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ABSTRACT

The region under study is regularly subject to tleeurrence of storms associated with frontal
systems and extratropical cyclones, since it iatledt near one of the cyclogenetic regions in South
America. These storms can generate storm surgesc#use anomalous high sea level rises on
CassinoBeach. The use of reanalysis data along with anieft technique for the location of the
cyclone, using a vorticity threshold, has providedew classification based upon the trajectories of
events that produce positive sea level variatidme& patterns have been identified: 1) Cyclogenesi
to the south of Argentina with displacement toehst and a trajectory between 47.5°S and 57.5°S; 2)
Cyclogenesis to the south of Uruguay with displagetrto the east and a trajectory between 35°S
and 42.5°S; and 3) Cyclogenesis to the south oflury with displacement to the southeast and a
trajectory between 35°S and 57.5°S. Maximum wateellelevation above the mean sea level and
beach erosion were associated, respectively, witfitew and summer storms. Cassino beach
displayed a seasonal morphological behavior, witbrtsperiods of episodic erosion associated with
winter storm events followed by long periods of raetion characterized by the dominance of fair
weather conditions.

REesuwmo

Marés meteorolégicas que geram sobre-elevacdesvebdo mar sdo freqlientes na costa do Rio
Grande do Sul e respondem as variagGes ocorridasmsfera. Torna-se importante, dessa maneira,
definir padrdes meteoroldgicos sinéticos resporisgper gerar eventos de marés meteorolégicas
intensas na Praia do Cassino como objetivo deslsallio.O uso de dados de reandlise associados a
uma técnica eficiente de localizagdo do cicloné¢capdo o conceito de vorticidade, permitiu definir
uma nova classificagdo com base na trajetériadeneis extratropicais responsaveis pela subida do
nivel do mar. Trés padrdes de trajetorias foramtifieados: 1) Ciclogénese ao sul da Argentina com
deslocamento para leste e trajetéria entre 47.838.5S; 2) Ciclogénese ao sul do Uruguai com
deslocamento para leste e trajetéria entre 35°3.%°3t 3) Ciclogénese ao sul do Uruguai com
deslocamento para sudeste e trajetoria entre 35°558S. O estudo de 23 ciclones extratropicais
permitiu verificar maximas elevagdes do nivel es@oorespectivamente associados a tempestades
ocorridas no inverno e verdo. A Praia do Cassimesamtou um comportamento sazonal, com erosdo
episodica associada a eventos de alta energia fregisentes no inverno, e longos periodos de
acrescdao relacionados ao regime hidrodindmico rlorma

Descriptors: Storm surge, Extratropical cyclonedion.
Descritores: Maré meteoroldgica, Ciclone extratahiErosao.

INTRODUCTION the greatest natural risk to coastal communitiess.t
] it is the major reason for the loss of propertyturel
Shore erosion and floods caused byapitats, and, ultimately, life (MURTY, 1984).

seawaters on low-slope coasts are mainly genebgted On the coast of Rio Grande do Sul state,

storms Wh|Ch cause hlgher I’ises in sea IeVeI thm rises of one and a half meters above the fordaoest
of the regular t|de ThIS rise in sea IeVe! is edlia have a|ready been observed (ALME|DA et a|.’ 1997’
storm surge in the literature worldwide. The CALLIARI et al., 1998). They lead to severe shore
meteorological tide, which is basically definedtas  erosion in both urban and unoccupied areas. Erdsion

