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Coastal areas experience multiple pressures from anthropogenic activities that negatively change the
ecological and environmental status of beaches and impact human welfare. The focus of this paper is
coastal erosion, an issue that is very relevant for Argentina, the second largest nation in Latin America
with an extensive coastline of nearly 5000 km. Coastal erosion decreases the attractiveness of coastal
areas for tourism development, leading to considerable economic impacts. In this paper, two comple-
mentary approaches, the Driver-Pressure-State-Impact-Response (DPSIR) and the Systems Approach
Framework (SAF), were used to analyse two beach resorts in Argentina: Monte Hermoso and Pehuen Co.
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Application of the SAF included stakeholder mapping, governance (institutional) mapping and issue
identification. During the participatory meetings with stakeholders and decision makers, the problem of
coastal erosion was identified as the most important in the region. The joint approach of DPSIR and SAF
contributed to: (i) the determination and description of the economic drivers of coastal erosion; (ii) the
identification of the associated activities and pressures; (iii) the assessment of the ecological and envi-
ronmental state of coastal areas; (iv) the assessment of impacts of environmental changes on human
wellbeing; and finally (v) a proposal of the possible management responses for mitigating the coastal

erosion problem and the sustainable development of the region to the responsible authorities.

© 2016 Published by Elsevier Ltd.

1. Introduction, context and scope

1.1. Importance of beaches, pressures and need for adaptive
management

Beaches are unique environmental systems where natural,
socio-economic and administrative components interact (Ariza
et al., 2008; James, 2000). They significantly contribute to human
welfare, providing many different valuable goods and services such
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as leisure and recreation, coastal defense, conservation, employ-
ment, cultural heritage and identity, nutrient cycling, habitat for
plants and animals (Marshall et al, 2014; Lozoya et al, 2011).
Beaches represent the most complex, dynamic and sensitive land-
forms of coastal environments (Dahm, 2003; Hansom, 2001) that
experience irreversible changes caused by natural and anthropo-
genic pressures. A high demand is placed upon beach resources to
meet the high expectations of tourists for leisure and recreation.
Seaside tourism is one of the fastest growing areas of the
contemporary tourism market (Hall, 2001; Holden, 2008; WTTC,
2014) that has significant environmental, cultural, social and eco-
nomic effects, both positive and negative (Ghulam Rabbany et al.,
2013). It is an important driver of socio-economic progress
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through export revenues, the creation of jobs and enterprises, and
infrastructure development (WTTC, 2014). However, if not properly
planned, tourism activities and associated urban development can
have destructive effects on biodiversity and pristine environments,
and consequently lead to the degradation of coastal resources
(Ghulam Rabbany et al., 2013). In turn, the degradation of coastal
resources compromises the delivery of many ecosystem services
crucial to human welfare and national economies (Dayton et al.,
2005).

The problem of environmental quality deterioration of coastal
zones as a consequence of high anthropogenic pressures is an issue
of worldwide concern (Brown and McLachlan, 2002; Brown et al.,
2014; Newton and Weichselgartner, 2014; Schlacher et al., 2008).
The most common problems of modern beaches include coastal
erosion, water and sand pollution, deterioration of coastal dunes
and harmful effects on biota (Brown and McLachlan, 2002; Calvao
et al, 2013). The importance of beach management for the pres-
ervation of coastal areas has been recognised by the municipalities
and local governments of coastal regions worldwide (Phillips and
Jones, 2006). Beach management has become a very important
component of Integrated Coastal Zone Management (Micallef and
Williams, 2002) and improving beach quality is a shared goal for
all stakeholders (Duvat, 2011).

1.2. Coasts and beach resorts of Argentina

Coastal areas represent 18% (about 515 000 km?) of the territory
of Argentina where 36% of population live (CIA, 2014; Rojas et al.,
2014). Intensive urban development of coastal regions exposes
these to natural hazards that in turn negatively influence human
wellbeing (Calo et al., 1998, 2005; Campuzano et al., 2013). Previous
studies show that there are many challenges for the management of
coastal areas in Argentina, but foremost is a lack of coastal man-
agement plans and established good practices (Fernandez et al.,
2006; Lemay, 1998). Both the anthropogenic activities associated
with tourism, infrastructures, industries, and non-anthropic effects
such as climate variability aggravate the erosion problem.

Coastal tourism is a very important activity in Monte Hermoso
and Pehuen Co, which developed based on beach tourism, hospi-
tality and tourist activities. These localities are the warmest beach
resorts in Argentina with relatively high water temperatures and
therefore are one of the best beach destinations for tourists from all
over the country (Huamantinco Cisneros and Piccolo, 2011) and are
centres of intense touristic development. The population increases
several fold during the prolonged 7 month beach season (London
et al,, 2013; Rojas et al., 2014). Monte Hermoso receives visitors
even in the low season with an average stay of 2—3 days (London
et al., 2012). These two sites were chosen for the study because of
the multiplicity of ecosystem services they provide and the crucial
importance of the ocean and coastal resources for the economy and
daily life of the inhabitants (London et al., 2012).

