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Tém tit ndi dung

Monitoring of dune erosion and accretion on the high-energy macrotidal Vougot beach in North Brittany (France)
over the past decade (2004-2014) has revealed significant morphological changes. Dune toe erosion/accretion records
have been compared with extreme water level measurements, defined as the sum of (i) astronomic tide; (ii) storm
surge; and (iii) vertical wave runup. Runup parameterization was conducted using swash limits, beach profiles,
and hydrodynamic (Hmo,Tmo,—1, and high tide water level-l HTWL) data sets obtained from high frequency field
surveys. The aim was to quantify in-situ environmental conditions and dimensional swash parameters for the best
calibration of Battjes [1] runup formula. In addition, an empirical equation based on observed tidal water level and
offshore wave height was produced to estimate extreme water levels over the whole period of dune morphological
change monitoring. A good correlation between this empirical equation (1.01 Hmo&,) and field runup measurements
(Rimaz) was obtained (R? 85%). The goodness of fit given by the RMSE was about 0.29 m. A good relationship
was noticed between dune erosion and high water levels when the water levels exceeded the dune foot elevation.
In contrast, when extreme water levels were below the height of the toe of the dune sediment budget increased,
inducing foredune recovery. These erosion and accretion phases may be related to the North Atlantic Oscillation
Index.

Viéc theo déi su x6i 16 va boi tu con cat trén bai bién Vougot c6 nang lugng cao, thiy triéu 16n, thudc Bic
Brittany (Phap) qua thap ki vita rdi (2004-2014) da lam boc 16 nhitng thay ddi hinh thai dang ké. Céac bang ghi x6i
16/bdi tu chan cdn cat duge so sanh véi két qita do dac muc nude cyc tri, von duge dinh nghia bing téng ctia (i)
triéu thién van; (ii) nu6c dang trong bao va (iii) chidu cao séng leo. Viéc tham sb héa séng leo duge thuc hién bang
viéc diing cac gidi han séng tran, mit cit ngang bii, ciing cac bo sb lieu thiy lieu thiy dong luc (Hmo, Tmo,—1, V&
muyc nude tridu cao-HTWL) nhan duge tit do dac thyc dia tan s6 cao. Muc tiéu 1a nhim dinh lugng céc diéu kién
moi trudng tai chd cling cdc tham sé séng tran c6 thi nguyen dé hieu chinh t6t nhat cong thiic ctia Battjes [1].
Ngoai ra, mot phuong trinh thuyc nghiém dya trén muc nudc triéu do dac va chiéu cao séng da duge thiét lap dé
u6c tinh cdc myc nudc cyc tri sudt thai gian quan trc bién ddi hinh thai cdn cat. Mot mbi tuong quan tét gita
phuong trinh hyc nghiem nay (1.01H,,,&,) va sb licu do séng leo hién trudng (Rmae) da thu duge (R? 85%). Mitc
do phit hgp cho béi s6 RMSE vao khoang 0,29 m. Mot méi lien hé t6t duge phat hién gita x6i 16 cdn cat va muc
nuée cao khi myc nudc vugt qiia cao do chan cdn cat. Nguge lai, khi myc nuée cye tri ndm duéi chidu cao chan
con cat, qily biin cat sé ting len, gay phuc hdi mit trude con cat. Cac pha x6i 16 va boi tu ¢6 thé gdn véi Chi sb
Dao dong Bic Dai tay duong.

Keywords: macrotidal beach; runup; storm; dune; erosion; extreme water level; NAO
Tit khoa: bai bién triéu 16n; séng leo; bao; cdn cét; x6i 16; myc nude cyc tri; NAO



1 Introduction | Gigi thiéu

Extreme events such as storms or hurricanes play a major
role in dune erosion [2-7]. In these conditions, the foredune
is severely scarped due to flooding processes that exacer-
bate wave attack on the dune foot [6,8-17]. Based on this
principle, Sallenger et al. [18] and Ruggiero et al. [19] pro-
posed different models designed to assess the foredune’s
sensitivity to erosion generated by the impact of storm
waves. This methodological approach was used for assess-
ing the vulnerability of barrier islands to hurricanes along
the eastern coast of the USA [7,18] and analyzing decadal-
scale variations in dune erosion and accretion rates on the
Sefton coast in northwest England [20]. These models ex-
amine the relationship between the extreme water level el-
evation and relevant beach morphology corresponding to
the height of dune foot. Extreme water level is defined as
the sum of (i) astronomic tides; (ii) storm surges; and (iii)
vertical wave runup, including both setup and swash. Sal-
lenger [18] has defined four storm-impact regimes (swash,
collision, overwash, and inundation) related to increased
water levels from storms that shift the runup and loca-
tion of wave attack higher on the profile, making berms
or foredunes more vulnerable to erosion and overtopping.
In this storm-impact scaling model, the borders between
the impact regimes represent thresholds across which the
magnitudes and processes of dune erosion are substantially
different. Ruggiero’s [19] model appears simpler; it simply
examines predicted extreme water elevations with mea-
sured elevations of the junctions between the beach face
and the toe of foredunes or sea cliffs. The aim is to evalu-
ate the frequency with which water can reach the property,
providing an evaluation of the susceptibility to potential
erosion.

If storm surge (wind and pressure surge) can be de-
duced from the observed tide using tide gauge measure-
ments, estimation of wave runup is a more complicated
issue because of the complex processes driving the swash
zone [21]. It corresponds to the time-fluctuating verti-
cal position of the swash limit on the upper part of the
beach, and was first studied in relation to engineering
structures such as dykes [22] or rock-rubble structures [23].
It is defined as the difference between discrete water ele-
vation maxima and still water level corresponding gener-
ally to observed tide level [21,24,25]. The complexity of
processes that govern the swash zone are related to in-
cident band wave energy transferred to both higher and
lower frequencies through the surf zone [26]. Therefore,
wave runup is largely dependent on environmental condi-
tions such as the local beach slope (synthesized through
dissipative to reflective context generally given by Iribar-
ren number [27]) and the infragravity-to-incident offshore
wave energy which dominates the inner-surf zone [24,28-
30]. A simple formula was first proposed by [23] using sig-
nificant wave height (Hy) and slope (.5):

R=H,S

Battjes [1,27] has shown that runup was better related
to a morphodynamic component defined by a dimension-

Cac su kién cyc doan nhu bao hay xoay nhiét déi dong vai
trdo quan trong ddi véi x6i 16 con cat [2-7]. Trong nhing
diéu kién nhu vay, mit trude con cat bi bao mon ning
né béi qua trinh ngdp nudc von thic day tac dong cla
séng dén chan con cat [6,8-17]. Dya theo nguyén 1y nay,
Sallenger & nnk. [18] va Ruggiero & nnk. [19] da dé xuat
nhimg mé hinh khéc nhau phuc vy muyc dich danh gia
do6 nhay cdm clia mit trude cdn cat chiu x6i 16 gay béi
tac dong séng bao. Cach tiép can c6 phuong phap nay da
duge ding dé danh gi4a mitc do tdn thuong cta dai dao
chén truéc nhitng con béo doc bd bién phia dong Hoa K3
[7,18] v& dé phan tich nhimg bién ddi dai han c& thap ki
trong qia trinh x6i con cat va téc do boi ldng bo bién
Sefton mién tay bac nuéec Anh [20]. Nhiing mo hinh néu
tren da kiém tra méi lien heé gita muc nudc cuc han va
hinh thai bd bién tuong tng véi chidu cao chan con cat.
Mutc nuéc cye han duge dinh nghia bing tong ciia (i) triéu
thien van; (ii) nuéc dang trong bao va (iii) chiéu cao séng
leo, bao gom ca nude dénh do séng va séng tran. Sallenger
[18] da dinh nghia bén ché do tac dong bdi bao (dang cao,
va dap, tran qua, va ngap lut) gin véi cdc myc nude ting
dan trong bio dé dich chuyén séng leo va vi tri clia téc
dong séng cao hon trén mit cit ngang, khién cho thém
bai hodc mit trude con cat dé bi tdn hai béi x6i 16 va tran
dinh. Trong mo hinh ti 1é tac dong bao nay, ranh gidi gitta
céc ché do tac dong sé biéu dién cac ngudng ma vugt qua
do6, do 16n va qué trinh x6i cdn cat sé khac hin di. Mo
hinh ctia Ruggiero [19] dudng nhu don gidn hon; né chi
kidm tra cdc muc nudc cuc tri véi cac cao trinh do duge &
diém chuyén tiép giita mat bai bién va chan con cat hoic
vach da. Muc dich 1a nhim danh gia tan suat xay ra khi
mitc nuée dang dén tai san, tit d6 cho phép danh gia miic
do tén hai do x6i 1¢ tiém nang.

Néu nhu nuée dang do bao (gom gié va khi 4p) c6 thé
dugc rat ra tit myc nude thyce do béi cac tram do tridu, thi
viéc udc tinh chidu cao séng leo 1a van dé phiic tap hon vi
cac qué trinh phitc hgp chi phéi ving séng tran [21]. N6
tuong tng véi vi tri bién déi, theo phuong ding, clia giéi
han séng tran lén phan phia trén bai bién, va duge lan dau
nghién ctfu gin véi cdc cong trinh nhu de [22] hay cong
trinh da do [23]. Dai lugng nay duge dinh nghia 13 hieéu
s gitta cac cie dai myc nude riéng ré va muc nude tinh,
thuong ng v6i myc nude trieu quan trac duge [21,24,25].
St phiic tap ctia nhitng qua trinh chi phéi viing séng tran
duge gin véi viec ning lugng dai séng duge chuyén dén
c& nhitng phan c6 tan s6 séng cao va thap hon trong ving
séng vd [26]. Do vay, chiéu cao séng leo phu thudc nhiéu
vao cac diéu kién méi trudng nhu do déc dia phuong clia
bai bién (dugc tong hgp qua ché do tieu tan dén phan
xa nang lugng, véi s6 Iribarren [27]) va nang lugng onsg
ngoai khoi tit ngoai trong lyc dén séng t6i von chi phéi
ving séng vd sat bo [24,28-30]. Mot cong thic don gidn
duge dé xuat lan dau [23] c6 st dung chiéu cao séng §
nghia (Hy) va do doc (S):

(1)

Battjes [1,27] da cho thay ring chiéu cao séng leo lien
hé chat ché hon véi mot dai lugng thuy dong lyc dinh



less surf similarity parameter called the Iribarren number,
expressed by the following equation:

R

= = Ct

H,

where C' is a constant, and &, is the Iribarren number
given by [17]:

o =

where tan [ is the beach slope, H, corresponds to sig-
nificant offshore wave (equivalent to H in deep water),
and L, is deep water wavelength.