difference in level between the predictedmaximized when the high sea level rise coincideh wi
(astronomical) tide and the observed one, conesitut
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the peak of the high spring tide, when the elevatio et al, 1996). The meteorological variables used were
higher. the zonal and meridional 10-meter wind component,
The wind friction over theea surface results and the sea level atmospheric pressure, both with a
in the transference ehomentunfrom the atmosphere 2.5° x 2.5° spatial resolution, and a 6-hour temjpor
to the ocean. Therefore, strong winds that acetehf resolution (0000, 0600, 1200, 1800 UTC), limited
parallel to the continent, pile up water on thestal latitudes 60°S to 25°S and longitudes 80°W t8\W25
zone (wind set up), whereas the low pressuréKALNAY, op. cit.).
associated with the cyclonic rotation increases the The atmospheric situation on the day when
ocean level (the inverse barometer effect) (PUGHhe sea level reached its maximum height was
1987). The increase of the wave height in the alsid  reconstituted, together with those prevailing foe 2-
results in the rise of the water level in the ssohe, day period immediately before the event. The
thus leading to the flooding of areas further imlan maximum was determined by using a video-
than happens with the normal waves (wave set uphonitoring system installed on Cassino Beach. We
(BENAVENTE et al., 2006). have adopted this methodology because the oceanic
This rise in level usually provokes erosion,changes take placgtightly more slowly than those that
since it dislocates the coast line towards theinent, occur in the atmosphere; there is thus a time lag
carrying the sediments out to the surf zone whHeeg t between the action of the wind and the meteoro&gic
are deposited in the form of bars. In these evéhés, tide’'s response (XAVIER; SARAIVA, 2000).
sedimentary stock is concentrated in the subaquatic The direction, intensity, formation and
region, rather than on the shore. The amplitudthef duration of the wind fetch, the atmospheric pressur
meteorological tide is also influenced locally et gradients and the trajectories of the cyclones were
intensity and duration of the wind. These reswirfr analyzed. The time interval considered was thel tota
the position and extension of the wind fetch, whigh lifetime of the cyclone. The cyclone trajectoriesre
due to the position and displacement velocity @& thcalculatedfrom the sequence of the relative vertical
extratropical cyclone in relation to the extratagi vorticity ((10) in the center of the cyclone (ROCHA et
anticyclone on the continent. al., 2003), by using the maximum negative vorticity of
Both the flooding caused by the high seahe geostrophic wind on the fields of the zonab)(u
level rise and the morphodynamic response of thand the meridional () wind component at 10-meter
shore vary according to the distinct morphologicaheight, in the equation:
characteristics of the shore, even in situationsopfal
meteorological tide amplitudes. Beaches with gentle
slopes allow a greater horizontal level displacetnen {10 = OVio - OUpg
consequently leading to more extensive floodinge Th OX oy
opposite occurs on beaches with steeper slopes.
We have monitored the events relating to
meteorological tides on Cassino Beach, along with thehereu,, andvy, are, respectively, the zonal and the
formation, the trajectory, and the dissipation ofmeridional wind component measured at 10-meter
cyclones, in the quest for a better understandfribeo  height,x representing the east-west direction, gitide
interaction between the ocean and the atmosphere niorth-south.
the southwest of the Atlantic Ocean and their ifice The threshold; = -1.5x10° s* proposed by
on the high sea level rise on the coast of Rio GzandReboita et al. (2005), which permits the detectiobn o
do Sul state. We sought, therefore, the atmosphersystems of lower intensity, has been adopted where
patternsresponsible for the most extensive floodingvalues below this threshold were considered cyadone
and the erosion associated with it, through @&fter collecting the events with similar atmosplaeri
qualitative and quantitative analysis of thepatterns, we classified them according to the
morphological changes that take place on Cassinoagnitude of the rise in sea level during the
Beach. meteorological tide.

METHODOLOGY _
Morphodynamic data

Meteorological Data . . .
Topographic profiles were carried out
The atmospheric conditions prevailing transversally to the coast before and after theeme