The study sites present both similarities and contrasts. Monte
Hermoso is a medium size town (about 6500 residents) with well-
developed infrastructure and accommodation units. It is the tourist
centre with the greatest growth and expansion in the southwest of
Buenos Aires province (Calo et al., 2000; Censo, 2010; Vaquero
et al., 2007). Tourists seek Monte Hermoso as a “sea and beach”
holiday destination (UNS, 2008). Pehuen Co is a small town (about
700 residents) known as “a forest beside the sea”. It is a low density
eco-tourism site with a fully preserved forested design of unpaved
street and low houses (Celsi and Monserrat, 2008; Rojas et al.,
2014). According to the surveys conducted by the Office of
Tourism of Coronel Rosales, “pursuing peace and nature” is the
main motivation of beach visitors. Despite these differences, both
sites share the same issues: coastal erosion, sustainability of the

artisanal fisheries and a rapid urban growth without urban plan-
ning. According to London et al. (2013), in Monte Hermoso and
Pehuen Co, the system will continue to be in danger of erosion if the
human intervention persists in the same way, i.e. a “business as
usual” scenario. There is an increasing need to address integrated
coastal and beach management in Monte Hermoso and Pehuen Co,
because the main source of income and economy of those areas is
based on “sun and beach” tourism (Celsi and Monserrat, 2008; Fiori
et al., 2004; London et al., 2013; Vaquero and Pascale, 2003).

1.3. DPSIR and SAF approach frameworks

The DPSIR framework, provides an overall mechanism for ana-
lysing environmental problems, with regards to sustainable
development (Borja et al., 2006). Despite several criticisms and
appreciations, the DPSIR frameworKk is still a useful tool (Gari et al.,
2015). The evolution of the DPSIR is traced from the Stress-
Response framework, developed initially by the Organization of
Economic Co-operation and Development (OECD) in 1993, but
modified and adopted later by European Environmental Agency
(EEA) in 1999 to its present form (Gari et al., 2015). The present
interpretation of the DPSIR framework links cause-effect relation-
ships among the 5 categories.

(i) Drivers function through social, demographic and economic
developments in societies and associated human activities
that exert pressures on the system.

(ii) Pressures (e.g. the changes in use of land and resources).
These pressures result in changes in the state of the
environment.

(iii) State reflects the level and trends of degradation and relates
to the current status of the environment and ecosystem that
determines the consequent ability to support demands
placed on it and to deliver sustainable ecosystem services to
the benefit of humans.

(iv) Impacts are effects of the changes in the state of ecosystem
and environment on human welfare (e.g. human life and
safety, public health and well-being) and society (e.g. econ-
omy and employment).

(v) Responses include management measures and societal at-
tempts to prevent, compensate, ameliorate or adapt to
changes in the state of the environment (e.g. policies, regu-
lations, adaptive management) (EEA, 1999).

The Systems Approach Framework (SAF) is a Decision Support
Systems (DSS), developed by the Science and Policy for Coastal
System Assessment (SPICOSA) project during 2007—2011 (http://
www.coastal-saf.eu/). The application of SAF starts from issue
identification (with consultation with stakeholders and managers)
and continues with four steps: system design, system formulation,
system appraisal and system output (Tett et al., 2011). The SAF
approach considers coastal zone as an integrated ecological-social-
economic system (Newton, 2012) and supports the efficiency of
decision-making processes. In turn, efficient management de-
cisions contribute to the improvement of the state of socio-
ecological systems with regard to sustainability, economical effi-
ciency, and social equity.

1.4. Objectives of the study
The objectives of this study are:
(i) to analyse the main economic drivers of coastal erosion;

(ii) to analyse the pressures derived from anthropogenic
activities;
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(iii) to assess the ecological and environmental state of the
beaches;

(iv) to assess the social-economic impacts of environmental and
ecological changes on human welfare;

(v) to suggest possible management measures and responses to
mitigate coastal erosion and to support the sustainable
development of these areas to the responsible entities.

2. Geographical setting and human geography of the study
sites

The study sites are two beaches that belong to the coastal towns
of Monte Hermoso and Pehuen Co, situated near the city of Bahia
Blanca on the Atlantic coast in the south of the Buenos Aires
Province in Argentina (Fig. 1). Bahia Blanca is the largest city of the
Southwest region of Buenos Aires Province, located in a strategic
position due to its availability of commodities, vast transport sys-
tem, its role as an energy supply node and the abundance of
qualified human resources (London et al., 2012).

Monte Hermoso and Pehuen Co are neighbouring coastal towns,
located along the E-W stretch of the coast, 20 km apart from each
other. Monte Hermoso constitutes a municipality by itself since
1979 (Calo et al., 2000) and Pehuen Co belongs to the Coronel de
Marina Leonardo Rosales Municipality. The coast between the two
towns is characterized by a long, dissipative, sandy beach with a
low slope that is backed by sand dunes. The area has a mesotidal
regime with semidiurnal tides (Delgado et al., 2012). There is no
evidence of sea level rise in the study sites, but analysis of tides
records have showed that the mean sea level rise for Argentina is
estimated in 1.6 mm/year from data starting in 1900 (London et al.,
2013, Bird, 2010).

Monte Hermoso and Pehuen Co are located in a temperate
climate zone of Argentina characterized by a temperate humid
subregion with scarce rainfall. The mean annual temperature is
13.6 °C and pressure of the region is 1017 hPa. The alternate in-
fluence of polar fronts and large air masses from the north gener-
ates significant variability in the weather conditions. The Atlantic

high-pressure centre originates a fan-shaped mass of warm and
moist air that enters in the continent from the NE. The Pacific an-
ticyclones originate winds, which have high moisture content but
which become cold and very dry when flowing across the Andes. In
the summer, these winds transport suspended dust that generates
a desiccant and erosive action. Prevailing winds are from the N and
NW with average speeds of 24 km/h (Perillo et al., 2014). The winds
from the sea cause significant coastal erosion.

