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Abstract. In this paper a Coastal Dune Vulnerability Index (CDVI) has been applied on a
beach located in the eastern side of Sdo Francisco do Sul Island (Brazil). The aim of this study
is to assess the vulnerability of a coastal dune system and to identify the areas that result most
sensitive to environmental changes. The CDVTI has been applied along six transects traced out
on two sectors that have been selected based on dune characteristics: Zone A is characterized
by well developed parabolic dunes, whereas Zone B is characterized by transverse dunes. The
analysis involved 51 quantitative and qualitative variables, divided into five groups:
geomorphological dune system condition, marine influence, Aeolian effect, vegetation
condition and human effect. The total CDVI was computed as the unweighted average of the
partial vulnerability indices. In summary, the total vulnerability can be classified as medium:
the geomorphological factor must be monitored at Grande beach, in particular the blowouts in
Zone A and the frontal dune retreat in Zone B. The results of the study confirm that the
management of coastal areas might be improved using a tool such as the CDVI, which can be
easily applied on a regular basis to take under control the factors that mostly affect the
evolution of the site.

1. Introduction

Coastal areas have always exerted a great attraction to humans due to economic, social or recreational
reasons. Being highly valued social environments that are accompanied by a high risk to extreme
weather conditions, they are in need of an aware management and conservation [1, 2]. According to
the IBGE, in 2011 about 50.7 million Brazilians occupy coastal areas or areas near the coast, which
corresponds to 26.6% of the inhabitants of the entire country. Moreover, the intensity of tropical and
extratropical storms will increase in the next decades adding up to climate change and rising sea level,
making the coastal areas extremely vulnerable [3, 4]). The northern coast of Santa Catarina is not
known historically for recurrent natural disasters such as cyclones or frequent and intense storms.
Regardless, it is already experiencing serious environmental problems such as coastal erosion,
degradation of the dunes, urbanization, pollution and loss of biodiversity. However, assessing the
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environmental vulnerability in disturbed areas can provide important short-to-medium term
information. Currently, there are many models and tools to assess coastal vulnerability that differ in
complexity, scales and in their outputs [5]. The most commonly used are index-based or indicator-
based approaches including related GIS applications, decision support systems and computer models
(ETC-CCA [6]). In literature, the concept of vulnerability is associated with the tendency or the
predisposition to be negatively affected by natural or anthropogenic factors (IPCC [4]), while system
resilience adapts to these conditions [7]. The aim of this work was to apply a Coastal Dune
Vulnerability Index (CDVI) on a dune field formed in oceanic environment following the index
proposed by Ciccarelli et al. [8] for the Mediterranean coasts. The results of the study further suggest
that assessing the vulnerability of coastal dune systems with an easy to use instrument as the CDVI
might be a valuable support to improve the management of coastal areas, in particular those subjected
to erosion issues.

2. Study areas

Sao Francisco do Sul Island is located in the northern portion of the state of Santa Catarina, southern
Brazil (Figure 1). The climate is mesothermic (Cfa) in accordance with the classification of Koppen
[9]; the annual rain precipitation is comprised between 1000 and 1500 mm, while the annual average
temperature ranges between 16 and 20°C, [10]. The most frequent wind direction is from SW,
subordinately from NE and S. The predominant wave directions are from SE and E. The tidal regimen
is mesotidal, ranging on average between 1.3 mand 1.9 m [11].

Brazil

Santa
Catarina

0 75150 m

Figure 1. Geographical localization of Sdo Francisco do Sul Island. Middle and right maps represent
the detail of Zone A and Zone B; the progressive numbers associated to the orange lines point out the
transects where the CDVI have been calculated

The evaluation of the vulnerability index has been done on two sectors (Zone A and Zone B) of the
largest beach on the island, Grande beach (Figure 1). These sites are located toward the northernmost
(Zone A) and the central (Zone B) portion of the beach, which are characterized by two different dune
types: parabolic dunes prevail in Zone A, whereas transverse dunes are predominant in Zone B.
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Another relevant difference between the two areas is the human impact: Zone A is strongly affected by
urbanization, while Zone B is more preserved. Both sites are encompassed within the limits of the
Acarai State Park (Figure 1). As a matter of fact, this specific area has been selected because of its
naturalistic relevance, being considered as the largest remaining sector of Santa Catarina characterized
by the restinga vegetation, which is in extreme need of biodiversity conservation [12].