during the formation, propagation, and dissipatidn €vents of the high sea level rises. The measurament
extratropical cyclones over theouthwestern Atlantic Were made with the help of a station Nikon DTM-330
Ocean were reconstituted with the aid of the databa@nd an optical prism whoskatumwas a concrete bar
of the Reanalysis Project R-1 from National Center foinstalled on the foredunes of Queréncia Beach, 3km
Environmental Prediction (NCEP/NCAR) (KALNAY south of the center of Cassino.
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The following morphometrical parameters, Consequently, the high sea level rises were obtained
developed by Short and Hesp (1982), were determinddr each event.
for the purpose of determining the susceptibility t
erosion associated with the events based on the
topographical profiles: 1) the quantitative vagatiof ResuLTs anpDiscussion
the sediment volume on the beach subaerial region
defined by an integral function; 2) the mean width
the beachyp) defined by the distances between the Twenty-three events of intense
limit of the dunes and the backshore and the pwsiti meteorological tides were monitored between June
where the pre-event profile intercepted thetum 3) 2006 and July 2007. They were more frequent in
the variation of the mean width of the beaehbl autumn and winter, with 35% predominance in each
calculated by the standadeéviation of these widths; 4) season, followed by spring (17%) and summer (13%).
the variation coefficient of this widthC§) which  The monitoring carried out by Saraiva et 003)
defines the ratio (%yyb:yb; and 5) the steepness of from April 1997 to July 1999 on Cassino Beach
the beachf§) in degrees. indicated the highest frequency of the phenomenon i

A fixed spot at the end of the foredunes, 70mautumn (65%), followed by similar values in summer
from the Referential Level (RL) was adopted as thand spring (15%) and lower values in winter (5%).
beginning of the backshore, and the distance fiue t This frequency of the events in autumn and winger i
spot to the spot where the profiles reached zergssociated with the more intense winds from thehsou
elevation was considered the beach width. of Brazil.

The pre-storm and the post-storm profiles The estimated values for the meteorological
were compared qualitatively in order to evaluate thtide attained, on average, 1m elevation; the maximu
morphological changes, the migration of berm andecorded was 1.9 m in June 2007 during th¥ &2ent
sand bars, the erosion/accretion of embryoni¢Fig. 1). Nevertheless, the astronomical tide toget
foredunes and the variations on the backshore. Thgith the meteorological tide during the 6th event
intensity of the events was also classified acogydd caused the biggest rise in sea level in the period
the respective erosive impacts on the beach, regard monitored and occurred in spring under Syzygy tide
the sand volume (), in accordance with Tozzi conditions (Fig. 9).

and Calliari (1999). Winds from the southwest occurred in 70%
' of the cases and were fundamental to the occur@nce
Hydrodynamic Data the sea leveklevations, since their association with

) ) the general northeast-southwest orientation of the

The values of the meteorological tide werecoast line and the Coriolis effect favors the fiséhe
estimated taking into account the overpositionifig owater level on the coast in Rio Grande do Sul state.
the maximum displacement of the water line on thenis research project, 39% of events showed that at
topographic profile before the event; this methodgl  |east 24-hour period of wind action is necessaryHe
was applicable because the coordinate system of thgeteorological tide to attain its maximum amplitude
profiles coincides with the horizontal axis (x) Wl xavier (2003) concluded that the events that odgur
images. The position of the beach line at the tohe the region under study attain their maximum rises i
the maximum range of the sea level was superimposesie| within a period of from 12 to 24 hours of win
on the profile preceding the event in order to #86®  action. Further, the major events studied by Saratv
the elevation (2) in relation to thiatum al. (2003) also needed the same time to reach their
_ ~ The beach line was considered to be the zon@aximum amplitudes (Table 2). This can be explained
immediately in contact with the sea water, i. 8Bg t a5 the time necessary for the transfer of momentum
limit between the land and the sea; it changegom the atmosphere to the ocean to occur.
constantly according to the variations of the seell The values of the sea level rises show that
The beach line was determined by the Argus Imagegey are better correlated with the meridional
which were obtained through a video-monitoringcomponent of the wind (r = 0.66) than with the dona
system installed on Cassino Beach (Calliari et algomponent, a fact that brings out the importancéef
2005). The method used to determine the beach liRginds in the south quadrant. Xavier (2003) discsisse
has been detailed in Guedes et al. (2007) andePetris the fact that the zonal component of the wind dus
al. (2008). ~ correlate well with the variation in level and #ttited