The area located between the 17 km at the west of Pehuen Co to
the Eastern boarder of Monte Hermoso belongs to the Geological,
Paleontological and Archaeological Provincial Reserve that was
proposed for inscription to UNESCO World Heritage site in 2014.
The reserve has very special and unique characteristics and covers
an area of approximately 16, 2 km? along the beach (UNESCO,
2014). Outcrops of clayey rocks composed by fine grained sedi-
ments of a reddish-brown colour were revealed by the marine
ingression of the Holocene (Bayon et al., 2012; Rojas et al., 2014;
UNESCO, 2014). These include fossils and footprints of the
autochthonous fauna that inhabited South America during the Late
Pleistocene, before the Great American Biotic Interchange. Remains
of vertebrates such as birds, mammals, freshwater fish, amphibians,
reptiles can also be found, as well as megafauna. Among the most
remarkable are tracks of more than 90 cm long that can be seen
imprinted in the rocks of the beach. The first discoveries of mam-
mals were carried out in this area by Charles Darwin in 1832 and
were one of the inspirations for his ideas about evolution. Ancient
footprints of early humans from around 12,000 years old have also
been identified very near to Monte Hermoso (London et al., 2012).

3. Methods
3.1. Analytical frameworks
The analytical frameworks used in this study are:

(i) the Driver-Pressure-State-Impact-Response (DPSIR) frame-
work (Carr et al., 2007; Gari et al., 2015) and
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Fig. 1. Location map of Monte Hermoso and Pehuen Co in the Buenos Aires Province of Argentina (dash lines represent municipality borderlines and full lines represent roads).

Credits: Estefania Berninsone.
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(ii) the Systems Approach Framework (SAF) (Newton, 2012).

3.1.1. DPSIR framework

The DPSIR framework, the main method used in this study, was
adapted for beaches and applied using its main components. In this
particular study the sectoral economic drivers were considered.
The components of the DPSIR framework were assessed through
the comprehensive literature review on the socio-ecological system
in the study areas and through the consultation with stakeholders.
The reviewed literature included doctorate thesis, project's de-
liverables and articles of natural and social science perspective,
which were published in the international journals and national
institutional journals. The focus was on the coastal erosion and
associated effects on the environment and society. The interaction
with stakeholders allowed an identification of their vision on the
emerging issues and drivers related to the environmental chal-
lenges in the study areas. The combination of the scientific
knowledge and cooperation with the stakeholders allowed
formulation of the perspective management responses to mitigate
the coastal erosion issue.

3.1.2. SAF protocol

The SAF approach was applied in this study in order to support
the permanent dialog between governance, stakeholders, scientists
and society through formal and informal meetings (Hopkins et al.,
2011, 2012). The complimentary steps of the SAF approach were
used including (i) issue identification, (ii) stakeholder mapping and
(iii) governance (institutional) mapping. These steps are related,
because (i) this allows us to identify and focus on the problems that
are the most critical for the study areas; (ii) the involvement of the
appropriate stakeholders is a crucial step in any adaptive man-
agement and some stakeholders are “issue specific”, or more cen-
tral to one issue than another, which is important to co-develop
solutions and management responses for the issues; (iii) this allows
the identification of the institutions (e.g. local or regional govern-
ment) that are relevant to the decision-making regarding the spe-
cific policy issue identified (McFadden et al., 2010).

3.2. Stakeholder meetings

The present research was carried out within the COMET-LA
project (http://www.comet-la.eu/) following a participatory
approach with different stakeholders (SH) and decision makers
(DM) meetings held from January 2012—November 2014 at regular
intervals. Among the different groups of stakeholders who partic-
ipated in workshops were local government stakeholders (munic-
ipalities, tourism, industry and public works), local environmental
institutions, academic and education institutions, non-govern-
mental organizations (NGOs), and other stakeholders (e.g. radio
journalists, lifeguards and park rangers). The questionnaire surveys
were used during those meetings in order to assess the stake-
holders' perceptions regarding sustainability and state of coastal
areas under this study.

The major achievement of this approach was a high level of
commitment and recognition of the importance of such meetings
by both groups (SH and DM). Stakeholders meetings allowed (i)
discussion of conflicts, (ii) raising awareness of the crucial depen-
dence of users on ecosystem services provided by the coastal areas,
(iii) sharing knowledge and perceptions of ecological problems and
socioeconomic consequences (London et al, 2013). Moreover,
communication between different stakeholders during the work-
shops allowed integration of learning and decision making, which
is a defining feature of adaptive management (Williams and Brown,
2012).

4. Results
4.1. Issue identification

During the seminars and participatory workshops it became
clear that coastal erosion was the key environmental problem ac-
cording to most stakeholders in Monte Hermoso and Pehuen Co.
Hence, the issue of coastal erosion was identified as the main focus
of this paper. The results of questionnaire surveys as well revealed
that the loss of sand and chronic erosion were major problems in
Monte Hermoso and Pehuen Co. Coastal erosion as a result of the
geographical location is exacerbated by urban settlements (Bustos,
2012; Huamantinco Cisneros, 2012), and primarily affects socio-
ecological system of both study sites (London et al., 2013).

4.2. DPSIR framework applied to the coastal erosion issue in Monte
Hermoso and Pehuen Co

Application of the DPSIR (Driver-Pressure-State-Impact-
Response) framework allowed an assessment of the (i) drivers and
(ii) pressures of the coastal erosion issue, (iii) state of the ecosystem
and the environment, (iv) impacts on human welfare and society
and (v) proposal of the possible management responses to mitigate
the coastal erosion issue (Table 1).