Following this approach, a statistical analysis of wave
run-up (Rsg) was proposed by Holman from field data col-
lected on a natural intermediate-to-reflective beach (beach
slope tan 8 from 0.07 to 0.2) [25]. He found a clear rela-
tionship between the 2% exceedence value of runup nor-
malized by Hg and &,, and fit this equation to field data
collected at Duck, NC (USA) using the intermediate depth
(18 m) H,»o and T;. (where H,y,g is wave height estimates
based on spectral moments, and Tp;. is the period asso-
ciated with the largest wave energy known as the peak
period). Based on the laboratory tests, Mase [31] devel-
oped a predictive equation using deep water wave param-
eters for irregular wave runup on uniform impermeable
slopes (tan 8 from 0.03 to 0.2). He found that the runup
was approximately twice as large as values measured in
the field by Holman [25], and explained this discrepancy
by the effect of beach profile geometry. The runup spec-
trum measured on natural sandy beaches on the coast
of New South Wales (Australia) indicated proportional-
ity between the best-fit of runup elevation distribution and
the beach slope for a steeper beach (tan 8 > 0.10). For the
flatter beaches (tan < 0.10), the slope became largely
unimportant and the vertical scale of the runup distribu-
tion was scaled directly with (H,L,)%5 [32]. Ruessink et
al. [29] came to the same conclusion by examining runup
under highly dissipative conditions (beach slope from 0.01
to 0.03) at Terschelling (The Netherlands). They found
that the significant infragravity swash height (R;;) was
about 30% of the offshore wave height Hy, and that the
slope in the linear Hy dependance of R;; amounted to
only 0.18, considerably smaller than the value of 0.7 ob-
served on steeper beaches by Guza and Thornton [24].
More recently, a synthesis of empirical parameterization of
extreme Rsy runup, based on several natural beach and
laboratory experiments, indicated that in an infragravity-
dominated dissipative context, the magnitude of swash el-
evation was dependent only on offshore wave height and
wavelength [21]. In an intermediate and reflective context
with complex foreshore morphology, beach slope was on
the contrary much more important in practical applica-
tions of the runup parameterization. Therefore, the au-
thors have elaborated different runup equations according
to the beach morphodynamic context. For a dissipated
state (£, < 0.3), Formula (4) is used, while for an inter-
mediate state (0.3 < &, < 1.25) it is recommended to
use Formula (5). Formula (6) is used for a reflective state

tan g8
(Ho/Lo)/?

nghia béi mgt tham s6 dong dang séng vé phi thit nguyén
6 tén 1a s6 Iribarren number, bidu dién béi phuong trinh
sau:

(2)

trong d6 C' 1 hing s6, con &, 1a s6 Iribarren cho béi
[17]:

3)

trong dé6 tan 8 1a do dbc bai, H, tng véi séng y nghia
ngoai khoi (twong duong Hg viung nudc sau), con L, 1a
chiéu dai séng nude sau.

Theo cach tiép can nay, phép phan tich théng ké sb
ligu song leo (Ryy) da duge Holman dé xuat tit so ligu
hién truong thu thap duge trén mot bai bién tu nhien c6
tinh chat tr trung gian dén phan xa (do dbc bai tan 8 ti
0.07 dén 0.2) [25]. Ong da phat hién méi lien hé 16 nét
gitta chiéu cao séng leo vuot 2% chuan hoa béi H, va &,,
roi khép phuong trinh tim duge véi sb lieu thyce dia thu
thap tai Duck, NC (Hoa K¥) bang cach dung H,,o va Tpic
tai do sau trung gian (18 m), (trong d6 H,,o la chiéu cao
séng udc tinh tit cAc mo-men phd, con Thic 1a chu ki séng
gin véi nang lugng séng cao nhat, goi 1a chu ki séng dinh
phd). Dya vio thi nghiem lab, Mase [31] da thiét lap mot
phuong trinh dy doan dung cac tham s séng nuée sau cho
song khong déu leo trén mai déc phing khong tham (tan 3
tit 0.03 dén 0.2). Ong da phat hién thay do cao séng leo
khoang chitng gap doi sb litu do hién trudng bdi Holman
[25], v& da giai thich su khéc biét nay theo hinh dang méit
cit ngang. Phd séng leo do dac trén nhiing bai cat tu nhién
6 bo bién New South Wales (Uc) da cho thay sy ti le gitta
phan bd khép nhét ciia chiéu cao séng leo va do dbc bai,
v6i bai bién ddc hon (tanB > 0.10). V6i bai bién thoai
(tan 8 < 0.10), néi chung do dbc 1a khong quan trong va
st phan bd do cao song leo ti 1& tryc tiép véi (H,L,)%°
[32]. Ruessink & nnk. [29] ciing di dén két luan tuong tu
qua viéc nghién cttu séng leo trong diéu kién tiéu tdn ning
lugng manh (do dbéc bai tir 0.01 dén 0.03) & Terschelling
(Ha Lan). Ho da phat hieén ring chiéu cao tran clia séng
ngoai trong luc (R;4) 1a vao khoang 30% chiéu cao séng
ngoai khoi Hy, va do dbc trong dudng quan hé tuyén tinh
gitta Hy vd R;, chi bing 0.18, nhé hon dang ké so vdi
gia tri 0.7 quan sat duge bdi Guza va Thornton [24] trén
nhitng bai bién déc hon. Gan day hon, mot két qua téng
hgp tham s6 ho4 thiic nghiém ciia do cao séng leo cyc tri
Ryg, dua vao cac thi nghiém trén bai ty nhién va trong
phong lab, da cho thiy ring véi diéu kién séng tieu tan
nang lugng, chi phdi béi thanh phan ngoai trong lyc, thi
cao do nude tran chi phu thudc vao chidu cao va chiéu dai
séng nude sau [21]. Trong diéu kién trung gian va phan xa
v6i hinh thai bai truée phic tap, thi do déc lai dong vai
trd quan trong hon nhiéu trong viéc tham sd hod do cao
song leo. Béi vay, nhém tac gid phan tich cac cong thic
song leo khac nhau tng véi diéu kieén hinh thai bai bién.
V6i diéu kién tiéu tan nang luong (&, < 0.3), PT (4) duge
st dung, con véi diéu kién trung gian (0.3 < &, < 1.25)
nén st dung PT (5). PT (6) dugc ding cho trang thai



(&, > 1.25):

Roy, = 0.043(HyLo)'/?

Rog = 1.1 (0.355f(H0L0)1/2 +

Ry, = 0.7383;(HoLo)'/?

where Rae, corresponds to the height reached by 2% of
the highest runups, 3 is the slope calculated by the whole
length of the upper part of the beach, and Hy and L are
deepwater wave height and wavelength, respectively.

In a recent study, a methodological approach for cal-
culating runup from the analysis of morphodynamic con-
ditions on macrotidal sandy beach in Vougot (Brittany,
France) was published [33]. The goal of this work was to
improve simple parameterization for a maximum runup
elevation based on the earlier empirical formula produced
by Battjes [1]. The method was based on field measure-
ments of wrack lines related to the highest high-tide swash
runup elevation and the analysis of morphological and hy-
drodynamic conditions. This allowed us to calibrate runup
formula effectiveness on a macrotidal sandy beach and to
determine the best slope parameters to estimate runup in
this coastal environment that has a tidal range of about
7 m. The results suggest that on the macrotidal sandy
beach, the slope of the active section of the upper beach
should be used to obtain the most relevant estimation of
observed runup elevations (Figure 1). The work presented
in this paper extends the analysis of runup on the same
study site (Vougot beach in north western Brittany) in
order to estimate extreme water levels. Based on the Sal-
lenger [18] and/or Ruggiero [19] models, the aim is to eval-
uate the frequency with which these extreme water levels
have reached the toe of the dunes, providing an evalua-
tion of the susceptibility to potential erosion. First, a new
parametrization of the runup equation was accomplished
following the same methodological approach as Cariolet
and Suanez [33]. This analysis was based on a new data set
obtained between June 2012 and June 2013 and includes
the one used in the previous study [33]. Secondly, cali-
bration of a general empirical formula based on tide and
offshore wave measurements was achieved in order to pre-
dict extreme water levels over the last decade (2004-2014).
Thirdly, the relationship between the elevation of extreme
water levels and relevant beach morphology (in this case
the toe of the dune) was analyzed from 2004 onwards, this
being the period during which the survey of dune mor-
phological changes started. The aim was to identify and
explain the dune system’s phases of erosion and recovery
related to long term meteo-oceanic condition variations.
Emphasis was put on storms events causing erosion and
retreat of dune fronts.

phén xa (& > 1.25):

(4)

()

[HoLo(0.56353% + 0.004)]1/2>
2

(6)

trong d6 Ry, tuong tng véi chidu cao dat bai 2% trong
s6 cac song leo 16n nhat, B 1a do doc tinh tir toan bo chiéu
dai phan mat bai phia trén, con Hy va Ly 1an lugt 1a chidu
cao va chiéu dai séng nudc sau.

Trong mot nghién ctu gan day, cich tiép can c6 hé
théng nham tinh do cao séng leo tit két qua phan tich
diéu kieén thuy dong liyc hinh théai trén bai bién cat véi
triéu manh & (Brittany, Phap) da dugc cong bo [33]. Bai
bao d6 nham cai tién cach tham s6 hoa don gidn cho do
cao song leo cire dai dyra trén cong thitc kinh nghiém truée
day ctia Battjes [1]. Phuong phap dugc dya trén két quéa
do dac hién trudng cac vét rac ting véi do cao song tran
ciie dai lac thuy triéu lén cting nhitng phan tich cac diéu
kién thuy dong luc v hinh thai. Bing cach nay ta cé thé
hiéu chinh mitc do hiéu qua ctia cong thic séng leo ddi véi
bai bién cat tridu manh va dé xac dinh tham sb do déc tét
nhét gitp tinh toan séng leo trong mai truong b bién nay
v6i do 16n tricu cd 7 m. Két qui ggi ¥ ring trén bai bién
cét tridu manh, do déc clia phan hoat dong thuoc mit bai
tren nén duge ding dé tinh ra do cao séng leo quan sat
phit hop nhat (Hinh 1). Bai bdo nay phat trién them viec
phan tich séng leo trén ciing khu vitc nghién citu (bai bién
Vougot thuoc dong bic Brittany) dé tinh cidc myc nude
cyc han. Dya theo cac mo hinh ctia Sallenger [18] va/hoic
Ruggiero [19], muc tiéu 1a tinh dugc tan s6 ma nhing muc
nudce cyc han nay dat dén chan con cat, tit dé cho ta danh
gia sy ton thuong do x6i 16 tiém nang. Trude hét, mot cach
tham s6 hoa méi cho phuong trinh séng leo dudc 1ap nén
tit cach tiép can vé6i phuong phap luan tuong ty Cariolet
va Suanez [33]. Phan tich nay dugc dya trén mot bo s6
litu méi thu duge tit 6-2012 dén 6-2013 va bo s6 lieu da
dung trong nghién ctu trude [33]. Thit hai, da thyc hién
hiéu chinh mot cong thitc kinh nghiém téng quat dia trén
két qua do dac tridu va séng ngoai khoi nhim dy doan cac
muyc nude cye tri xdy ra trong thap nién qua (2004-2014).
Thit ba, mbi lién hé gitta myc nude cuc han va hinh thai
ba bién (& day 1a chan con cat) da duge phan tich cho thoi
gian tit 2004 tré di, 1a thoi khodng ma khao sat bién déi
hinh théi con cat bit dau. Muc dich 13 nhim nhan dién
va gidi thich cdc pha x6i 16 vA hdi phuc clia hé théng con
cét ¢6 lien quan dén nhiing bién ddi dai han cta didu kien
khi tugng-hai duong; trong d6 nhan manh cac tran bio
gdy x6i va thoai lui mat trudc con cat.

2 Geomorphological and Hydrodynamic Setting
Piéu kién thuy dong luc va dia mao

The study area is the Vougot beach located on the North
coast of Finistere in Brittany (France) (Figure 2). The gen-

Viing nghién citu 1a bai bién Vougot thudc bs bac Fin-
istere tinh Brittany (Phap) (Hinh 2). Diéu kién dia mao



eral morphological setting comprises large rocky outcrops
representing the submerged part of the Léon plateau. Con-
tact between the coastal platform and the continental part
of the plateau consists of a partly tectonic scarp 30 to 50 m
high. In the Vougot beach area, the scarp is disconnected
from the sea by the existence of a dune which was formed
during the Holocene [34]. This dune, anchored on the Zorn
abandoned cliff, stretches over about 2 km in a southwest
to northeast direction (Figure 2b). It culminates at an
altitude of 13 m (NGF) (i.e., above sea level—asl); the
altimetric reference NGF refers to French datum. In our
case this reference is situated 3.5 m above the lowest astro-
nomic tide level (LAT). It represents a massive dune com-
plex 250 to 400 m wide. Over the last decades, the dune of
Vougot beach has experienced erosion. A historical shore-
line change analysis based on a series of aerial photographs
and field measurements from 1952 to 2014 shows that the
retreat of the dune principally affected the eastern part
of Vougot beach. Erosion was caused by the construction
of the Enez Croas Hent jetty in 1974 (Figure 2b), which
completely modified the hydrodynamics and interrupted
the westward sand drift, inducing an increase in sediment
loss for the Vougot beach/dune system [35]. Calculation
of erosion rates over the 1978-2000 period (following the
building of the jetty in 1974) showed that the maximum
retreat of the dune reached —0.6 m/year; and this rate has
increased from —0.6 m/year to —1.5 m/year over the last
decade (from 2000 to 2009) due to the impact of a ma-
jor storm on 10 March 2008 [35,36]. However, from spring
2008 to summer 2013, almost five years of dune recov-
ery occurred. It was characterized by dune progradation
reaching +12 m on the zones with the most accretion [37].
Finally, during the winter of 2013-2014, a cluster of about
12 storm events hit the coast of Brittany with an excep-
tional frequency [38]. Dune erosion of Vougot beach dur-
ing this period (between December 2013 and March 2014)
reached almost —15 m on the most retreated part. There-
fore, the maximum retreat of the dune between 2008 and
2014 was about —0.7 m/year.