The forecast value of the astronomical tide thjs to the meridional component of the wind (nerth
supplied by thdiretoria de Hidrografia e Navegacdo south) due to the extensive wind fetch generated by

da ‘Marinha do Brasil the passage of cyclones in the southwestern Atlanti
(www.mar.mil.br/dhn/chm/tabups was subtracted Qcean.

from the maximum elevation during each event.
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Table 1. Atmospheric and oceanic data during thentsv LP: the lower pressure in the cyclone dutimg period of
observation; Wave height: from Wave Watch modedépth of 20m. Time: time interval between the cyeldormation and
the maximum elevation of the meteorological tide.

Year Month Period (_)f LP wi'\r?g)i(ri:trt‘e%r:ity 'Maxi'mun_ﬁ Wave height Time Mete(t)izjoéogical
observation  (mbar) (m/s) wind direction (m) (h) (m)
June 17t0 21 963,3 12,8 SW 2,28 6 0,485
June 21to 29 992,6 23,2 S 3,84 18 1,266
Jul 7to11 986,3 135 SwW 1,75 36 0,817
Jul/Aug 25t03 979,9 23,4 SwW 2,67 30 1,817
Aug 19to 25 982,5 21,6 SwW 3,24 24 1,847
2006 gept 01to 08 970,7 26,6 SW 3,24 42 1,827
Sept 2210 26 977,7 22,1 SW 2,29 30 0,927
Sept 26 to 29 979,6 12,9 S 3,84 48 0,487
Oct 41013 987,3 12,7 S 2,44 24 0,127
Nov 2t013 974,9 24,2 SW 2,94 36 0,737
Nov/Dec 2410 16 965,4 12,1 Sw 1,93 30 0,447
Feb 4t09 969,7 13,7 Sw 1,82 24 0,937
Feb 14to 24 983,3 111 SwW 2,02 6 0,897
Mar/Apr 31to 14 978,8 15,2 S 2,62 18 0,922
Apr 25t0 29 964,7 17,3 SW 2,56 48 1,452
May 6to1l 989,7 15,5 SW 3,28 48 0,622
2007 May 22 to 27 970,9 18,3 S 3,2 24 1,077
May 271031 990,5 18 S 3,11 48 1,067
May/June 31to7 965,5 14,4 SW 2,87 36 1,147
June 7to 20 979,8 11,9 S 2,72 24 0,747
June 20to 28 965,4 18,8 SW 2,41 24 0,897
June/Jul 28to5 974,5 18,8 SW 2,12 48 1,947
Jul 2to 17 973 16,8 SW 2,67 18 1,027

1 s
I Astronomic tide
Meteorologic tide

2l — | | N

Fig. 1: The maximum sea level elevations due to
astronomic and meteorological tide during each even

Elevations (m)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Events
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Table 2: Time interval between the formation of dyelone Analysis of the Cyclone Trajectories
and the maximum elevation of the meteorologica.tid
Reboita et al(2005) compared two methods

of detecting cyclones and their trajectories oljety,
MONITORING ~ 6h  24h  36h 48h in order to ascertain the best method to evaluate
cyclones in the southwestern Atlantic Ocean. These

199710 1999 methods are based on vorticity and on surface
(Saraivaet al, 2003) 10%  45%  10% 30% pressure, and described in Rocha ef(2003). They
discovered that the first method is more efficient
because a higher number of occurrences of cyclones

2006 to 2007 were detected.