The results obtained from the application of the DPSIR frame-
work revealed that tourism, along with construction and urban
development, are the main economic drivers of the coastal erosion
issue in both study areas. The associated human activities cause
pressures, among which are damaging and trampling of the dune
system, compression of soil, impermeabilization of surfaces, phys-
ical removal of sand and dunes, and obstruction of sand transport.
These pressures induced changes in the state of the ecosystem and
environment and resulted in beach and dune erosion, decrease in
sand quality and loss of beach surface, decreased capacity of soil to
store water, damages and decrease of coastal habitats, flora and
fauna. Changes in the ecosystem and environment effect human
well-being through the impacts associated with the reduced safety
and a danger to human life, reduce of drinking water, loss of
infrastructure and property, loss of cultural heritage, decreased
appeal for tourism, potential loss of jobs and income and
perspective collapse of region's economy. The possible responses
included regulations and adaptive management measures such as
restriction and regulation of the access to the beach, prohibition of
vehicular traffic, education and information, ecotourism, applica-
tion of coastal protection techniques, regulation of urban sprawl,
monitoring and sanctioning, etc. These results are discussed in the
following section.

5. Discussion
5.1. Driving forces of coastal erosion problem

5.1.1. Seaside tourism (economic driver)

The growing popularity of seaside tourism in the study areas
influenced a rapid development of coastal areas and resulted in the
expansion of the population level due to the influx of tourists and
people who wish to live near the beach. According to the stake-
holders, the affluence of tourists has become more constant along
the whole year. Overcrowding and improper use of coastal re-
sources causes environmental changes including coastal erosion
and, moreover, it effects human welfare (Gossling, 2002). The cur-
rent laws in this region do not promote sustainable tourism (Rojas
et al., 2014a). According to Dadon and Matteucci (2002), the main
cause of observed human impact is the proliferation of activities
derived from tourism without proper planning. The resulting
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Table 1
DPSIR framework applied to assess the coastal erosion issue in Monte Hermoso and Pehuen Co (Argentina).
Drivers Pressures State Impact Responses
Tourism Damaging and Erosion of dunes; Potential loss of life due to the effects of storms; Restriction of the access to certain areas of

trampling of the dune Decreased

system; vegetation;

Compression of soil.
of birds;

habitats;
Decreased
capacity to store
water.

water).

Construction and Physical removal of
urban sand and dunes;
development  Physical obstruction of quality;

sand transport;

Impermeabilization of and beach

surfaces. surface;
Decrease of
vegetation and
fauna.

Loss of the infrastructure;

Loss of the access to the certain sectors of the beach;
Decreased nesting Loss of the hospitality and private property;

Loss of jobs in tourism sector;

Decrease of dune Deterioration of freshwater resources (contamination or
deterioration of water storage wells and clean drinking

Erosion of dunes; Decreased safety of bathers due to change in beach
Decrease of sand morphology and increased rip currents;

Loss of the infrastructure;

Decrease of sand Loss of the hospitality and private property;
Decreased appeal as a tourist destination;

Loss of income and potential collapse of region's economy; extraction of sand through municipal
Loss of jobs in the tourism sector;
Potential loss of the unique heritage.

the beach;

Restriction of the recreation on dunes;
Prohibition of vehicular traffic over the
beach and dunes;

Education and conservation;

Promotion of ecotourism and development
of ecotourism plans;

Application of coastal protection measures,
preferably soft.

Regulation of urban sprawl and urban
planning;

Application of coastal protection measures,
preferably soft;

Monitoring, control and sanctioning of

ordinances;
Protection of unique cultural heritage by
guarding and restricted access.

pressures increase beach and dune erosion and hence coastal
degradation.

5.1.2. Construction and urban development (driver)

Urban development in the study areas included construction of
tourism, industrial and transportation facilities. The building of
infrastructure, construction of hotels and private property close to
the beach caused decrease in beach surfaces and disappearance of
dunes. This happened due to the lack of the urbanization plan in
Monte Hermoso or Pehuen Co (London et al., 2012; Rojas et al,,
2014). The Provincial Law for Territorial Order and Use of Land
(N°8912), which was in force from 1977 to 1999, prohibited
building only behind 100 m from the tide line. Later in 1999, the
Water Code (Law 12,257) prohibited building in a line of 150 m
from the ocean. Provincial decree N23202 that defined a defense
band of 250 or 300 m from the foot of the dune, limiting the in-
crease of towns over the beach (London et al., 2012) was estab-
lished only in 2006.

Although there are no large touristic enterprises, both towns
have a high number of facilities to receive tourists, such as hotels,
aparthotels, and private house renting, camping, and restaurants. In
Monte Hermoso, the problem of beach erosion is closely related to
the urbanization (Huamantinco Cisneros, 2012). Construction of
buildings for tourism activities represents a secondary source of
income, where 74% of dwelling houses are second homes built
during the last decades (London et al., 2012). In Pehuen Co, the
western and central zones suffer from erosion due to the building of
infrastructure and private property on the vegetated front dunes
which interrupts the dynamics of sand between dune and sea
(Bustos et al., 2011; Perillo et al., 2014).

5.2. Pressures emerging from the driving forces, which influence
coastal erosion

5.2.1. Pressures associated with tourism activity

Beaches in Monte Hermoso and Pehuen Co are open access re-
sources that are regulated by the government. This means that
there is open public access and use of the beaches and dunes (Rojas
et al., 2014). Tourists access the beach over the dunes and disperse
for sunbathing and recreation. Coastal dunes attract visitors as they
provide good view points and sun shelters. Recreational use of
dunes results in higher soil bulk density due to compaction and
reduced organic matter (Priskin, 2003). Increased pressure through

the foot access to the beach over the dunes by visitors and
sunbathing on the dunes increases trampling and damage to the
dune systems (Davenport and Davenport, 2006).