Offshore incident waves obtained over the period 1979—
2002 show that they come mostly from the west—northwest
direction (242°) (Fig. 2a). The most frequent wave height
(Hmo) is between 1.5 and 3 m with an average height
reaching 2.2 m, and the most frequent period (T};.) is be-
tween 9 and 11 s, with an average period of 10.6 s. The
maximum wave height and period related to storm events
reached respectively 14 m and 20 s. Because of a tidal
range reaching about 7 m between MHWS and MLWS,
the Vougot beach is characterized as a macrotidal environ-
ment. The beach profile of the section studied is charac-
terized by different morphodynamic environments accord-
ing to the composite slope and concave beach (Fig. 3).
The lower part of the tidal beach, between MHWN and
MLWN, is mainly associated with low Iribarren parame-
ter values of <0.3 and a very gentle slope, tan 3, reaching
0.034 to 0.014. These morphodynamic conditions corre-
spond to a dissipative environment. In contrast, the up-
per beach, between MHWN and HAT, is characterized by
intermediate conditions with Iribarren values >0.72 and
beach slope tan 3 reaching 0.18 between HAT level and

n6i chung 14 nhing dai da 16n nho ra, thé hién phan chim
ctia binh dia Léon. Doan néi giita mat bs bién vi phan
luc dia clia binh dia ngay bao gdm mot dbc kién tao cao
tir 30 dén 50 m. O viing b bién Vougot, déc nay bi ngan
céch bién bdi mot con cat hinh thanh trong ki Holocene
[34]. Con cat nay, duge gén véi vach da bé hoang Zorn, da
kéo dai khoang 2 km theo huéng tit tay nam dén dong bic
(Hinh 2b). 6 N6 dat dinh & do cao 13 m (NGF) (trén muc
nuée bién—asl); hé quy chiéu cao do NGF quy vé moc ciia
Phép. Trong nghién cttu nay, hé quy chiéu dat & 3.5 m trén
muc nude tridu thién van thap nhat (LAT). N6 biéu thi
cho mot 6 hgp con cat 16n, rong tir 250 dén 400 m. Trong
thap ki qua, con cat bai bién Vougot da chiing kién x6i 16.
Nghién citu phan tich bién dong dudng bd lich st dya trén
mot loat anh hang khong va do dac thyc dia tir 1952 dén
2014 cho thiy sy thoai lui con cat chit yéu anh hudng dén
phan phia déng clia bii Vougot. Sy x6i 16 gay bdi thi cong
jetty Enez Croas Hent vao nam 1974 (Hinh 2b), viéc nay
lam bién ddi hoan toan ché do thiy dong luc va gian doan
dong cat trdi vé phia tay, lam tang su that thoat tram tich
ctia hé théng bai/con cat Vougot [35]. Tinh todn téc do
x6i thoi doan 1978-2000 (tiép sau khi xay dung jetty vao
nidm 1974) da cho thiy con cat thodi lui nhanh nhét len
dén 0.6 m/nam; va téc do nay con tang tit 0.6 m/nam
len —1.5 m/nam trong thap ki qua (ti 2000 dén 2009) do
dnh hudng ctia mot tran bao 16n ngay 10-3-2008 [35,36].
Tuy nhién, tit mua xudn 2008 dén heé 2013, c6 gan 5 nim
con cat hoi phuc. Didu nay dude dang trung bdi tdc do
lan bdi con cat lén dén +12 m & nhitng noi duge bdi nhidu
nhat [37]. Sau ciing, trong muia dong 2013-2014, mot nhém
gom khodng 12 tran bao dé bod vao bd bién Brittany véi
xAc suat ngoai 1& [38]. Su x6i 16 bai bién Vougot trong thoi
ki nay (tu thang 12-2013 dén 3-2014) da dat gan —15 m &
phan x6i nhanh nhéit. Nhu vy, toc do thoai lui cyc dai clia
con cat trong giai doan 2008-2014 14 khodng —0.7 m/nam.

Cac séng t6i ngoai khai thu dugce trong thoi doan 1979—
2002 cho thiy ring da s6 ching dén tit huéng tay-tay bac
(242°) (Hinh 2a). Chiéu cao séng thudng gap nhéat (H,,o)
la tir 1.5 dén 3 m v6i chiéu cao séng trung binh dat 2.2 m,
va chu ki thuong gap nhat (T;.) 1a tit 9 dén 11 s, v6i chu
ki trung binh 10.6 s. Chiéu cao va chu ki séng cuc dai gin
v6i cac tran bao 1an lugt dat 14 m va 20 s. Vi do I6n tridu
dat t6i 7 m gita MHWS va MLWS nén bai bién Vougot
dugc xép vao loai moi truong triéu manh. M#t cit ngang
bai bién nghién ctu duge dac trung béi cac moi truong
thuy dong lyc hinh théi khac nhau dya theo do déc tdng
hgp va bai bién 16m (Hinh 3). Phan thap hon ciia bi triéu,
gitta MHWN va MLWN, chti yéu 13 tng vé6i gia tri tham
s6 Iribarren thap < 0.3 va bai dbc thoai, tan 3, dat ti
0.034 dén 0.014. Cac diéu kién thuy dong hinh thai nay
ng v6i moi trudng tiéu tan ning luwong. Trai lai, phan
tréen ctia bai bién, gita MHWN va HAT, duge dac trung
bdi cac diéu kien trung gian véi sd Iribarren >0.72 va do
déc bai tan 8 dat 0.18 gitta muc nuéc HAT va chan con
cat. Do vay, tuy theo muc nuée tridu, séng vd ldc triu
cao ¢ nhitng moéi trudng thuy dong hinh thai khac nhau.



Hinh 1: | Figure 1. Method used by Cario-
let and Suanez [33] to calculate beach slope
for the runup calculation. The lower bound
corresponds to the limit of the profile sec-
tion where changes of elevation are the most
significant. This section concerns the upper
part of the profile, and it is called “active sec-
tion”. This limit of 43 m has been defined by
calculating the standard deviation of height
changes of the beach profiles (gray lines)
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the foot of the dune. Therefore, depending on the tide’s
water level, waves break at high tide on different morpho-
dynamic environments. Under neap tide conditions, wave-
breaking processes are related to rather dissipative condi-
tions, while under spring tides, intermediate to moderately
reflective conditions (Iribarren parameters up to 1.6) pre-
vail. This environmental context is important because the
behavior of runup under dissipative conditions is different
than during reflective and intermediate conditions [21,39].

3 Methods | Phuong phap

dac chiéu cao séng tran & thuc dia cho béi

. vét nude hay rac dong lai.

Duséi diéu kién triéu kém, cac qua trinh séng v dudc lién
hé véi céc diéu kien tuong ddi tieu tén, trong khi & tridu
cudng, cac diéu kién tir trung gian dén tuong déi phan xa
(tham s6 Iribarren lén t6i 1.6) lai pho bién. Diéu kien moi
truong nay la quan trong vi ting xit clia séng leo dudi dieu
kién tiéu tan sé khac trong cac diéu kién phan xa va trung
gian [21,39].

3.1 Monitoring of Dune Morphological Changes

Quan trac thay doi dia mao con cat

The monthly monitoring of dune morphological changes
started in July 2004. It consisted of beach/dune profile
measurements carried out along the cross-shore transect
presented in Figure 2¢, using a Trimble 5700/5800 Differ-
ential GPS. Data points described by three coordinate val-
ues (z,y, z) were collected in Real Time Kinematic (RTK)
mode. Measurements were calibrated using the geodesic
marker from the French datum and the geodesic network
provided by the IGN located about 2 km from the study
area. Several control points set up in the field were used
to assess the accuracy of the survey reaching +4-5 cm (X
and Y) and +1-2 cm (Z). These values were used to calcu-
late the margin of error associated with the dune sediment
budget.

Quan tric hing thai bién déi dia mao con cat bat dau tit
thang 7-2004. Cong viéc bao gdm do dac mit cit ngang
bdi/con cat doc theo tuyén ngang trén Hinh 2c, bing méy
dinh vi vi sai GPS higéu Trimble 5700/5800. Cac diém dit
lieu duéi dang cép ba toa do (z,y, z) thu duge theo ché do
dong hoc thai gian thiye (RTK). Cac s6 lieu do nay duge
hiéu chinh bing mbc thuy chuan ctia hé cao do Phap va
mang lu6i thuy chuan cung cap bdi IGN cach ving nghién
ctu khodng 2 km. Vai diém khéng ché lap nén ngoai thuc
dia duge ding dé danh gia do chinh xéac ciia do dac, von
dat t6i £4-5 cm (X va YY) va £1-2 cm (Z). Céc gia tri nay
dugce ding dé tinh pham vi sai s6 gdn véi qui bin cat ciia
con cat.



Hinh 2: | Figure 2. Location map. Regional setting and Roscoff tidal gauge station (a); local setting and location point
where offshore wave data (H,,o and T),0,—1) were calculated using (WW3) modeling (b); and aerial photography of
Vougot beach showing the beach/dune profile location and both wave/water level and atmospheric pressure sensors
(c). @ Ban dd viing nghién ctu. Diéu kién tir nhién va tram do triéu Roscoff (a); vi tri do séng ngoai khoi cting s6 ligu
séng (Hymo va Trno,—1) tinh bang md hinh hoa (WW3) (b); kém theo anh hang khong chup bai bién Vougot thé hien
vi trf mit cat bai/con cét va cd hai dau do séng/muc nude & ap suat khi quyén (c).
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Hinh 3: | Figure 3. (Red line): Mean cross-shore profile of the surveyed Vougot beach section. (Blue spot): The
standard deviation of profile elevation change rates (see Figure 1). Morphodynamic conditions (dissipative to reflective
conditions) have been analyzed along the concave beach profile using Iribarren value.  (Dudng dé): Mit cit ngang
trung binh clia doan bai bién Vougot dugce khao sit. (Diém xanh): Do lech chuan ciia toc do bién ddi cao trinh mat
cat (xem Hinh 1). Cac diéu kién dong lyc hinh thai (ti tieu tdn dén phan xa) da duge phan tich doc theo mat cat bai

bién cong 16m ding s6 Iribarren.

3.2 Survey of Beach Profile and Maximum Swash Elevation (Runup) R,,..
Khao sat mit cit ngang bai va do cao nudc tran 16n nhat (séng leo) R,,q.

