of Granada.

The difference between the two series (Figure 3) 
indicates some temporal changes. In general, 
the concentrations decreased but the relative 
differencesamong measuring points remain. 
Concretely, NO2 concentration slightly increased 

in the city of Granada, but did not significantly 
change in Sierra Nevada.

Ammonia, as well as ozone concentration, de-
creased in Sierra Nevada. Nevertheless, ozone 
remained relatively stable in Granada. 

Finally, the SO2 concentration rose slightly at 
the three points in Sierra Nevada, but kept the 
same range of values in Granada.

Results
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Concentrations (in ppb) of each contaminant at 4 sites through time. a) Urban station of Granada; b) Puente Palo (Cáñar, Granada), 
pine and oak forests; c) La Cortijuela Botanic Garden, pine forest; d) La Ragua, pine forests and spiny broom thickets.

Figure 1

The available data are not sufficient to reliably 
predict future trends in the pollutants concen-
trations, especially without knowing the emis-
sion rate of the sources of each contaminant. 

Nevertheless, the results of the projections  
indicate (Figure 4) that most have remained sta-
tionary, with a certain trend to decline in recent 
years (2012 and 2013).

a

c

b

d

Pollutants concentrations in Granada city station

Ammonia (NH3) 
Ozone (O3)
Sulphur dioxide (SO2)
Nitrogen dioxide (NO2)

Ozone (O3)
Sulphur dioxide (SO2)
Nitrogen dioxide (NO2)

Ammonia (NH3) 
Ozone (O3)
Sulphur dioxide (SO2)
Nitrogen dioxide (NO2)

Ammonia (NH3) 
Ozone (O3)
Sulphur dioxide (SO2)
Nitrogen dioxide (NO2)

Pollutants concentrations in Puente Palo  
(Cáñar, Granada; Sierra Nevada)

Pollutants concentrations in Cortijuela  
(Monachil, Granada; Sierra Nevada)

Pollutants concentrations in La Ragua  
(Bayárcal, Almería; Sierra Nevada)



197

10. SIERRA NEVADA AS A GLOBAL-CHANGE OBSERVATORY ON A PLANET SCALE

Sierra Nevada Global Change Observatory

Distribution of concentrations (in ppb) of each contaminant during the period 2001-2013. a) Ammonia gas. No data are available for the city of Granada;   
b) Sulphur dioxide; c) ozone; and d) nitrogen dioxide.

Figure 2

Discussion and conclusions

The comparative analysis confirmed that there 
is a great difference in contamination levels 
between Sierra Nevada Protected Area and the 
urban agglomeration of Granada, mainly in SO2 
and NO2 concentrations.

A decline was detected in the NH3 and O3 
concentrations as well as a rise in the SO2 and 
NO2 concentrations in Sierra Nevada. There are 
not yet enough data to make a reliable forecast, 
although most pollutants seem to follow a sta-

tionary trend with a slight tendency to diminish 
at present.
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Figure 3

Comparison of the distribution of concentrations (in ppb) of each contaminant for the 2 time series (2001-2004 and 2008-2013).
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Three examples of superposition between the real values and the forecast for the next following years according to the 
current time course of the concentrations of ammonia (a), nitrogen dioxide (b), and ozone (c).
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The data compiled show that more than 70% of 
the particulate matter is deposited in dry form, 
the rest carried by the rain. This reflects the 
singularity of the southern Mediterranean area 
in relation to more northern parts of the Nor-
thern Hemisphere, where the wet precipitation 
of aerosols is predominant. The evolution within 

the study period shows a progressive increase 
in the quantity of deposited material, ranging 
from 10.9 g m-2 year-1 in 2001 to 14.6 g m-2 year-1 
in 2005 (Figure 1). Furthermore, the determinant 
influence of the deposition of organic carbon, 
phosphorus, nitrogen and calcium in the bio-
geochemistry of aquatic systems in Sierra Neva-

da has been demonstrated [11-14], as well as the 
determinant role of Saharan calcium inputs on 
Mediterranean forest [10].