(this research) 9%  39%  26%  26% This study used the methodology of cyclone
detection by means of maximum relative vorticitglan
found three trajectory patterns for cyclones asdedi

We have observed that the maximum valueith 23 meteorological tide events:
of the erosion were associated with the events PATTERN I: Cyclogenesis to the south of the
longer duration, rather than with the maximum iise Argentinian coast, with a displacement to the aast
level. Experiments carried out in a wave tank,tfer  a trajectory between 47.5°S and 57.5°S (Fig. 2);
purpose of analyzing the erosive processes duleeto tPATTERN II: Cyclogenesis to the south of the
action of storm waves and the latecovery of the Uruguayan coast with a displacement to the eastand
beach morphology, have led to the conclusion thdtajectory between 35°S and 42.5°S (Fig. 3); and

changes in beach morphology are more sensitiieeto tPATTERN Ill: Cyclogenesis to the south of the
duration of the meteorological tide than to itsratéon  Uruguayan coast with a displacement to the southeas
(SON; NODA, 1999). and a trajectory between 35°S and 57.5°S (Fig. 4).

Cyclone tracks
-30

351

40

45t

Latitude ( 0 )

=501

A

@l Migle o - ; AR A TR O jan
d L4 2o NFNA N

-80 =75 =70 -65 -60 -55 -50 -45 -40 -35 -30
; 0
Longitude ( ~ )

Fig. 2. Cyclone tracks between 47.5°S and 57.588) the time of detection to their dissipation over
the ocean. Each trajectory is plotted with the saymbols, that is, each symbol represents a
different trajectory.
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Cyclone tracks
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Fig. 3. Cyclone tracks between 35°S and 42.5°8) fre time of detection to their dissipation
towards the ocean. Each trajectory is plotted wlith same symbols, that is, each symbol

represents a different trajectory, including th&lbime.
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Fig. 4. Cyclone tracks between 35°S and 57.5°8) fre time of detection to their dissipation
towards the ocean. Each trajectory is plotted wlih same symbols, that is, each symbol
represents a different trajectory, including th&lbime.
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Classification of the Intensity of the Events more localized, and represents the most harmfuiteve
) o in terms of coastal risks f@assinoBeach.
After grouping the events in distinct cyclone On the other hand, events with moderate

trajectory patterns in the southwestern Atlantie®t impact and a trajectory over the ocean fit trajgcto
we attempted to relate them to different coastabattern | proposed in this study; their cyclogesesi
impacts. To accomplish this, we used the methogologccurs off the south of Argentina and their trajegis
proposed by Tozzi and Calliari (1999). They utilized limited to between 47.5°S and 57.5°S.
classification for the intensity of storms basedtbe Finally, the maximum values for
variation of the sedimentary volume on the sub&erianeteorological tides occurred when the associated
part of the beach, i. e., between the water lirctthe  cyclones formed off Uruguay and dislocated
dunes. According tdhese authors, values below 10southeastwards. This trajectory pattern 1l alloviee
m’.m*, and others ranging between 10 and 20m%,  formation of stronger wind fetches’, a fact thatdeed
20 and 50 im™, and 50 and 80 ¥ are classified the transfer ofmomentumand, consequently, the
as low, moderate, significant, and severe impacbtccurrence of higher rises in sea level.
respectively (Table 3). Significant impacts were caused by the 11th,
Calliari et al (1998) monitored the erosion 15th, and 16th events, which occurred in
between Rio Grande and ti@hui during storms and November/December, April and May, respectively.
found maximum variations in the subaerial volume ofvioderate impacts were associated with the 4th, 8th,
the order of 60 thm™ and 10 Mm™ for the beaches and 12th events, in July/August, September and
south and north of theAlbarddo Lighthouse, February, respectively. The other events causdd lit
respectively. impact. Respective values regarding erosion in the
According to Tozzi and Calliari (1999), the subaerial profile correspond to 45.6 m3.m-1, 32.8
cycle of severe storms on the coast of Rio Grande da3.m-1, 37.5 m3.m-1, 18.7 m3.m-1, 10.5 m3.m-1, and
Sul state starts in April and acts during autumd an18 m3.m-1 (Fig. 5).
winter, due to significant changes in the trajaewr Some cases stand out and deserve to be
and the distribution of extratropical storms in theconcisely presented in this study, because theyecom