Between July 2012 and June 2013, 59 measurements of
beach profile and maximum swash elevation were carried
out using the same method as the one followed in the pre-
vious study by Cariolet and Suanez [33]. Maximum swash
elevation was determined by the wrack deposit and/or the
limit of the water mark identified by a tonal change from
dark wet foreshore sand to light dry sand on the upper
beach (Fig. 4a). We assume that this limit corresponded
to the highest level reached by the runup during the pre-
vious high tide. Therefore, it corresponds to Ry, (maxi-
mum runup) instead of the generally used random variable
Ry9, that corresponds to vertical runup distance exceeded
by two percent of wave runups. In addition to the swash
elevation measurement, the beach/dune profile was also
measured in order to recover the morphological parame-
ters needed to analyze runup processes. These measure-
ments were acquired along the same transect and accord-
ing to the same DGPS method as described previously.
This data set was added to the 31 surveys conducted as
part of the study of Cariolet and Suanez [33]. In total, a
set of 90 morphological and runup measurements was used
in this study (Fig. 4b and Table 1).

Tt thang 7-2012 dén 6-2013, 59 dgt do dac mit cat bai va
muc nudc tran cao nhat dia dude thyc hién bing phuong
phap giébng nhu 6 nghién citu trude dé bsi Cariolet va
Suanez [33]. Myc nudc tran cao nhat duge xac dinh béng
vét rdc vi/hodic gidi han vét nudce phat hien bing su déi
mau sic tU cat w6t sdm mau & mat trude bai dén cat
kho siang mau & phan cao bai bién (Hinh 4a). Ching toi
coi ring gi6i han nay tuong tng véi muyc nude cao nhét
dat dugc bdi séng leo trong ki triéu lén trude dé. Do vay,
n6 ing v6i Ry (séong leo cyc dai) thay vi bién ngau
nhién thudng ding R,e ng véi chiéu cao séng leo vuot
bdi 2 phan tram trong sb cac séng leo. Ngoai viéc do dac
triéu cao soéng tran bai, mat cat bai/con cat ciing duge do
nham khoi phuc cac thong s6 hinh thai can dé phan tich
qua trinh séng leo. Nhitng do dac nay dugc thu dugc trén
cling mit cit va dya theo ciing phuong phap DGPS nhu
da mo ta trude day. Bo s6 lieu nay duge bd sung vao 31
dot khao sat tién hanh nhu mot phan ciia nghién ctu béi
Cariolet va Suanez [33]. Tong cong c6 90 s6 lieu do dac
hinh thai v& séng leo duge dimmg dén trong nghién citu nay
(Hinh 4b va Bang 1).
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Hinh 4: | Figure 4. The limit between dry and wet sand (water mark) at the level of high tide deposit (wrack line)
shows the level reached by the swash processes (a); DGPS measurement of beach/dune profiles and the maximum
runup elevation reached during the previous high tide (b). e Gi6i han gitta cat kho va u6t (vét nude) & myc tridu cao
(vet rac) cho thay cao trinh dat duge béi séng tran bai (a); Do dac bang DGPS cho mat ¢t bai/con cat va cao trinh
song leo cyc dai dat duge trong ki triéu cao trude do (b).

Béng 1: | Table 1. Overview of environmental conditions and dimen-
sional swash parameters where H,,o (m), T)n0,—1 (s), and Lo (m)
correspond to WW3 offshore wave, R4, (m) is runup field mea-
surements, and HTWL (m) is high tide water level.  Tong quan
céc diéu kién moi trusng va tham sb séng tran c6 thit nguyén, trong
d6 Hpo (m), Tino,—1 (8), v Ly (m) tng véi song WW3 ngoai khoi,
Rynas (m) 1a chiéu cao séng leo do ngoai hién trudng, con HTWL
(m) 1a myc nudc triéu cao.

Date Hpo (m) Tho-1 (s) Lo (m) Slope (tang) &o Rpae (m) HTWL (m)

Ngay Do dbc
08-04-2008 0.6 8.1 101 0.118 1.502 0.95 4.36
29-08-2008 1.0 8.3 107 0.061 0.623 0.30 3.10
29-09-2008 0.8 7.5 88 0.093 1.004 0.74 3.80
12-01-2009 3.6 12.9 261 0.096 0.825 3.24 4.01
13-02-2009 1.8 11.0 188 0.107 1.111 1.46 4.14
29-04-2009 1.7 8.7 119 0.071 0.591 0.93 3.37
17-12-2009 0.8 10.0 156 0.080 1.100 0.75 3.56
22-12-2009 1.0 8.0 101 0.067 0.680 0.67 3.22
23-12-2009 1.0 7.9 98 0.056 0.559 0.64 2.97
30-12-2009 1.6 10.5 171 0.073 0.749 1.11 3.40
04-01-2010 1.6 8.3 107 0.110 0.906 1.06 4.19
07-01-2010 2.3 6.6 69 0.058 0.319 0.69 3.09
13-01-2010 2.8 11.6 210 0.054 0.462 1.36 3.03
14-01-2010 2.6 11.8 217 0.069 0.635 1.43 3.36
16-01-2010 2.3 11.9 223 0.091 0.903 1.52 3.83
21-01-2010 2.8 12.9 261 0.054 0.525 1.40 3.04
28-01-2010 2.0 7.5 88 0.049 0.324 0.89 2.86
01-02-2010 1.5 6.6 68 0.123 0.837 1.57 4.53
03-02-2010 1.8 7.6 90 0.111 0.781 1.63 4.23
05-02-2010 2.9 11.5 207 0.068 0.570 1.14 3.35
05-02-2010 4.5 13.5 285 0.049 0.393 1.75 2.95
06-02-2010 4.1 12.0 226 0.039 0.293 1.02 2.41
26-02-2010 2.1 6.0 56 0.065 0.336 1.01 3.24
28-02-2010 1.5 5.6 50 0.124 0.710 1.50 4.56
03-03-2010 1.1 5.7 50 0.127 0.846 1.26 4.62
29-03-2010 1.2 7.6 89 0.113 0.965 1.08 4.28
31-03-2010 4.5 9.2 132 0.114 0.616 3.47 4.52
10-06-2010 1.3 6.2 61 0.051 0.347 0.47 2.87
13-07-2010 1.1 8.6 116 0.097 0.991 0.64 3.89
12-10-2010 1.8 6.3 62 0.082 0.482 0.63 3.61
08-11-2010 2.6 7.3 82 0.115 0.648 1.67 4.39
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1.02
0.99
1.08
0.10
0.14
0.45
0.91
1.89
1.89
0.78

3.95
3.73
4.63
3.60
2.24
3.52
3.46
2.45
3.25
3.49
3.13
2.39
3.15
4.13
4.64
4.14
2.25
2.50
2.92
3.91
2.33
2.63
2.95
3.81
3.68
3.98
243
2.20
2.29
2.53
3.93
1.60
1.87
2.30
2.99
2.63
3.89
4.04
4.17
4.32
3.57
3.98
3.15
3.50
3.17
3.40
3.49
3.71
4.04
3.10
2.92
2.73
2.39
2.36
2.69
3.02
3.91
3.79
3.89
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3.3 Hydrodynamic Condition Measurements

Do dac diéu kién thuy dong luc

Wave analysis is based on two data sets acquired between Phan tich séng duge dya trén hai bo s6 lisu thu duge ti
June 2012 and June 2013. The first one corresponds to thang 6-2012 dén 6-2013. Bo sd liéu thit nhét ng véi cac

records taken on the intertidal zone using the OSSI-010-

ban ghi tai vimg lién tridu sit dung dau do ap suat OSSI-

003C pressure sensor (accuracy +1.5 cm specification) (Ocea10-003C (thong s6 chinh xédc +1.5 ¢cm) (Ocean Sensor

Sensor Systems, Inc (R), Coral Springs, FL, USA), which
was deployed along the morphological profile mentioned
above, at —2.5 m asl which corresponds about to the low
water spring tide level (Fig. 2¢). A recording frequency of
5 Hz was chosen to reproduce as accurately as possible
the wave spectrum. The sensor was calibrated before and
after each deployment by comparing the pressure mea-
sured at the low tide level (when the sensor is out of the
water and thus measures atmospheric pressure) with the
atmospheric pressure recorded in situ. The atmospheric
pressure was measured using the HOBO U20 Water Level
Logger sensor (Onset Computer Corporation (R), Bourne,
MA, USA) which was positioned on the outside wall of
the nautical center (Fig. 2c). The second set of wave data
concerns simulations acquired from the WAVEWAT CH II1
model (WW3), which reproduced the offshore wave con-
ditions at the calculation point 4°29'24” W, 48°40'12"” N
at a water depth of 18.3 m [40,41].

Wave parameters such as wave height (H,,0) and pe-
riod (T)n0,—1) were extracted from both data sets for the
time periods corresponding to the high tide level (Fig. 5).
Results showed that the monitoring period was marked by
a high variability of hydrodynamic conditions. Between
the end of Nov. 2012 and mid-Feb. 2013, ten episodes
marked by high offshore waves (> 4 m) were recorded,
including the storm of 6 February, which was character-
ized by significant heights of > 6 m. One can also note the
two episodes of 14 May and 23 Jun., where the swells were
often above 4 m. A validation of the offshore wave data
set obtained using WW3 modeling was achieved by com-
paring these data to those measured in the tidal zone by
a wave gauge sensor. The correlation shows a good rela-
tionship between both sets of data, especially for the wave
height, with, however, less correlation regarding the peri-
ods (Fig. 5). Analysis of the tides is also based on records
taken in the tidal zone using gauge sensor OSSI-010-003C
(Fig. 2¢). The observed water level was computed taking
into account atmospheric pressure measured by the HOBO
U20 Water Level Logger sensor (Onset Computer Corpo-
ration (R), Bourne, MA, USA) set up on the study site
(Fig. 2¢). It was then possible to calculate the pressure
exerted by the water column and thus to calculate the
height of the latter with the following expression:

H(waterlevel) = (Psensor —

where H is the height of the water column (in m),
Psensor is the pressure measured by the sensor (in Pa),
Piimosphere is the atmospheric pressure (in Pa), p is the
density of water (= 1025 kg/m3), and g is the acceleration
of gravity (= 9.81 m/s?).

Water levels were smoothed to a moving average of
10 min to filter out deformations of the water surface re-
lated to wave action, and water levels corresponding to
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Systems, Inc (R), Coral Springs, FL, Hoa K¥), von dugc
trién khai doc theo mit cit dia hinh néu trén, tai mic —
2.5 m asl tuong tng v6i khodng myc nude tap tricu cudng
(Hinh 2c¢). Tan s6 do dac dugc chon bing 5 Hz dé tai lap
duge phd song cang chinh xac ¢ mic cang tét. Dau do
nay dugc hiéu chinh trude va sau mbi dot trién khai, bing
cach so sanh ap suét do tai myc nudce trieu thap (khi dau
do 16 ra ngoai nudce va khi d6 do a4p sudt khi quyén) véi
ap sudt khi quyén ghi dudc tai cing dia diém. Ap suét
khi quyén nay duge do bang dau HOBO U20 Water Level
Logger (Onset Computer Corporation (R), Bourne, MA,
Hoa K¥) von duge dat 6 ngoai tudng nha ciia trung tam
hai van (Hinh 2c¢). Bo s6 ligu séng thit hai bao gom két
qud mo6 phéng nhan duge tit mé hinh WAVEWATCH 111
(WW3), von tai lap diéu kien séng ngoai khoi ¢ diém tinh
toan 4°29'24” T, 48°40'12” B nai c¢6 do sau nude 18.3 m
[40,41].