3. Methods

The CDVI was calculated according to the protocol for the Mediterranean coasts proposed by
Ciccarelli et al. [8], which was modified after Garcia-Mora et al. [13] to meet the needs of local
features. To adapt the CDVI to the oceanic setting, length and distance measures have been expressed
in kilometers rather than meters. A total of six transects perpendicular to the coastline were traced out
on two separate sectors (Zone A and Zone B) along Grande beach (Figure 1). The transects were
spaced 1 km and started from the shoreline to the woody vegetation. The CDVI was calculated taking
into account 51 quantitative and qualitative variables distributed in five greater groups:
geomorphological dune system condition (GCD), marine influence (MI), aeolian effect (AE),
vegetation condition (VC) and human effect (HE). To calculate the index, each variable was
associated with a five-point scale, ranging from 0 (no vulnerability) to 4 (very high vulnerability). In
each group, the sum of the variables was divided by the sum of the maximum achievable rating within
each group, thus generating a partial index expressed as a percentage, classified in four categories: 1)
CDVI < 0.25 = low risk; ii) 0.25 < CDVI < 0.5 = medium risk; iii) 0.5 < CDVI < 0.6 = high risk; iv)
CDVI > 0.6 = very high risk (following Garcia-Mora et al. [13]). The final CDVI was calculated on
the unweighted average of the five partial indices through the algorithm: CDVI = (GCD + MI + AE +
VC + HE)/5.

4. Results and discussions

The resulting total CDVI values calculated along each transect do not show any significant difference
between Zone A and Zone B and within both zones separately, ranging from 0.42 to 0.49 (Table 1).
Based on this outcome, the total vulnerability of the sites can be classified as medium risk.
Considering each parameter separately, no major differences can be observed as well. Only HE shows
a clear separation comparing Zone A (0.35) with Zone B (0.14), thus implying that human activity is
affecting less the southern sector rather than the northern one, which is actually closer to the village
Praia Grande. Another exception is represented by the AE value along transect 1, which is lower
relative to the other transects of Zone A (0.16 to 0.33): being the transect closest to the promontory
located on the northern edge of the island, it might be affected by a partial screening of the wind
(Abreu [14)).

Table 1. Partial and total CDVI values for each transect

Partial vulnerability Total

Zone Transect GCD M AE Ve HE vulnerability
0.67 0.59 0.16 0.48 0.35 0.45
A 2 0.78 0.51 0.33 0.47 0.35 0.49
3 0.78 0.51 0.33 0.38 0.35 0.47
Average 0.74 0.53 0.27 0.44 0.35 0.47
0.78 0.55 0.33 0.30 0.14 0.42
B 5 0.71 0.57 0.50 0.44 0.14 0.47
0.71 0.59 0.50 0.44 0.14 0.48

Average 0.73 0.57 0.44 0.39 0.14 0.45
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The radial plots show the impact of each parameter along the transects (Figure 2). Each axis of the
plot corresponds to a vulnerability class. The vulnerability of the site is directly proportional to the
surface of the radial plot: the larger the surface, the most vulnerable is the site. The parameter showing
the highest CDVI values is GCD: along each transect the GCD is over 0.6, which means that the
vulnerability is classified as very high risk. Zone A and Zone B present almost identical values on
average (0.74 and 0.73 respectively); the lowest value (0.67 along the northernmost transect, that is
transect 1) is likely a consequence of the modification on wave dynamics produced by the northern
promontory as for the wind (Abreu [14]).
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Figure 2. Radial plots showing partial CDVI values for each transect

The importance of the geomorphological factor on the area is obviously related to the ongoing
erosion processes the beach is subjected to. As a matter of fact, the parabolic dunes characterizing
Zone A show several large blowouts and the erosion of the frontal dune, which at times generates a
steep scarp at the transition between the backshore and the dunes. The transverse dunes in Zone B are
widely covered with fixed vegetation and do not show any blowout, but they are subjected to a strong
erosion of the frontal dunes alike the dunes in the northern sector. The only other parameter whose
CDVI values cross the threshold of 0.5 is MI (Table 1), but still is subordinate to the influence of
GCD. GCD and MI parameters are both connected to wave and sea processes, which are relevant
especially on an oceanic setting like Grande beach at S&o Francisco do Sul Island. Therefore, the
higher energy of the oceanic environment might be responsible of the GCD parameter dominance on
this site.

5. Conclusions

The application of the CDVI along Grande beach enabled to assess the vulnerability of two sectors of
a coastal dune system at S3o Francisco do Sul Island. As a result, the total vulnerability for this site
can be classified as medium: in particular, the geomorphological factor must be strictly monitored at
Grande beach, because the wide blowouts in Zone A and the frontal dune retreat in Zone B rise some
concerns. The high partial values of GCD and MI parameters possibly depend on the tight correlation
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between geomorphological aspects and coastal morphodynamics with the characteristics of the
oceanic environment, where the exposure to wave energy is higher.

Although limited to the areas where it was applied, the CDVI provided useful insights about the
state of the dunes at Grande beach and proved to be a valuable tool as a guiding management policy to
the coast of Sdo Francisco do Sul. As a matter of fact, it is suggested to coastal managers and
stakeholders to monitor the accretion/retreat ratio of the beach system, especially after strong storms,
in order to understand whether this is a cyclic effect or erosive effect. In addition, the CDVI can be
easily implemented with new variables and applied frequently to check the evolution of the site on a
regular basis.
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