southwestern Atlantic Ocean. These authors believgithin the three trajectory patterns described abov
that cyclones very close to the beach result iavere

localized impact, whereas the storms further ouwr ov Case Studies

the ocean generate comparatively lower impacts more

widely distributed along the coast (Table 3). The Among the extreme meteorological events

classification proposed by these authors fits thahich were responsible for causing sediment

trajectories of the events investigated in thislgtu remobilization and the consequent erosion, sontalsta
The events of significant impact and out and deserve to be concisely presented in tilnity s

trajectory near the coast, according to the classion Of the three events which had a significant

previously mentioned, follow trajectory pattern Ilimpact on Cassino Beach, two followed trajectory

proposed in this study. Since in this pattern th@attern Il, with the formation of the low pressure

cyclone stays near the coast for longer, the imact center in the potential area of cyclogenesis batwee
30°S and 40°S, proposed by Gan and Rao (1991).

Table 3. Main characteristics’ of extratropicalrsts in the southern Atlantic Ocean, defined by T¢¥299). Source: Adapted
from Tozzi and Calliari (1999).

STORMS
CHARACTERISTICS
E/SE S/SE MIDDLE OF THE EXTRATROPICAL
ATLANTIC OCEAN CYCLONES
Waves 05alm lalbm >15m > 2m
High sea level elevation <05m ~1m >1m bm
Location far near along/far near/along
Subaerial volume <10 m3/m 10 to 20 m3/m 20 to 30nm 50 to 80 m3/m

Impact low moderate significant Severe
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events of meteorological tides.

along the same latitude until it dissipated latezrahe

m” during the

There were three meteorological tide events
which caused moderate impact; they followed
trajectory pattern | with the formation of the low
pressure center in Argentina, moving away from the
coast between 45°S and 50°S and then dissipatiarg ov
the ocean. The 4th, 8th, and 12th events fit this
classification since the cyclones did not go beyond
45°S. The presence of an anticyclone was observed
over the ocean, which may have blocked the passage
of the cyclone to lower latitudes (Fig. 7).

Through the correlation of the synoptic
events that presented maximum meteorological tide,
we have found similar behavior patterns for thedwin
field and the atmospheric pressure at sea levet. Th
cyclone which arose on the coast of Rio Grande do Su
state on September 2nd followed a southeasterly
trajectory, reaching 45°S, where it dissipated dkier
ocean within two days (Fig. 8).

This event, in spite of not having caused the

The cyclone started its trajectory on themost severe erosion, was responsible for the highes
coast of Rio Grande do Sul state and moved to thie ednorizontal displacement of the sea level on Cassino

Beach, with the invasion of tH&eira Mar Avenue. It

ocean (Fig. 6). The events that had a significaralso prevented vehicles from driving on the beach
impact, corresponding to the criteria proposed byFig. 9). Intense winds from the south quadrantnfed
Tozzi and Calliari (1999), were the 11th, 15th, andh long SW wind fetch which lasted 48 h and was
16", arose close to the coast and dislocated eastwardeesponsible for the rise of the water on the coast.

May 07 (1200 UTC)

Latitude { 0

May 08 (0600 UTC)

Latitude ( %)

oo

-60
Longitude [ ®)

-50

May 07 (1800 UTC) May 08 (0000 UTC)

May 08 (1800 UTC)
i : B 1040

1030
11020
1010
1000
990
980

-40 -30

Fig. 6. Synoptic situation regarding the atmosghgressure and the wind filed during thd &gent.
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Fig. 9. An event of positive meteorological tide@assino Beach during th& vent (9/4/2006).