Céac tham s6 séng nhu chiéu cao séng (H,,g) va chu
ki (T)n0,—1) déu duge trich xudt tit ca hai bo s6 lieu véi
cac khodng thoi gian tuong tng vdéi myc nuée tridu cao
(Hinh 5). Két qua cho thay thoi doan gidm sat duge danh
dAu béi mic do thay déi rdt manh mé ciia céc diéu kien
thuy dong lyc. T cudi thang 11-2012 dén gitta thang 2
2013, ¢6 mudi ki ¢6 dau an séng ngoai khoi cao (> 4 m)
duge ghi lai, trong d6 c6 tran bao ngay 6-2, dic trung
béi chiéu cao séng ¥ nghia > 6 m. Ciing c6 thé nhan thay
hai thoi ki ngay 14-5 va 23-6, khi cac séng lung thuong
cao hon 4 m. Ké qua kiém dinh bo s6 lieu séng nhan
dudc tit mo hinh hoa WW3 nhan dugdc bing cich so sanh
cac s6 lieu nay vdi nhiing s6 lieu do dude & ving tridu
bang dau do séng. Bidu dd tuong quan cho thiy su lien
hé t6t gitta hai bo s lieu, dic bigt 1a vé chiéu cao séng,
tuy su tuong quan thi yéu hon véi chu ki (Hinh 5). Viec
phan tich thuy triéu ciing duge dya trén cidc ban ghi thu
dugce ¢ ving triéu bang dau do OSSI-010-003C (Hinh 2¢).
Mutc nude quan tric c6 xét dén ap suat khi quyén do bang
dau do HOBO U20 Water Level Logger (Onset Computer
Corporation (R), Bourne, MA, Hoa Ky¥) cai dit tai ving
nghién cttu (Hinh 2c). Khi d6 ta c6 thé tinh dude ap suat
tac dung lén cot nude va tir d6 tinh ra chidéu cao cot nude
bing biéu thitc sau:

(7)

trong d6 H 1a chiéu cao cot nude (tinh theo m), Psepsor
la 4p sudt do bdi dau do (Pa), Patmosphere 1 4p suat khi
quyén (Pa), p 1a mat do nuée (= 1025 kg/m?), con g 1a
gia toc trong luc (= 9.81 m/s?).

S6 lieu muc nudc duge lam tron véi trung binh trugt
10 phiit dé loc hét nhitng bién hinh mit nude gay bdi tac
dong séng, va muc nudc ting vdi cad hai nuéc cao trong
ngay duge trich ra. Mot phép tinh tuong tu duge thuc

Patmosphere)/pg
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Hinh 5: |Figure 5. Offshore (WW3) and shallow (OSSI) wave heights (a) and periods (b) obtained between July 2012
and June 2013. Correlations between offshore and shallow wave heights (c¢) and periods (d). e Céc chiéu cao séng (a)
cung chu ki séng (b) ¢ ving nuée sau (WW3) va nuée nong (OSSI) thu duge tit thang 7-2012 dén 6-2013. Cac tuong
quan gitta séng nude sau va nude nong, xét vé chiéu cao (c) va chu ki séng (d).

both daily high tides were extracted. A similar calcula-
tion was done using data recorded at a permanent tide
gauge station near Roscoff located at about 30 km east
of the study site (Fig. 2). Both the time series from Guis-
sény and Roscoff were used to estimate the differences in
high tide water level between the two sites (Fig. 6). As
Fig. 6b shows, more than 500 high tide level records were
used for the statistical analysis, showing a very good cor-
relation between both the Roscoff and Guissény sites. The
mean deviation is 18 c¢m, with variations between 25 cm
for spring tides and 5 cm for neap tides (Fig. 6c¢).

Observed tide levels show that during the survey pe-
riod some episodes characterized by high spring tide levels,
with a tide coefficient close to 100 or higher, occurred (Ta-
ble 2). When these events were combined with a storm, the
measurement of runup elevation was considerably higher
because of the storm surge effect. This is mainly the case
for the following seven episodes: 17 Oct. and 17 Dec. of
2012, 29 Jan., 11 Feb., 11 Mar., 28 May, and 23 Jun. of
2013.

4 Results | Két qua

hién bang cach ding s6 licu thu duge tit tram do tridu gan
Roscoff, cach ving nghién citu khoang 30 km vé phia déng
(Hinh 2). C4 hai chudi thai gian tit Guissény va Roscoff
déu duge diing dé uée tinh do chénh léch vé mire nude tricu
cao gitta hai dia diém (Hinh 6). Nhu thiy trén Hinh 6b,
hon 500 ban ghi muyc triéu cao dugc dung dé phan tich
théng ke, cho thiy c6 su tuong quan tét gitta ca hai dia
diém Roscoff va Guissény. Do léch trung binh bing 18 cm,
va bién thién gitta 25 cm & ki tridu cudng va 5 cm ki tridu
kém (Hinh 6¢).

Céac mue nuée tridu thye do cho thiy ring trong sudt
ki quan tric, mot vai giai doan dic trung bdi muc nuée
cao triéu cuong, v6i hé sb tricu dat gan 100 hodc hon, da
xay ra (Bang 2). Khi cac sy kién nay két hop vdi bao, két
qué do cao trinh séng leo da cao hon hén vi Anh hudng clia
nude dang trong bao. Day chinh 14 nguyén nhan xdy ra &
7 giai doan sau: 17-10-2012, 17-12-2012, va 29-1, 11-2,
11-3, 28-5, 23-6 déu trong nam 2013.

4.1 Calibration of Battjes (1971) Runup Formula
Hiéu chinh cong thic séng leo Battjes (1971)

Fit analysis between observed runup values and morpho-
dynamic variables was achieved following the same method-
ological approach as the one used by Cariolet and Suanez
[33]. Morphodynamic parameters such as H,,0&o have been
used to characterize runup processes in as far as it was
demonstrated that these variables were best correlated
with runup when using the slope of the active section.
A new correlation between observed runup and H,,0&y
was calculated including the data set used by Cariolet and

Viec khép s6 licu gitta cac gia tri séng leo thyc do vi cac
bién s6 thuy dong hinh thai duge thyc hién theo cach tiép
can giéng nhu da dung béi Cariolet va Suanez [33]. Céac
tham s6 dong luc hinh thai nhu H,,o€o da duge ding dé
dac trung cho qua trinh séng leo trong pham vi cho théy
ring nhing bién ndy tuong quan t6t nhat véi chidu cao
séng leo khi st dung do dbc ctia doan mit cit hoat dong.
Mot tuong quan mdi gitta séng leo thyce do va H,,0&y duge
tinh toan bao gdm bo s6 lieu dung béi Cariolet va Suanez
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Bang 2: | Table 2. Inventory of high spring tide events characterized by a tide coefficient > 100. In France, the
magnitude of the tide from its average value is indicated by a coefficient expressed in hundredths, which lies between
20 and 120. A coefficient of 100 is associated with a maximum astronomical tidal range in Brest, calculated by the
Service Hydrographique et Océanographique de la Marine (SHOM). It is defined as follows: C' = (H — No)/U, where,
H: high tide water level, No: mean water level at Brest: 4.13 m, U: height unit specific to the locality at Brest: 3.05 m.
Tidal coefficients higher than 70 correspond to spring tides, below 70 they correspond to neap tides. A tidal coefficient
of 95 corresponds to mean spring tide level, 45 corresponds to mean neap tide level. o Liét ké cic dgt tridu cudng cao
dic trung béi he s6 tridu > 100. Tai Phap, do 16n tridu tit gid tri trung binh cia n6é dude chi dinh bing mot he sb biéu
thi biing s6 phan tram, nim trong khodng tir 20 dén 120. Hé s6 biang 100 thi gin v6i mot do 16n tridu thien van cyc dai
& Brest, tinh bsi Co quan Thuy dac bién ctia Phap (SHOM). Hé s6 nay duge = xac dinh nhu sau: C = (H — No)/U,
trong d6é H: myc nudc tricu cao, N,: myc nudc trung binh tai Brest: 4.13 m, U: don vi chiéu cao riéng cho dia phuong
Brest: 3.05 m. Cac hé s6 triéu 16n hon 70 thi tng véi tridu cuong, nhé hon 70 tng véi tridu kém. Mot hé s6 triéu bang
95 ttng v6i myc triéu cudng trung binh, bing 45 ng v6i muyc triéu kém trung binh.
Date and High Tide Time Tide Coefficient Predicted Tide Level (m) Observed Tide Level (m) Surge (m)

Ngay va gis dinh tridu Heé sb triéu Muc nuéce tridu du tinh Muyc nuéc tridu thiie do Nudce dang
17/09/2012 (17:25) 104 13 134 0.04
18/09/2012 (18:15) 106 4.29 1.27 0.02
19/09/2012*(06:20) 103 4.13 4.07 —0.06
16,/10,/2012(10:30) 107 1.27
17/10/2012(05:20) 109 4.36 4.73 0.37
18/10/2012(06:05) 105 4.29 4.55 0.26
14/11/2012-(04:15) 104 4.26 4.22 0.04
15/11/2012(05:00) 107 4.40 4.35 -0.05
16/11/2012(05:55) 104 4.36 4.39 0.03
14/12/2012(04:50) 104 4.32 4.66 0.34
15/12/2012(05:40) 104 .38 4.58 0.20
12/01,/2013(04:30) 102 1.23 4.38 0.15
13/01/2013(05:20) 106 4.39 4.42 0.03
14/01,/2013(06:11) 104 4.37 4.31 0.04
11/02/2013(05:11) 106 4.33 4.42 0.09
12/02/201305:52) 106 4.35 432 0.03
12/03,/2013(04:50) 102 4.14
13/03/20137(05:27) 103 4.16 4.26 0.1
28/03/20137(17:20) 103 4.06 4.22 0.16
29/03,/2013(05:40) 105 4.16 4.32 0.16
26/04/2013(16:55) 103 4.12 4.05 0.07
27/04/2013 (17:35) 106 4.18 4.15 0.03
26,/05,/2013(17:20) 104 4.2 4.22 0.02
27/05/2013(18:15) 104 4.16 4.31 0.15
24/06/2013(17:15) 102 4.22 4.16 0.06
25,/06/2013(18:00) 105 4.27
26,/06/2013(18:49) 103 4.15
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Hinh 6: | Figure 6. Comparison between tide level (a) and daily high tide water levels (b) recorded at Vougot beach,
using the OSSI-010-003C sensor, and at the permanent Roscoff tide gauge station. (c) Correlation between high tide
water levels recorded at Vougot beach and at the permanent Roscoff tide gauge station. e So sanh gitta muic nuée triéu
(a) vd muytc nude triéu cao hing ngay (b) do dudc tai bai bién Vougot, bing dau do OSSI-010-003C, va tai tram thuy
trieu ¢6 dinh Roscoff. (c) Tuong quan giita cdc myc nudc tridu cao do tai bai bién Vougot va tram thuy triéu ¢ dinh
Roscoff.

Suanez [33] (Figure 7). The relation can be expressed as: [33] (Hinh 7). Hé thic nay c6 thé duge biéu dién duéi

dang:
Rz = 0.68H,,,0&0 (8)
It gives the same result as the previous Cariolet and Cong thic cho ta cting két qua nhu nghién ctu truse
Suanez [33] study with a constant equal to 0.68 (95% con- béi Cariolet va Suanez [33] véi hing s6 bang 0.68 (khoang
fidence intervals [0.65; 0.71]). tin cay 95% la [0.65; 0.71]).