Another common issue in the study areas is the vehicular access
and traffic over the beach and dunes. The effect of off-road vehicles
(ATVs) on the beach system is similar to human trampling but is
much more severe (Priskin, 2003). Although it was locally pro-
hibited in Monte Hermoso in 2006, cases of uncontrolled car traffic
still occur. On the contrary, Pehuen Co allows vehicular traffic on
the beach except in the summer period (within the urban sector)
and in the archaeological reserve areas (Rojas et al., 2014). On
weekends, average of 300 vehicles per day access the beach (Perillo
et al., 2014). Vehicles compact the sand at depth, but loosen the
surface of the beach, making it more susceptible to wind and wave
erosion (Webb and Wilshire, 1983). Furthermore, the traffic of off-
road all-terrain vehicles (ATVs) such as quad bikes is another very
common activity and important issue in both towns. For instance,
the “Enduro de Monte Hermoso” event is a large race of ATVs over
the dunes and beach, which is organised annually in Monte Her-
moso. More than 300 vehicles participated in the 2015 race (Monte
Hermoso, 2016). The deep tread of the tyres of the ATVs, useful for
stability, causes damage to the environment, especially to fragile
coastal dunes. The traffic of ATVs leads to the physical displacement
and compression of sediment (Davenport and Davenport, 2006; Li
et al, 2007; Schlacher and Morrison, 2008). Additionally, the
tractors that fishermen use to take their boats to the sea have a
destructive effect on the dunes and beach. Tourism not only brings
a major demand for the fish but also provides a complementary
economic activity: sport fishing. Traffic greatly increases during
summer season when both activities (tourism and fishery) reach
their peak.

5.2.2. Pressures associated with construction and urban
development

The coastal zones of Monte Hermoso and Pehuen Co are subject
to a high pressure from the construction of buildings and infra-
structure on the beach and dunes (Fernandez et al., 2006;
Huamantinco Cisneros, 2012; Rojas et al., 2014). The construction
of houses in front of the coast continues. The cultural rule of these
beaches is that the tourists (or residents) want to be very close to
the beach. The responsible authorities stated that of the 355 per-
mits that were given for the construction of buildings in Monte
Hermoso in 2015, 320 (90%) were for new buildings, and the
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remaining 35 (10%) were for rebuilding and enlarging existing
structures. The physical removal of sand and vegetation cover, the
obstruction of sand dune dynamics, soil compaction from buildings
and impermeabilization of the land surface by means of paving are
responsible for frequent landslides, destabilisation and coastal
erosion (Foster et al., 1999; Kondolf and Podolak, 2014).

5.3. State of the environment

The destructive human activities associated with tourism, con-
struction and urban development in Monte Hermoso and Pehuen
Co result in environmental degradation of the coastal areas (Del
Pozo and Brondolo, 2002; Huamantinco Cisneros, 2012; Laura
Monserrat et al., 2012).

A study on the erosion and sediment balance during 2008—2011
in Monte Hermoso showed that the urbanised sectors were the
most effected by coastal erosion due to the replacement of dunes by
buildings (Huamantinco Cisneros, 2012). The recent analyses of the
volumetric and geomorphologic changes of the beach sector,
located west of the urban area, have indicated a significant change
due to atrophic interventions. For the period 2013—-2015, the
sediment loss of —49, 6 m®> m~! year was indicated, with the
maximum loss of 120, 8 m® (Huamantinco Cisneros et al., 2015). The
shape of the dune has been reduced and it may soon completely
disappear. Human pressures on the western sector of the beach are
lighter. However, there is significant sediment loss, mostly related
to the strong winds. Storm events in 2008 led to a sediment loss
of —120.4 m® (Huamantinco Cisneros, 2012). The central sector of
the beach seems to be relatively stable to coastal erosion processes.
However, the removal of dunes in order to build a boulevard caused
the loss of sand that was used to nourish the beach (NuestroMar,
2015).

A study of the beach geomorphology and dynamics during
2007—2010 in Pehuen Co revealed that almost the entire beach of
Pehuen Co is susceptible to erosion (Bustos, 2012). Between 1974
and 1996, the coast of Pehuen Co suffered from erosion and lost
between 2 and 5 m of shoreline per year. Significant beach erosion
continues (NuestroMar, 2015). The western and central zones of the
beach are the most urbanised and vulnerable to coastal erosion. The
last available results of the measurements of the coastal dynamics
showed that the annual variation of sediment of the urbanised area
of the beach in 2007—2010 was —20.3 m>. A negative sediment
balance of maximum 18.4 m? occurred in 2007—2008 and major
rates of sediment loss (up to —60 m>) were recorded during the
winter 2008 (Bustos et al., 2011; Bustos, 2012). Moreover, the
construction of the coastal road on the dune damaged the vege-
tation cover of tamarisk (Tamarix gallica). The eastern zone of the
beach is less vulnerable, with a moderate risk of coastal erosion.
This is due to less urbanization close to the first line of dunes and
rare predominant winds, which could cause erosion. However, the
front beach lacks sediment. The reserve zone of the beach is least
vulnerable to erosion, because of much lower anthropogenic
pressures. Despite the general tendency to accretion, some parts of
the outcrops and fossils are uncovered and exposed to marine
erosion that makes this area also vulnerable (Bustos et al., 20093,
2011; Bustos, 2012).

5.4. Impacts on human welfare

Damaged coastal dunes and reduction of the beach surface in
the study areas make these coasts more vulnerable to erosion, and
to the risks of over-wash and flooding (Bustos et al., 2009b; Laura
Monserrat et al., 2012). The potential drastic consequences of se-
vere storms and flooding include loss of life, loss of infrastructure
(roads, access paths to the beach etc.), loss of private property and

hospitality buildings. This is an important threat to Monte Hermoso
and particularly to Pehuen Co, because the erosion of the dune
reduces the beach and increases the risk of collapse of houses and
touristic buildings near the coast (Bustos et al., 2009b). Addition-
ally, the dune retreat in Pehuen Co has led to the closure of the
coastal avenue and commerce near the sea, with the consequent
negative impact and loss of the tourism revenue. Although the
economic losses from coastal erosion have not been officially esti-
mated at both study sites, there is a yearly impact of coastal erosion,
such as loss in private capital and cultural value of the Reserve
(Rojas et al., 2014).