Results

Abstract

Aims and methodology

10.3. Monitoring the atmospheric deposition  
of aerosols in Sierra Nevada

The deposition of atmospheric aerosols (dust) is a climatic variable that has not been taken into account until very recently. Therefore, the role that 
atmospheric depositions play in the biogeochemistry of Mediterranean ecosystems has not been sufficiently studied, although the data that are being 
reported indicate that the atmospheric particulated material, and especially Sahara Desert dust, represents one of the main inputs of nutrients and tra-
ce elements, among other components, to Mediterranean ecosystems. Concretelly, this study monitors the aerosols deposition in Sierra Nevada within a 
western Mediterranean context in relation to global climate change.

The quantification and variability of rainfall has 
been studied for some time with reliable time 
series that span decades and a relatively fine 
spatial resolution. However the genesis, mobi-
lization, and deposition of suspended particles 
in the atmosphere are barely known.  Arid areas 
are the main sources of aerosols and the Sahara 
Desert, the greatest of the entire planet, is 
responsible for the exportation of vast amounts 
of dust that are transported by the atmosphere 
towards the Atlantic Ocean and Europe.

The Mediterranean area receives, by particulate 
deposition, significant quantities of Ca, Fe, P, 
organic matter, and other elements without 

gaseous phases. The biogeochemical cycles of 
these elements have traditionally been consi-
dered closed within the ecosystems. Therefore, 
there is growing interest in quantifying these 
atmospheric fluxes and their impact on Medi-
terranean ecosystems.  The aim of the present 
study is to establish a continuous data series on 
atmospheric aerosol deposition in Sierra Neva-
da and to study it in relation to climate change 
in order to predict its impact on those mountain 
systems.

Since 2001 weekly samples of aerosol deposi-
tion have been collected in Sierra Nevada in two 
biennial series that lasted until 2005, with the 

exception of 2003.  The samples were taken by 
passive automatic collectors that differentiate 
the dry deposition of aerosols from wet deposi-
tion (particles carried by the rain).

Currently, the weekly collection of particulate 
matter continues using a new automatic instru-
ment installed in the weather station of Cañar, 
of the Regional Organization of National Parks, 
in coordination with the CHARMEX network, 
which is described below.
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Figure 1 Figure 2

Annual deposition of atmospheric particulate matter over Sierra Nevada Deployment in the Western Mediterranean of the network of CARAGA collectors within the project 
CHARMEX.

Discussion and conclusions

The observed trend is consistent with the increa-
se of Saharan dust emissions towards the Medi-
terranean region according to changes detected 
in global climate patterns. However, the data 
available are too scarce. Longer time series are 
needed to relate the dynamics of aerosols and 
their variability with other climatic variables.

Given the scarcity of data on aerosols their stu-
dy has stirred interest in the scientific commu-
nity and thus, French researchers coordinated 
by Professor François Dulac (Centre D’études 
Civils, Saclay) has promoted an initiative called:  
CHARMEX (The Chemistry-Aerosol Mediterra-
nean Experiment). This project involves an 
ambitious long-term work plan that has the 
following objectives:

1. To establish the current state of the Mediterra-
nean atmosphere.

2. To quantify the impact of reactive aerosols 
and gases.

3. To predict the future trends of these balances 
and impacts.

The specific aims cover a broad spectrum, inclu-
ding knowledge of radiative forcing, transport 
mechanisms, atmospheric chemistry, deposi-
tion, effects on ecosystems, and anthropogenic 
influence. Reaching these objectives implies 
the collaboration of a several groups of inter-
national researchers from different branches 
of science. This network currently consists of  7 
nodes, 2 of which are in Spain: one in Majorca 
and the other in Sierra Nevada. In each node, an 
instrument that collects aerosols autonomously, 

called CARAGA, and developed specifically for 
this network, has been installed (Figure 2).

The network began to be deployed in 2010. In 
May of 2012, the autonomous collector was 
installed in the weather station of Cañar. During 
the first year, the functioning of this appara-
tus, which is a prototype, required various 
adjustments and sampling was irregular. From 
May 2013, weekly data were taken regularly and 
continue to be taken in a coordinated way with 
the rest of the stations of the CHARMEX network.  
With the collected data, critical information is 
expected to be compiled in order to validate the 
cycles and models of atmospheric depositions 
at the synoptic scale, as well as to know the 
past, present, and future role of these depo-
sitions on the functioning of Mediterranean 
ecosystems.
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