4.2 Elaboration of a General Empirical Equation
Xay dung mot phuong trinh thuc nghiém téng quat

This part of the work focused on the parameterization Phan nay tap trung vao viéc tham sé hod moét phuong
of a general empirical equation that is no longer depen- trinh thic nghiém tdng quat khong con phu thude vio
dent on morphodynamic parameters obtained from high- nhing tham s6 dong lyc hinh thai nhan duge tit nhitng do
frequency field measurements such as (i) the daily beach dac thyc dia tan s6 cao nhu (i) miit cit ngang bai hing
profile and (ii) the position of swash elevation along this ngay va (ii) vi trf cao do séng tran trén mit cit ngang nay.
profile. The approach is therefore to quantify the runup us- Do d6, cich tiép can 1a nhim dinh lugng chidu cao séng
ing hydrodynamic parameters such as offshore wave and leo bing cac tham s6 thuy dong lyc nhu séng ngoai khoi
water level, which are continuously recorded by wave and v& muc nudc, von duge do lién tuc bdi cic tram séng va
tide gauge stations. Morphological parameters such as the triéu. Nhimg tham s6 dia mao nhu do déc bai bién, tan f,
beach slope, tan 3, are meanwhile deduced from the mean thi dong thai duge suy ra tit mit cit ngang bai bién trung
beach profile assuming that the measurement of a daily binh, véi gia thiét ring viéc do dac miit cit ngang bai hing
beach profile is no longer taken, as we said earlier. How- ngay thi khong dudc thiyc hieén, nhu da dé cap & trén. Tuy
ever, the mean beach profile must be calculated from a vay, miit cit ngang bai bién trung binh phai dugc tinh tit
series of measurements already available. In this case, the mot loat cac két qua do dac sdn c6. Trong trudng hgp nay,
mean beach profile was calculated using all profile mea- mit cit bai trung binh duge tinh bang cach dung tit ci
surements recorded between June 2012 and June 2013. két qua do mit cit thu duge trong khoang tit thang 6-2012
Considering the previous method exposed in Section dén 6-2013.
4.1, the main problem encountered when predicting wave Xét phuong phéap trude da néu & muc 4.1, van dé chinh
runup on a beach with composite-slopes (or concave shape) gip phai khi ugc tinh chidu cao séng leo lén bai véi do doc
is how to define the upper and lower bounds of the beach phitc hgp (hodc hinh dang cong 16m) la céch ta dinh nghia
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Hinh 7: | Figure 7. Correlation between observed runup (R,q.) and Hy,0&o. Equation R4, = 0.68H,,0&0 is obtained;
it was Rpaz = 0.67H,,0&0 from Cariolet and Suanez [33] previous study. e Tuong quan giita chiéu cao séng leo thyec
do (Rmaz) v Hpmofo. DA nhan duge phuong trinh Ry,q, = 0.68 Hpy0fo theo két qua ciia Cariolet va Suanez [33], d6 1a

Rpaz = 0.67Hp080.

profile section for which the slope is calculated when they
are no longer measured on the field. Following the ap-
proach of [21,42], the slope has been calculated using the
observed high tide water level (HTWL) and a fraction of
the offshore wave height (H,,) from which the horizontal
beach slope section (HBSS) was defined (Figure 8). Dif-
ferent correlation tests have shown that 1/4H,,q gives the
best result in this case. Therefore, the upper and lower
bounds of the beach slope profile width is calculated as
follows

Boundupandlow = HTWL + 1/4H,,o

Swash runup is in this case best parameterized with a
best-fit R? (0.85) and RMSE (0.29 m). The coefficient of
the regression line is 1.01 with 95% confidence intervals
[0.97; 1.05]. In this case, the relationship can be expressed
as (Figure 8).

Rmaaz = 101Hm0£0

The use of wave height for the calculation of HBSS
gives a physical meaningful approach that is applicable
from low wave energy conditions to storm wave events.
The width of this beach section ranges from 3 m (Hy,o =
0.6 m and HTWL = 44 m asl) to 80 m (Hm0 = 6.1 m
and HTWL = 2.3 m asl), with an average value of 17 m
and standard deviation of 14 m (the mean of HmO for
the dataset is 2.2 m, with standard deviation 1.2 m), de-
pending on the position of the HTWL on the beach profile.
Figure 9 shows an overview of the measured runup (R,,q)
dependencies of estimated runup using both Equations (8)
and (10), and Equations (4)—(6) of Stockdon et al. [21]. Ac-
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cac gi6i han trén v dudi clia phan miit cit bai bién ma
ta can tinh do déc khi khong con do dac ngoai thuyc dia
nita. Dya theo cach tiép can clia [21,42], do ddc nay dugc
tinh béng cach ding muc nuée triéu cao thuc do (HTWL)
va mot phan ti 1é ctia chiéu cao séng ngoai khoi (H,y,g) tit
d6 doan dbc bai bién ndm ngang (HBSS) duge dinh nghia
(Hinh 8). Cac phép tuong quan khac nhau cho thay réing
1/4H 0 cho két qua t6t nhat trong trudng hgp nay. Vi
vay, cac gidi han trén va dudi clia bé rong mat cit déc bai
bién duge tinh nhu sau

9)

Trong trudng hgp nay, do cao séng tran duge tham s
hod t6t nhat qua phép khép dua vao R? (0.85) va RMSE
(0.29 m). He s6 ctia dudng hoi quy la 1.01 véi khoang tin
cay 95% 1a [0.97; 1.05]. Khi d6, hé thiic c6 thé duge biéu
dién nhu trén Hinh 8.

(10)

Viec dimg chiéu cao séng dé tinh HBSS cho ta mot
cach tiép can c6 y nghia vé ban chat vat 1y, c6 thé ap
dung dugc cho cac diéu kién tit nang lugng séng thap dén
cac tran bao. Bé rong ctia bai bién nay bién déi tit 3 m
(Hpmo = 0.6 m va HTWL = 4.4 m asl) dén 80 m (Hm0 =
6.1 m va HTWL = 2.3 m asl), v6i gia tri trung binh 17 m
va do lech chudn 14 m (tri trung binh ctia HmO trong bo s6
ligu 1 2.2 m, véi do lech chuan 1.2 m), tuy thude vao vi tri
ctia HTWL trén mat cit ngang bai. Hinh 9 cho thay tong
thé vé sit phu thuoc ciia chidu cao song leo do duge (Ryaz)
theo céc chiéu cao séng leo uéc tinh bing cach dung ca
hai PT (8) va (10), va cac PT (4)—(6) clia Stockdon &
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Hinh 9: | Figure 9. Overview of the measured runup (R,q.) dependencies of Hmo&y for both Equations (8) and (10),
and Equations (4)-(6) of Stockdon et al. [21]. @ Tong quan vé sy phu thuoc clia chiéu cao séng leo thyc do (Raz)
vao Hmo&p cho cé hai PT (8) va (10), cung céc phuong trinh (4)—(6) cta Stockdon & nnk. [21].
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Hinh 8: |Figure 8. Method used to calculate beach slope for the runup calculation. It is based on measured tide level
from which the beach section is defined. In contrast to the previous method, note that this approach is using the mean
beach profile instead of daily beach profile. ® Phuong phap duge ding dé wéc luong do déc bai trong phép tinh séng
leo. N6 dugc dya trén muyec tridu thyc do ma tit d6 phan mat bai duge dinh nghia. Khac véi phuong phap trude, &
phuong phap ndy, mit cit bai trung binh duge st dung thay vi mat cit bai hing ngay.

cording to the 95% confidence intervals (see Figure 9), the nnk. [21]. Cén c& vao khodng tin cay 95% (xem Hinh 9),
three correlations show that the three equations give very ba tuong quan cho thay ring 3 phuong trinh néu trén déu
similar results. Nevertheless, Equation (10) best fits the cho két qua rat tuong dong. Du vay, PT (10) khép nhat
observed runup. véi chidu cao séng leo quan sat dugc.
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Hinh 10: | Figure 10. Envelop of beach/dune profiles measured from July 2004 to December 2014 (a); The front of the
dune retreated during the two main storm events, which took place during the past 10 years (i.e., 10 March 2008 and
1 February 2014) inducing landward displacement of the foot of the dune (b). @ Dudng bao mit cit bai/con cat do
dugc tir thang 7-2004 dén 12-2014 (a); Mat trude ciia con cat thoai lui trong sudt hai tran bao 16n, x4y ra trong 10
nam qua (tite 1a vao cac ngay 10-3-2008 va 1-2-2014) da gay nén sy dich chuyén ctia chan con cit vé phia dat lién (b).

4.3 Long-Term Dune Changes Related to Storm Event Erosion and Recover | Nhing
thay doi dai ki vé con cat gin véi su x6i 16 va hoi phuc theo ting tran bao

This part of the study focused on the relationship between
the evolution of the dune sediment budget (in terms of ac-
cretion and erosion) and extreme water levels since July
2004. Following the “Property Erosion Model” method pro-
posed by Ruggiero et al. [19] and/or the storm-impact
scaling model proposed by Sallenger [18], the aim was to
assess the sensitivity of the dune to extreme water lev-
els by considering that erosion is experienced when the
dune foot elevation is below extreme water level. There-
fore, morphodynamic analysis was performed to identify
the erosion stages related to extreme events, combining
storm surge and high spring tide level, and on the other
hand, the recover periods associated to calm wave condi-
tions and/or low neap tide level.

Extreme water level was estimated for each daily high
tide level by summing the swash runup elevation calcu-
lated from the Eq. (10), and the measured tide level at
Roscoff calibrated to the Vougot beach site. The altitude of
the foot of the dune was obtained from monthly beach/dune
profile measurements. However, the great morphological
changes of the upper beach/dune section over the last ten
years made it very difficult to identify this morphologi-
cal proxy (Fig. 10a). When we analyze in more detail the
data set, three main phases related to strong dune erosion
were identified. These three erosion phases have induced a
landward displacement of the foot of the dune. As shown
in Figure 10b, the foot of the dune was situated at 15.5 m
from the head profile mark at the beginning of the survey.
It retreated over more than 3 m during the big storm of 10
March 2008 [36,37], and retreated again over 3 m during
the storm of 1 February 2014 [38]. These three reference
distances (15.5 m, 12 m, and 9.5 m) were used for the
calculation of the dune foot height.

The results show a good relationship between the nega-
tive sediment budget of the dune and phases during which
extreme water levels exceed the height of the foot of the
dune. On the contrary, when extreme water levels are be-
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Phan nay clia nghién cttu tap trung bao moi lien he gitta
dién bién quy tram tich clia con céat (xét vé khia canh bdi
va x061) v6i cadc myc nude cyc han ké tit thang 7-2004. Dua
theo phuong phap (md hinh) “Property Erosion Model”
deé xuét bdi Ruggiero & nnk. [19] va/hodc mo hinh thang
tac dong bao dé xuat bdi Sallenger [18], myc dich 1a nham
danh gia do nhay ciia con cat truée nhitng muc nude cic
tri, bing cach coi x6i 18 x4y ra khi cao trinh chan dun cét
nam dudi myc nuée cie han. Do vay, phan tich dong luc
hinh thai dude thiye hién nhim chi ra cac giai doan x6i 16
gin véi muc nude cyc han, két hgp gitta nuéec dang trong
bao v& muyc nudc tridu cudng cao, vi mit khic 14 nhing
giai doan phuc hdi ting véi diéu kién séng ling va/hoiic
muc nuée tricu kém thap.

Muyc nuéc cic han da duge tinh cho ting muyc triéu cao
hing ngay bing cich cong do cao séng leo tinh duge ti
PT (10) v6i myc nudc thuy trieu thuc do tai Roscoff higu
chinh cho vi trf bai bién Vougot. Cao d6 chan con cat dugc
thu dugc tit cic s6 do miit cit bai/con cat hing thang. Tuy
nhién, nhing bién ddi manh ctia phan phia trén bai/con
cat trong mudi nam qua da gay kho khan cho viéc nhan
dién dic trung hinh thai thay thé nay (Hinh 10a). Khi ta
phan tich ki hon bo s6 liéu, c6 thé nhan thay ba pha gin
v6i st x6i 16 manh con cét. Ba pha nay day gay nén sy
dich chuyén chan con cat vé phia dat lién. Nhu cho thiy
trén Hinh 10b, chan cdén cat & vi tri cach 15.5 m so véi
didm dau miat cit tai ldc bat dau khéo sat. N6 da thoai
lui khoang hon 3 m trong sudt tran bio 16n ngay 10-3-
2008 [36,37], va lai thodi lui hon 3 m lan nita trong tran
bao ngay 1-2-2014 [38]. Ba khoang cdch tham chiéu nay
(15.5m, 12 m, v& 9.5 m) dugc diing dé tinh chiéu cao chan
con cat.