Behavior of Cassino Beach to affirm that the variation of the total sedimewgta
package is even higher, though the latest one showe
The topography of Cassino Beach presentethe highest mobility. The highest topographic \izoia
the greatest variation in the subaqueous areawell  occurred in the subaqueous part, with a maximum
by the region of the embryonic dunes. Topographialue of 1.16 m. It is explained by the constant
profile data from autumn/winter 2005 and fromvariation and migration of the sand bars (Fig. 1tl).
summer 2006 for the same region were given to us higdicates that a large part of the sediments rechove
Guedes (2006) and Espirito Santo (2007)ffrom the beach face, where more severe erosion
respectively, for comparison with the results afth occurred specifically due to the action of the wind
paper. The present research showed high mobility @®ntributed to the formation of the sand bars, esinc
compared with that of the topography in the researcthis region was very variable. On the dunes, three
carried out by Guedes (2006) and Espirito Santpeaks of vertical variation of the package of theeo
(2007), who found high stability in this region ¢Fi of 1.36 m were observed. However, this change took
10). This contrast may be explained by the reduceslace because of the wind power processes, rdthar t
temporal scale used in both studies, since bolhdec as a result of the meteorological tide, since tha s
high frequency monitoring carried out in one singldevel did not reach this region in any of the esent
season. This present study, in turn, better refléoé  recorded.
seasonal variations that occur on the dunes, since Guedes (2006) recorded high migration rates
lasted one year and included all the seasons,dimdu from the second bar and attributed this movement to
the spring, when NE winds are more frequent anthe variations in the height of the waves. Thishant
transport more sand to the backshore region and tlgso found that the migration of the bar towardsgba
dunes. is associated with wave heights above 0.75 m. The
We found a total variation of the subaerialhighest displacement of the bar towards the sea,
sedimentary package of 14%m, indicating that recorded by the author, was of 8.7 m/day, due ¢o th
Cassino Beach showed great topographic variability ipresence of a rip current. The bar crest was namow
the region between the foredunes and the beach lingnd steeper in situations of coastward migratiow, a
This value does not include the variations thasofter and more outspread when the migration was
occurred in the subaqueous region, which permits uswards the sea.
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Topographic profile (from June of 2006 to July of 2007)
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Fig. 10. Topographic variation on Cassino BeachDajing this study; b) In summer
2006 monitorated by Espirito Santo (2007) and @utumn/winter 2005 monitorated by
Guedes (2006).
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Fig. 11. Variation of the sedimentary package althregprofile and vertically, based on
the phase of maximum accretion and the maximumaras Cassino Beach.
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In spite of the width of the beach appearing The morphometrical parameters proposed by
to vary, we found that it decreased in winter andhort and Hesp (1982) were calculated and have been
spring, from June to December 2006 (Fig. 12, peefil summarized in Table 4.

1 to 19), started to increase at the beginning of Tozzi and Calliari (2000) found CV values
summer attaining three maximum peaks (Fig. 12equal to 3, 4, and 5 for three sectors on CassinolBea
profiles 21, 27 and 29) and began to decrease againfrom 1991 to 1996, as well as mean volumes of the
June 2008 (Fig. 12, profile 38). These characiesist beach equal to 5, 5, and £.m™, respectively. Guedes
show that, even though the morphodynamics of th€006), in a study of high frequency on Cassino
beach are greatly influenced by cyclones that occiBeach in autumn and winter 2005, found the mean
throughout the year, there is a seasonality profileiidth of the beach to be 122 m, its mobility indef
defined by the frequency with which the cyclonesn, and the mobility index of the backshore 4.2 m.
occur in the region, more often in winter (narrowerClosely similar values were found by Espirito Santo
beach) and less frequently in summer (wider beach). (2007).
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Beach width (m)

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45

Topographic profile

Fig. 12. Variation of the width on Cassino Beachimty the events from June 2006 to

July 2007, based on pre-event profiles (odd prgfiland post-event profiles (even
profiles).

Table 4. Numbers of profiles (n); Mean width of theach {b); Mobility index of the beacho{b); Mobility index of the
backshore (CV); Mean steepness of the beach fac#éan volume of the beach (Vv); Volume variat{@ivv).