Moreover, the beaches in Monte Hermoso and Pehuen Co have
become more dangerous because of the environmental changes
(creation of sandbars and channels) caused by joint effects of
intensified winds and storms and anthropogenic activity. The in-
crease of the rip currents, sandbars and sandbanks puts the safety
of beach users at risk by increasing the risk of drowning (London
et al., 2012; Rojas et al., 2014).

Another important issue in the study areas are a decreasing
water storage potential and nutrient cycling due to the compaction
and deterioration of soil by human activities (ATVs, sand mining).
This can lead to the contamination of groundwater and surface
water and subsequently impact the provision of clean drinking
water (McLachlan and McGwynne, 1986; Soane and Vanouwerkerk,
1995).

Furthermore, the degradation of beach quality would conse-
quently reduce the appeal for tourism, lead to the loss of the jobs,
income and livelihood, and an eventual collapse of the region's
economy. These problems are particularly relevant for the study
sites, since the livelihood of most residents depends on beach
tourism.

5.5. Management measures and responses by the responsible
authorities

The governance mapping (SAF) and application of the DPSIR
approach allowed the identification of possible management
measures and responses to mitigate the coastal erosion issue in the
study areas. The proposed management solutions and responsible
authorities (e.g. national and local governments, other stake-
holders) are presented in Table 2 and discussed below.

5.5.1. Regulation of the access to the beach

In the vulnerable areas, the access to certain areas of the beaches
can be restricted to beach users in order to prevent the damage by
trampling of the dunes and protect the threatened coastal dune
vegetation. Additionally, the number of access points should be
limited and their location should preferably be in the areas that
have the greatest carrying capacity of visitors, or where the dunes
are absent or bare, in order to avoid further damaging of the dune
system (VanderMeulen and Salman, 1996). Most importantly, the
construction of elevated wooden walking paths through the dunes
mitigates sand erosion and prevents plants from the damage. The
notice boards and signs to raise public awareness can be placed
next to the walkovers to encourage people to use these and avoid
cutting across other dune areas, thereby avoiding damage to the
dune vegetation. Such measures are usually very successful, if the
walkways are installed at the correct access points. They improve
the access, as walking on the boards is easier than walking in the
sand, and are readily adopted by the public.

5.5.2. Restriction of the recreation on dunes

Notice boards to raise public awareness of damage to the dunes
can be placed as a first measure. If this is insufficient, fencing of
dunes to prevent recreation on them can follow. Finally, recreation
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Table 2

Management responses for mitigating the coastal erosion issue in Monte Hermoso and Pehuen Co (Argentina).

Management actions

Responsible authority

Regulation of the access to the beach

Restriction of the recreation on dunes

Prohibition of vehicular traffic over the beach and dunes

Regulation of urban sprawl and urban planning

Education and information

Promotion of ecotourism and development of ecotourism plans

Monitoring, control and sanctioning of sand extraction

Application of coastal protection measures

Protection of unique cultural heritage

Ministry of Infrastructure and under-secretary for Public Works;
Secretariat for Works and Services.

Provincial Organism for Sustainable Development;
Secretariat for Works and Services.

Provincial Organism for Sustainable Development;
Secretariat for Works and Services;

Naval Prefecture of Argentina;

Secretariats of tourism.

Ministry of Federal Planning, Public Investment and Services;
Provincial Organism for Sustainable Development;

Ministry of Infrastructure and under-secretary for Public Works;
Provincial Office for Hydraulic;

The Provincial Office for Mining;

Secretariat for Works and Services.

Ministry of Science, Technology and Innovation;

Provincial Organism for Sustainable Development;
Secretariats of Tourism;

Academic, scientific and education institutions;

NGOs;

Families.

Ministry of Tourism;

National Institute for the Tourism Promotion;

Provincial Organism for Sustainable Development;
Secretariats of Tourism;

Park rangers and sustainable tourism actors;

NGOs.

Under-secretary of Industry, Trade and Mining;

Provincial Office for Mining;

Secretariat for Works and Services.

Ministry of Infrastructure and under-secretary for Public Works;
Safety Ministry;

Provincial Organism for Sustainable Development;

Provincial Office for Hydraulic;

Secretariat for Works and Services;

Academic, scientific and education institutions.

Ministry of Tourism;

Provincial Organism for Sustainable Development;

The Provincial Nature Reserve;

NGOs.

on the dunes themselves (e.g. sunbathing, picnic) could be pro-
hibited and fines might be charged for breaking this rule.

5.5.3. Prohibition of the vehicular traffic

More regulation and control to restrict vehicular traffic on the
dunes and beach is necessary. A first measure can be a charge for
beach access. The price can be increased to test the “willingness to
pay” and eventually vehicular access and traffic could be prohibited
along the entire beach area and within the coastal dunes. Excep-
tions can be applied for those vehicles that are necessary for
cleaning, repair, public safety, and for local or state authorities, or
for disabled access. The limitation of the vehicular access should be
accompanied by the provision of free parking, so that those who
choose to leave their vehicles can park them in a pre-designed area.
Planting trees for shade makes these areas more attractive and
boosts the vegetation cover. The parking should not be an imper-
vious surface. The parking areas should also coincide with the
boardwalk access points, the provision of toilets and refreshment
facilities. Regarding the damage caused by the artisanal fishing
activities, the launch sites for boats should be in specific places of
the beach in order to reduce the impact on the dunes and the beach.
The creation of a paved road linking both towns will also reduce the
illegal beach transit between Monte Hermoso and Pehuen Co.