Két qua cho thiy mot mbi quan hé chat ché gitta quy
biin cit am ciia con cat va cac pha trong dé mirc nude cie
han vugt chiéu cao chan con cat. Ngudce lai, khi myc nuée
citc han thap hon chiéu cao chan cdn thi quy bun cét tang
len (Hinh 11). C6 7 pha muc nude cyc han cao duge phét
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Hinh 11: | Figure 11. Evolution of the dune sedimentary budget related to extreme water levels over the period from
July 2004 to December 2014. e St bién ddi clia quy tram tich ctia dun cat lien quan dén cac miyc nude cyc han trong

thoi khodng tir thang 7-2004 dén 12-2014.

low the height of the foot of the dune, the sediment budget
increases (Fig. 11). Seven phases of high extreme water
levels are identified: from 28 Oct. 2004 to 12 Feb. 2005
(maximum water level: 7.19 m 12 Jan. 2005), from 03 Nov.
2005 to 31 Mar. 2006 (maximum water level: 8.12 m 31
Mar. 2006), from 08 Oct. 2006 to 20 Mar. 2007 (maximum
water level: 8.61 m 20 Feb. 2007), the 10 Mar. 2008 storm
event (9.23 m), from 09 Oct. 2010 to 20 Feb. 2011 (max-
imum water level: 8.79 m 09 Nov. 2010), from 17 Oct.
2012 to 11 Feb. 2013 (maximum water level: 8.43 m 17
Oct. 2012), and from 01 Jan. 2014 to 03 Mar. 2014 (max-
imum water level: 9.18 m 04 Jan. 2014) (Fig. 11). For six
of them, extreme water levels are well-related to an ero-
sion phase of the dune, with the exception of the period
from 09 Oct. 2010 to 20 Feb. 2011 (Fig. 12a—i). During this
last period, three episodes characterized by extreme wa-
ter levels higher than the foot of the dune were recorded
without erosion of the dune (09 Oct. 2010: 7.83 m; 09
Nov. 2010: 8.79 m; 20 Feb. 2011: 8.56 m). However, we
notice that these three extreme events have occurred dur-
ing a long phase of dune recovery, which started in spring
2008 (post-storm of 10 Mar. 2008) and ended during the
autumn of 2012 (Figure 12-From (j) to (1)). During these
four years, the sediment budget of the dune increased con-
siderably, inducing an elevation of the foot of the dune up
to 2 m. Therefore, extreme water levels never hit the foot
of the dune during this entire period except during the
short stage mentioned above. The two major dune erosion
stages which were recorded are related to the big storm
event of 10 Mar. 2008 [36,37], and to a cluster of storms
occurring during the winter of 2013-2014 [38].

5 Discussion | Thao luan

Following the previous study [33], this experiment has

hign: tit 28-10-2004 dén 12-2-2005 (muyc nudc 16n nhat:
7.19 m ngay 12-1-2005), tit 03-11-2005 dén 31-3-2006
(myc nude 16n nhat: 8.12 m ngay 31-3-2006), tir 08-10—
2006 dén 20-3-2007 (myc nude 16n nhat: 8.61 m ngay 20—
2-2007), tran bao ngay 10-3-2008 (9.23 m), tit 09-10-2010
dén 20-2-2011 (myc nude 16n nhat: 8.79 m ngay 09-11—
2010), tu 17-10-2012 dén 11-2-2013 (muyc nude 16n nhét:
8.43 m ngay 17-10-2012), va tir 01-1-2014 dén 03-3-2014
(myc nude 16n nhét: 9.18 m ngay 04-1-2014) (Hinh 11).
Véi 6 trong 7 pha néu trén, cdc muyc nudc cyc tri déu lién
hé 16 v6i mot pha x6i 18 clia con cét, chi trit giai doan
tr 09-10-2010 dén 20-11-2011 (Hinh 12a-i). Trong giai
doan cudi nay, ba thai ki dic trung bdi myc nude cyc han
cao hon chan con cét duge ghi nhan ma khong ¢6 x6i con
cat (09-10-2010: 7.83 m; 09-11-2010: 8.79 m; 20-2-2011:
8.56 m). Tuy nhién, chting t6i nhan thiy riing ba sy kién
ciic han nay da xay ra trong mot pha dai khi con cat phuc
hoi; pha nay bat dau vao miia xuan nam 2008 (sau tran
bdo ngay 10-3-2008) va két thic trong mua thu nam 2012
(Hinh 12ttt (j) dén (1)). Sudt 4 ndm néu trén, quy bun
c4t clia con da tang len dang ké, din dén cao trinh chan
con lén t6i 2 m. Do d6, cic muc nudc cyc han khong khi
nao tac dong t6i chan con cat trong sudt thai ki nay ngoai
trir giai doan ngan néu trén. Hai ki x6i 16 chinh dudc ghi
lai da lién quan t6i tran bao 16n ngay 10-3-2008 [36,37],
vad mot nhém céc tran bao dién ra mua dong 2013-2014
[38].

Tiép ndi nghien citu trude day [33], dot thi nghiem nay da

more deeply examined new parameterization of the runup  kiém tra sau hon cach tham s6 hoa méi cho cong thitc song
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09/01/2014

Hinh 12: | Figure 12. Photos illustrating dune erosion which occurred during the high extreme water levels phases
inventoried in Figure 11: (a) post-12 January 2005 extreme water level; (b) a day before 31 March 2006 extreme
water level; (c) post-20 February 2007 extreme water level; (d) 10 March 2008 storm event; (e) post-10 March 2008
storm event; (f) post-17 October 2012 extreme water level; (g) post-04 January 2014 extreme water level; (h) post-02
February 2014 extreme water level; and (i) 03 March 2014 storm event. Photos illustrating the dune recover phase
post-storm of 10 March 2008 to September 2012 (j-1). o Anh chup minh hoa sy x6i 16 cdn cat xay ra trong cac pha
muc nude cao cie han da duge kiém ké qua Hinh 11: (a) sau muc nuée cire han 12-1-2005; (b) mot ngay trude muc
nuée cye han 31-3-2006; (¢) sau muc nude cyc han 20-2-2007; (d) tran bao 10-3-2008; (e) sau tran bao 10-3-2008; (f)
sau muyc nude cye han 17-10-2012; (g) sau myc nude cyc han 4-1-2014; (h) sau myc nude cye han 2-2-2014; va (i) tran
bio 3-2-2014. Cac anh chup giai doan phuc hodi con cat sau béo tir 1-3-2008 dén thang 9-2012 (j-1).
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formula [1] for predicting total swash elevation in the ex-
treme water level calculation. The focus was put on param-
eters that provide a first-order description of the beach
morphodynamic environment, such as deep wave height
(H,), period (T), and beach steepness tan 8, which are
expressed in terms of the non-dimensional surf parameter
(Iribarren number &y) [27]. Thus, measurements of local
wave height have confirmed the validity of the use of the
deep-water wave height (H, at 18 m water depth) obtained
by modeling. Similarly, in-situ measurements of water lev-
els have improved the estimation of extreme water levels at
the coast and determined the tidal range of the tide gauge
shifts between Roscoff tide gauge station and the site of
Guissény. The mean deviation is 18 cm, with variations
between 25 cm for spring tides and 5 cm for neap tides.
It is close to the 13 cm mean deviation calculated in the
previous study that was based on a shorter data set and
a less accurate method [33]. Concerning the beach steep-
ness, the new set of data used in this study has confirmed
the complexity of defining the best beach slope for use
in the runup formula when the beach exhibits composite-
slope and/or a concave profile. As demonstrated by Cari-
olet and Suanez [33], the slope of the active section of the
upper beach gives a good fit in comparison to the field
measurement (R?: 81%; RMSE of 33 cm). Nevertheless, a
best-fit was obtained when beach slope was calculated us-
ing observed water level (R?: 85%; RMSE of 29 cm). This
approach, based on sea level changes due to tides and/or
storm surges, allows for better consideration of beach slope
variations in the context of a concave beach profile. As al-
ready indicated by Mayer and Kriebel [43] the use of fixed
bounds (upper or lower bounds) or an averaged planar
slope for the calculation of beach steepness is therefore
inappropriate when beaches exhibit complex morphology
with a composite-slope, especially in a macrotidal envi-
ronmental context. If we take into consideration the steep
slope face of the upper concave beach (0.08 > tan 5 > 1.8),
this experiment also confirms the findings of Nielsen and
Hanslow [32], attesting that the best-fit distribution is pro-
portional to the surf similarity parameter (xi,) on inter-
mediate to reflective beaches in agreement with Hunt’s for-
mula for runup of regular waves on steep slopes. However,
statistical tests have indicated that the reflective-specific
Equation (5) of Stockdon et al. [21] was also best fitted
to runup field measurements (Ry,qz), and therefore both
Equations (8) and (10).

Long-term erosion of the dune related to extreme wa-
ter levels shows different pluri-decadal phases. From 2004
to 2006, the dune sediment budget indicated normal func-
tioning characterized by erosion and high water levels dur-
ing winter and accretion associated to low water levels
during summer. However, dune sediment budget slightly
decreased during these two first years. From the winter of
20062007 to the storm of 10 March 2008, the dune ex-
perienced a phase of significant sediment budget decrease
related to several high extreme water level events. As men-
tioned earlier, this stage was followed by a long phase of
dune recovery that ended during the winter of 2012-2013.
The increase of the dune sediment budget was explained
by supply from post-storm sediment transport between the
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leo [1] nhim dy doan mutc nutée tran tdng cong trong phép
tinh myc nude cyc han. Trong dé6 tap trung vao cac tham
s6 cho phép mo ta & mitc dé ban dau mai trudng dong luc
hinh thai bai bién, nhu chiéu cao séng nuée sau (Ho), chu
ki (T), va do doc bai bién tan 3, von duge biéu dién dudi
dang tham s6 séng va phi thit nguyén (s6 Iribarren number
&o) [27]. Do vay, két qua do dac chiéu cao séng dia phuong
da khang dinh tinh ding din cta viéc sit dung chiéu cao
séng nuée sau (H, tai do sau 18 m) nhan dude bing mo
hinh hoa. Tuong tu, cac do dac muc nude tai chd da cai
thién phép ude tinh cac miyre nuée ce tri tai bs va xac dinh
do 16n tricu chénh léch giita tram triéu Roscoff va khu vie
Guissény. D6 lech trung binh bing 18 cm, v6i mitc bién
dong gitta 25 cm ki tridu cudng va 5 cm ki tridu kém. Két
qud Tat sat véi con s6 do léch trung binh 13 cm da tinh
dugc trong nghién ctu trude, von dua trén bo s6 lidu ngan
hon vA mot phuong phap kém chinh x4c hon [33]. Vé do
déc bai bién, bo s6 lieu méi ding trong nghién ciu nay da
khéng dinh tinh phiic tap trong cach dinh nghia do déc
bai bién t6t nhét sit dung cho cong thiic séng leo khi bai
bién thé hien do dbc phiic hgp va/hodc mat cit bai cong.
Nhu da cho thay béi Cariolet va Suanez [33], do doc cia
phan hoat déng phia trén clia bai cho ta két qua khép véi
s6 lieu do hién truong (R?: 81%; RMSE bang 33 cm). Tuy
vay, két qua khép tot nhat nhan duge khi do ddc bai bién
duge tinh theo myc nuée thye do (R?: 85%; RMSE bing
29 cm). Phuong phéap nay, von dya trén thay déi muyc nude
bién do thuy triéu va/hogc nudc dang trong bao, da cho
phép xét ki hon su bién déi do déc bai trong truong hop
mit cit bai dang cong. Nhu da chi ra bdi Mayer va Kriebel
[43], viec dung cac gidi han ¢b dinh (giéi han trén va duéi)
hoic mot miit déc trung binh dé tinh do déc bai do vay sé
khong phit hop khi bai bién thé hién hinh thai phiic tap véi
do dbc phiic hop, dic biét trong trusng hgp méi trudng
tridu manh. Néu ta xét dén mat nghiéng ddc phan trén
ctia bai bién cong (0.08 > tan > 1.8), thi nghiém nay
ciing khang dinh nhitng phét hién cia Nielsen va Hanslow
[32], minh chiing r6 rdng dang phan b6 khép nhéat thi ti
lé v6i tham s6 dong dang séng vo (zi,) trén cic bai bién
t trung gian dén phan xa, hop véi cong thitc Hunt tinh
chiéu cao leo clia nhitng con séng déu trén mai ddc. Tuy
nhién, nhitng kiém dinh théng ké cho thay ring PT (5)
dung riéng cho phén xa ctia Stockdon & nnk. [21] cing
khép nhat véi cac do dac séng leo hien truong (Ryaz), va
do vay cé hai PT (8) va (10).