N vb (m) oyb (m) CV (%) B(©) Vv (m3/m) oVv (m3/m)

46 130,6 10,89 8,4 1,19 -6,25 14,75
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Of 23 events, 60% decreased the slope of the The maximum meteorological tide was
beach face, which presented a mean steepness estimated at 1.9 m (spring) and the synoptic sd@oat
1.19% and maximum variation of 1.92° during awhich caused the highest elevations of the
unique event. The high index of beach mobility 80. meteorological tide presented cyclogenesis in the
m) and the increase in the backshore mobility indegouth of Uruguay with an eastward displacement and
found in this study (CV = 8.4) were due to the thett  trajectory between 35°S and 57.5°S. This atmospheri
it was mainly the effect of intense meteorologiidés pattern permitted the formation of a stronger wind
on the profile that was monitored, i. e., eventhigh fetch, the main factor leading to high sea level
hydrodynamic energy which are actually the onet thalevation.
cause greater variations in the coastal profileerEv We discovered that the erosive processes do
though a negative value was found (-6.25mit) for not depend only on the intensity, trajectory, and
the mean volume of the beach (Table 4), it is to@ | magnitude of the events, but also on the charatiesi
to allow us to state that Cassino Beach showed & the profile prior to them, since the most eresiv
sedimentary deficit from June 2006 to July 200@¢si  event occurred in summer.
the monitoring concerned aimed at quantifying only The subaqueous region is where the highest
erosive events. variation of the topographic profile occurs in argh
period of time, followed by the foredune region o&ae
longer period of time.

The sedimentary rhythm on Cassino Beach
shows destructive phases with successive high gnerg

All the meteorological tide events monitored events, whereas longer periods of low hydrodynamics

in this study were associated with extratropicaf!loW the re-composition of the morphology. The
cyclones occurring over the ocean. We found theflissipative modal state oscillates, therefore, betw
three trajectory patterns over the southern Amntilntermedlate and maximum secondary states according

Ocean to be: 1) PATTERN I: Cyclogenesis in thd0 the energetic regimen of the southern Atlantic

south of Argentina with an eastward displacemenit anCc€an.

a trajectory between 47.5°S and 57.5°S; 2) PATTERN
Il: Cyclogenesis in the south of Uruguay with an
eastward displacement and a trajectory between 35°S
and 42.5°S; and 3) PATTERN llI: Cyclogenesis in the
south of Uruguay with a southeasterly displacememLMEIDA, L. E. S. B.; ROSAURO, N. M. L.; TOLDO JR.,
and a trajectory between 35°S and 57.5°S. E. E. Ané’lise preliminar das marés na Barra do Rio
These results agree with the atmospheric 1'amandai, RS. In: SIMPOSIO BRASILEIRO DE
patterns presented by previous studies (TOZZI; RECURSOS HIDRICOS, 12, 1997, \Vitdria, E.S.

CALLIARI, 1999), but the method they used mayBENAAn\jiI'ESN-'n\EmOT’ EgéﬁBRRT(’) 193?' 8522]266',:. 3

contain errors, since the cyclone trajectories were MARTINEZ-DEL-POZO, J. A. Coastal flooding hazard
determined on the basis of the visual analysishef t  related to storms and coastal evolution in Valdeiag
displacement of the center of low atmospheric spit (Cadiz Bay Natural Park, SW Spai@Qontinent.
pressure. However, the trajectory patterns fourttis Shelf Res.v. 26, p 1061-1076, 2006.

study were calculated by using the methodolog§ALLIARI L. J.; TOZZI, H. A. M. ; KLEIN, A. H. F.
proposed by Reboita et al. (2005), based on the Beach morphology and coastline erosion associatéd w

. . - storm surge in Southern Brazil- Rio Grande to CRY,
(r:;am;r::gm relative vorticity at the center of the An. Acad. Bras.Ciénc., .v. 70, n. 2, 1998.

. . CALLIARI, L.J.; HOLAND, T.; DIAS M. S.; VINZON S.;
The vorticity method is better able to detect  THORTON E. B. E.; STANTON, T. P. Experimento
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