5.5.4. Regulation of urban sprawl and urban planning
A strategic urban plan that considers the coastline characteris-
tics would minimize impacts on the natural environment.

Regulations that control the building heights and setback of lines
for construction activity should be enforced in order to control
urban sprawl and stop the urban spread over the beach. Con-
struction on the dunes and beach should be totally prohibited.
Regulations for urban planning can help to reduce impervious
surfaces, minimize erosion processes and to decrease impacts on
coastal communities. Additionally, new techniques of urban plan-
ning (e.g. GIS) and environmental management should be encour-
aged to achieve effective actions to tackle the urban sprawl.

5.5.5. Education and information

Education and information for public awareness raising is one of
the most important, affordable and effective aspects of long-term
management. Because the damage to dunes usually arises from
human activities, environmental education and information aims
to improve the awareness of beach-user to change their attitudes
and behaviour that contributes to the sustainable use of dunes and
beach in future. Community-based partnerships for dune restora-
tion are very effective. Additionally, there are various other effective
ways of providing information to visitors, such as information
panels, establishment of visitor centres, dissemination of leaflets,
brochures, maps and audiovisual presentations. Moreover, envi-
ronmental education programmes in schools are an excellent
method for educating the younger generations about coastal en-
vironments (Dahm et al., 2005; VanderMeulen and Salman, 1996).
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5.5.6. Promotion of ecotourism and development of ecotourism
plans

During the regular meeting with stakeholders, there was a
notable lack of knowledge regarding the potential for ecotourism in
both study areas. Evidence of this are the ENDURO event in Monte
Hermoso and large amounts of solid waste and litter on the beaches
(Rojas et al., 2014). Ecotourism is now defined as “responsible travel
to natural areas that conserves the environment, sustains the well-
being of the local people, and involves interpretation and educa-
tion” (TIES, 2015). Education is meant to be inclusive of both staff
and guests. Progress can be made through raising awareness about
the necessity of more ecologically friendly tourism, as well as the
promotion and implementation of ecotourism plans to mitigate
ecological problems and to improve the natural characteristics of
the beaches.

The ecotourism programmes should be co-developed by the
stakeholders to incorporate interaction and education about local
natural and cultural heritage that would contribute to the preser-
vation of the natural environment while enhancing of the welfare
of local people. Common ecotourism activities that could be
effective in the study areas include seaside tourism, guided walks
through national parks and natural reserves, bird-watching
(approximately one thousand bird species have been identified in
Argentina), eco-biking, archaeological and paleontological tourism.

5.5.7. Monitoring, control and sanctioning

Sand extraction is regulated by municipal by-laws in Pehuen Co
(Decree N° 12/07) and in Monte Hermoso (N° 443/88). However, the
illegal extraction of sand occurs in unauthorized sectors using
heavy machinery (Rojas et al., 2014). The extraction of sand to
supply the construction industry should be carefully monitored and
knowledge-based on the proper investigation of local morphologic
conditions in order to avoid habitat disruption and aggravation of
erosion problems.

Ostrom (2010) shows that a series of decision and action points
could coexist in a complex system, without entailing chaos. The
decentralization in the management of some common-pool re-
sources (e.x. the sand) helps communities to have an accurate
control over the use and extraction, since the local knowledge on
the resource and on the actors' behaviours permits implementation
of more efficient mechanisms in monitoring and sanctioning. The
implementation of polycentric governance requires that moni-
toring, control and sanctioning of extraction of sand through
municipal ordinances be enforced. Finally, a law prohibiting the
extraction of sand for commercial purposes from the beach zone
could be enacted. Additionally, wardens to patrol the beach zone
can be entrusted with greater authority to reduce illegal extraction
operations (Gelabert, 1977).

5.5.8. Application of coastal protection measures

Coastal protection methods, such as hard and/or soft measures
can be used for dealing with erosion problems. The hard measures
include infrastructural designs and long-term investments such as
seawalls, dikes, breakwaters and other coastal protection infra-
structure (Sekovski et al., 2012; Semeoshenkova and Newton,
2015). Soft techniques, such as beach and dune nourishment,
dune restoration and stabilisation, bioengineering, fencing and
other non-structural measures mitigate coastal erosion without
harmful effects to the ecological status of beaches and human
welfare, and are preferable for conservation and economic reasons.
The application of hard/soft measures should be supported by
appropriate knowledge, and followed by an environmental impact
study and an assessment of effectiveness (Semeoshenkova and
Newton, 2015).

5.5.9. Protection of unique cultural heritage

The protection of the unique Geological, Paleontological and
Archaeological Provincial Reserve is critical. Raising public aware-
ness about this important and unique site through education and
dissemination of information can significantly contribute to the
protection and conservation of this ancient heritage. Educational
visits and guided tours, especially for the young, future citizens,
should be actively promoted. Protection can be further boosted by
regular patrolling and by restricting the access to the beach zones
where the footprints, fossils and natural outcrops are located.

5.6. Governance (institutional) mapping, defining the
responsibilities related to management actions for mitigating
coastal erosion issue in Monte Hermoso and Pehuen Co

In Argentina, there are 3 levels of political jurisdictions
responsible for legislation regulating actions and resources: na-
tional (government), provincial (ministries) and local (the munic-
ipalities). The national governance institutions related to erosion
management and sustainable development are the Ministry of
Federal Planning, Public Investment and Services responsible for
land uses for building and uses of resources; the Ministry of Sci-
ence, Technology and Innovation; the Ministry of Tourism, which is
also responsible for the management of national parks. There is also
a decentralized institution, the National Institute for the Tourism
Promotion, which implement projects and plans for the sustainable
and competitive development of the domestic tourism. Addition-
ally, the Safety Ministry has some influence, since it has the re-
sponsibility in facing the consequences of strong storms, floods or
other natural disasters. The Naval Prefecture of Argentina (PNA)
depends on this Ministry and has the policy power to control
coastal traffic in the localities under study.

At the provincial level, the Ministry of Infrastructure and under-
secretary for Public Works and the Provincial Office for Hydraulics
are in charge of analysing possible solutions for water and coastal
erosion problems. The Provincial Office for Mining (depending on
the Under-secretary of Industry, Trade and Mining and the Ministry
of Production, Science and Technology) is in charge of monitoring
the use of sand in coastal zones. Another important authority is the
Provincial Organism for Sustainable Development (OPDS),
responsible for environmental policy. It aims to guarantee the
sustainable and correct management of the environment, the
preservation of biodiversity and the implementation of sustainable
development planning (London et al., 2012).

At the local level, there are the municipal governments of Monte
Hermoso and Coronel de Marina Leonardo Rosales. The secretariat
for Works and Services controls the management of natural re-
sources, as long as it is involved in urbanization planning and the
control of public services. The Chamber of Commerce and Industry
of Monte Hermoso and the Chamber of Commerce and Tourism
Development of Pehuen Co regulate the commerce, hotels and
restaurants. Additionally, in both municipalities there is a secre-
tariat or office of tourism, committed to promote, supervise and
execute planning destined for developing sustainable tourism.
Moreover, stakeholders are grouped in informal organisations as
lifeguards, volunteer fire brigade, rangers, the Rotary Club of
Pehuen Co, the Residents Association “Amigos de Pehuen Co”,
amongst others (London et al., 2012).

A tiered (local-municipal-provincial-national) governance sys-
tem may impede the execution of the prompt and proper decisions
due to the lack of sufficient interactions between the different in-
stitutions. The complexity of the governance system leads to the
overlapping of mandate areas and duties of different governmental
levels and legal framework. Some institutional problems are
derived from this, as revealed in the study. These include: (i) the
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difficulty encountered by the stakeholders in order to observe
correctly rights, obligations, and prohibitions, as well as the orga-
nization responsible for certain actions (control, sanctioning,
managing); (ii) the increasing space to conduct lobbying activities
or show opportunistic behaviours; and, (iii) the ease with which
governmental organizations to disregard their obligations, as the
control of sand extraction.

Unfortunately, the two resorts belong to different municipalities
that may not share the same priorities and may not cooperate to
resolve joint problems. Additionally, the conflicts between local
and central government administrators can occur due to the dif-
ferentiation of responsibilities for decision making. For instance, it
was remarked by stakeholders in Pehuen Co that the authorities do
not know the real problem of coastal erosion, because the decision-
makers live far away from the area and don't conduct observations
of the coast (London et al., 2012). Thus, there is a large lag-time
between the identification of the problem by the actors experi-
encing it (local) and the decision by the responsible authorities
(provincial, central). Such a drawback in the management process
was also highlighted in some European studies. For example, in
Spain the municipalities are the main ‘victims’ of erosion-induced
problems, however, actions to solve or counteract these are
designed and executed at different administrative levels, which
complicates the problem resolution (Ariza et al., 2008a). Therefore,
for the success and timeliness of the management decisions it is
very important to build an efficient communication and coordi-
nation between local managers and central government. Good
communication between the different managers and continuous
improvement of the knowledge about local processes is pivotal.
Additionally, the establishment of new informal institutions (e.g.
NGOs) can be very useful for improving the delivery of the personal
initiatives to the different levels of governance (Bowles and Gintis,
2002) and encouraging public involvement and participation rather
than resistance.

6. Conclusions

The objectives of the study were fulfilled by the scientist-
stakeholder cooperation. This resulted in an analysis of the
coastal erosion issue, a better understanding of the interactions
between drivers and pressures, as well as the consequent effect on
the state of the environment and impacts on human welfare, and
finally the identification of possible management responses and the
responsible authorities.

(i) the main economic drivers of the erosion induced problem in
both study areas were identified as tourism, construction and
urban development;

(ii) the main pressures derived from the associated human ac-
tivities (i.e. recreation on dunes, ATVs traffic, construction on
dune) included trampling and damaging of dune system,
compression and impermeabilization of soil, physical
removal of sand and obstruction of sand transport;

(iii) a significant change in the ecological and environmental
status was detected in both study areas. This included
damaged and eliminated dunes, significant plant cover
reduction, biodiversity loss, significant loss of sediment and
accelerated erosion, particularly in urbanised sectors;

(iv) environmental and ecological changes impacted the socio-
economical representation of both study areas and effected
human welfare, which resulted in collapse of houses and
tourist building near the coast, loss of beach surface for
recreation, reduced safety of beaches. The potential impacts
were identified and included a loss of unique cultural heri-
tage, as well as loss of tourism appeal in both towns, with

associated loss of jobs and a potential collapse of the local
economy;

the possible management responses were proposed and the
responsible entities were identified. The responses include
the regulation of the access to the beach, restriction of rec-
reation on dunes, prohibition of vehicular traffic, regulation
of urban sprawl and proper planning, public education and
information, promotion of ecotourism, monitoring and
sanctioning of illegal sand extraction, application of coastal
protection measures and protection of unique cultural
heritage.

(v

—

The outcomes of this study can serve as a basis for building an
appropriate governance and management response that would
include a co-designed development plan. This approach can be
used for the further research on existing socio-ecological problems
in the study region and identification of the management priorities.
Suggested management recommendations for mitigating the
coastal erosion issue are widely applicable, however they should be
adapted for local specifics.
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