St x6i 16 dai han clia con cat gan véi nhitng muyc nude
cie tri cho thay cic pha khac nhau, méi pha kéo dai vai
thap ki. Tt 2004 dén 2006, qiiy tram tich ctia con cat cho
thay sut hoat dong binh thudng dic trung béi sy x6i 16 va
cac myc nudc cao xay ra trong mia dong, va bdi ling gin
lién véi myc nude thap trong mua he. Tuy nhién, quy tram
tich ctia con cat da giam di phan ndo trong hai nim dau.
Tt mua dong 2006-2007 dén tran bao ngdy 10-3-2008,
con cat da chitng kién maot ki suy gidm quy tram tich gan
v6i mot vai sy kién muc nudc cao cyc tri. Nhu da dé cap
truée day, giai doan nay dugc tiép néi bsi mot thai ki dai
hoéi phuc con cat, von két thic vao mua dong 2012-2013.
Su tang clia quy tram tich duge giai thich bing sut b sung
tit van chuyén tram tich sau bao gitta phan cao va phan
thap thuoc bai lién tritu—viung gan by dén mat bai [37].



upper intertidal beach and the lower intertidal beach—The
nearshore to shoreface zone [37]. This sand supply took
place during low extreme water levels associated with cold
winters. The last phase was again characterized by a sig-
nificant loss of dune sediment budget due to the erosion
effects of the stormy winters of 2012—2013 and 2013—-2014.

The inter-annual variability in dune erosion and accre-
tion may be related to the winter North Atlantic Oscilla-
tion (NAO) index. Figure 13 presents NAO index fluctu-
ation for the whole survey period (2004-2014). It shows
three different phases that could be related to dune mor-
phological changes. From 2000 to 2008, a positive index
(denoted NAO+) is observed (Figure 13). Generally, this is
associated to strong southwesterly winds that bring warm
air deep into Europe. This results in mild and wet win-
ters characterized by active storms that hit Western Eu-
rope at the latitude of England and Brittany. The winter
of 1989-1990 is a good example of this weather pattern
[44,45], as well as the winter of 2013-2014, during which a
cluster of a dozen storms hit the Brittany coast [38,46]. In
contrast, the second phase, from 2008 to 2012, is character-
ized by a negative index (NAO-). In this context, western
European areas suffer cold dry winters and storm tracks
are shifted towards the south of Europe (North Spain and
Mediterranean areas). These meteorological conditions are
favorable for the regeneration of dune systems because the
dry weather is generally associated with effective aeolian
transit to the dune. At the same time, the absence of ma-
jor winter storms plays an important role in the low ero-
sion of the dunes during these periods. The third and last
phase that began in the winter of 2012-2013 is charac-
terized by a positive NAO index. It accompanied warm
and stormy winters, especially the winter of 2013-2014
[38,46]. Between December 2013 and March 2014, a clus-
ter of about 12 storm events hit the coast of Brittany with
an exceptional frequency. It was in February that these
storm events were the most frequent and particularly vir-
ulent. The significant wave heights measured off Finistere
reached, respectively, 12.3 and 12.4 m during the Petra
and Ulla storms on 5 and 14 February. However, anal-
ysis of hydrodynamic conditions showed that only three
episodes promoted extreme morphogenetic conditions be-
cause they were combined with high spring tide level. The
first one occurred from 1-4 January, it was followed by
events during 1-3 February, and 2 and 3 March. As in-
dicated on Figure 12, these three events generated high
extreme water levels and strong dune erosion. The max-
imum retreat of the front of the dune during this period
reached more than —16 m [38].

Consistent with this assumption, many studies have
suggested that the North Atlantic Oscillation (NAO) may
control the occurrence of storm events in the Atlantic, and
thus potentially influence coastal morphological changes.
The role of the NAO in coastal morphological dynam-
ics has been suggested by Masselink et al. [48] to ex-
plain medium-term outer sand bar dynamics in the south-
west of England (Perranporth). It was also suggested by
Thomas et al., after analyzing beach rotation at South
Sands Tenby in West Wales [49,50] and O’Connor et al.
[51] concerning long-term shoreline and ebb channel evo-

21

Su bd sung tram tich nay dién ra trong khi muc nuée &
mtc thap cyc han gin véi cac mua dong lanh. Giai doan
cudi cing, mot 1an nita, lai duge dic trung bdi bin cat méat
dang ké tit quy tram tich con cét, do nhing hiéu tng x6i
16 trong cac mia dong nhidu bao 2012-2013 va 2013-2014.

Su bién dong qua nhiéu nam ciia hién tugng boi x6i
con cat c6 thé lien quan dén chi s6 dao dong Bic Dai
tay duong (NAO) mila dong. Hinh 13 biéu thi hai dao
dong chi s6 NAO trong ca thoi ki khao sat (2004-2014).
N6 cho thay ba giai doan khac nhau c6 thé lien quan dén
cac bién doéi hinh thai cdn cat. Tt nam 2000 dén 2008,
mot chi s6 duong (ki hieu NAO+) duge thay (Hinh 13).
Nhin chung, hién tugng nay gin véi gié tay nam manh von
mang khéi khi 4m vao sau trong Chau Au. Diéu nay gay
ra két quéa cac mila dong on hoa v am u6t, dic trung béi
cac tran bao hoat dong dd bo Tay Au ngang vi do nuéc
Anh va Brittany. Mua dong 1989—1990 1a mot vi du 16
rét cho loai hinh thai tiét nay [44,45], ciing nhu mua dong
2013--2014, trong d6 mot cum khoang 12 con bio dé bo
vao bs bién Brittany [38,46]. Trai lai, giai doan thit hai,
tir 2008 dén 2012, thi dugc dic trung bdi mot chi s6 am
(NAO-). Khi d6, cac khu vie Tay Au chiu nhitng mia

dong kho lanh va qui dao bao dich vé phia Nam Au (Bic
Tay Ban Nha va khu vyc Dia Trung H&i). Nhitng diéu kien
khi tugng nay déu thuan 1gi cho viéc tai tao hé théng con
cét vi mia kho thuong gin véi van chuyén cat huéng vé
con cat. CUng lac d6, sy ving mit ciia nhitng tran bao
mua dong lai dong vai trdo quan trong véi sy it x6i 16 cac
con cat trong giai doan nay. Giai doan thit ba va cudi ciing
bat dau vio mila déng 2012—2013 dudc dic trung bdi mot
chi s6 NAO duong. N6 di kem v6i cdc mua dong Am va
nhiéu bdo, dic bigt 1a mua dong nam 2013--2014 [38,46].
Gitta thang 12-2013 va 3-2014, mot nhém khoéng 12 con
bao dé bo vao bs bién Brittany véi tan suit cao dac biet.
Chinh vao thang 2 ma nhing tran bdo nay thuong xuyén
nhat va diic biet dit doi. Cac chiéu cao séng do dugc ngoai
khoi Finistére dat dén lan luct 12.3 v& 12.4 m trong cac
tran bao Petra va Ulla vao cac ngay 5 va 14-2. Tuy nhién,
phan tich cic diéu kién thuy dong lyc cho thay chi cé ba
giai doan phéat trién manh cyc do vé hinh thai vi chiing
két hop véi muc nude dinh triéu cudng. Tran bao thit nhat
x4y ra tit 1—4 thang 1, tiép theo bdi cic tran 1—3 thang
2, va 2—3 théng 3. Nhu dugc chi ra trén Hinh 12, ba tran
bao nay gay ra cac muc nuéc cuc cao va x6i 16 manh con
cat. Khoang cach thoai lui nhiéu nhat clia mat trudc con
cat va trong giai doan nay lén dén hon —16 m [38].
Théng nhat véi gid thiét nay, nhidu nghién citu ciing da
goi ¥ riing dao dong Bic Dai tay duong (NAO) c6 thé kiém
soat sit xuat hién ciia nhitng tran bao trén Dai tay duong,
va do vay ¢6 nhiéu tiém ning Anh hudng dén bién ddi hinh
thai bo bién. Vai tro ciia NAO trong dong liyc hoc hinh
thai bo bién da duge dé xuat bdi Masselink & nnk. [48]
dé giai thich dién bién dong luc dai cat ngoai, trong thoi
doan trung binh, § mién tay nam nuéc Anh (Perranporth).
Diéu nay ciing duge dé xuét béi Thomas & nnk., sau khi
phan tich st xoay huéng bo bién tai South Sands Tenby
thuoc mién Tay X Wales [49,50] va O’Connor et al. [51]
ve sit bién ddi dai han ctia dudng bd va lach triéu rit
ving tay bac Ireland. Ciing két luan nay duge duge ra béi
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Hinh 13: | Figure 13. North Atlantic Oscillation Index (NAO) from 1950 to 2015 [47]. ¢ Chi s6 Dao dong Béc Dai tay

duong (NAO) tit nam 1950 dén 2015 [47].

lution in northwest Ireland. The same conclusion was put
forward by Vespremeanu-Stroe et al. [52] who showed that
shoreline changes at decadal time scales were also driven
by the NAO which controls the storminess on the Danube
delta coast. Nevertheless, analysis of long-term dune mor-
phological changes on the Sefton coast (west England)
indicated only a modest relationship between dune ero-
sion/accretion rates and the North Atlantic Oscillation
index [20]. The authors suggested that these dune ero-
sion/accretion phases are also related to the long-term
beach sediment budget that governs essential changes in
the morphology of the nearshore and offshore zones. Sim-
ilarly, Montreuil and Bullard indicated that the winter
North Atlantic Oscillation phase was not a good indicator
of storminess on the east coast of England but may be a
useful proxy for quiescence [53]. For this specific coastal
area, the authors found the Jenkinson daily weather type
classification to be a better proxy for the occurrence of
strong onshore storm winds.

6 Conclusions | Két luan

The runup process is still relatively too complex to param-
eterize in a macrotidal environment where beach profiles
exhibit a composite-slope. This morphology is quite often
found in North Brittany along the Channel coast where the
tidal range is considerable. This study revealed a number
of points related to the runup processes:

e The methodological approach of measuring the max-
imum swash elevation using wrack deposit and/or
the limit of the water mark in the field is relatively

easy to implement and requires much less post-treatment

compared to classic video measurements. However,
this method is extremely time consuming and does
not allow for collection of a large dataset, which no-
tably limits the statistical analysis.

e This experiment confirms that the beach slope scaled
with &y plays a key role in the parameterization of
the runup equation when the morphodynamic con-
text of the beach is shifting from intermediate to
reflective according to high-neap or spring—tide wa-
ter level. In this context, beach slope may be much
more important in runup elevation distribution than
a wave component such as HO or LO.

e In comparison to the previous study of Cariolet and

Vespremeanu-Stroe & nnk. [52]; nhém nghién citu dé cho
thay ring bién déi dudng bo trong cd thoi gian thap ki
ciing bi chi phéi bdi NAO, vén kiém soat miic do biao 6 ba
bién chau thé Danube. Di1 vay, két qua phan tich cac dién
bién hinh thai con cat dai han tai bd bién Sefton (mién
Tay nuée Anh) cho thiy chi c6 mdi quan hé md nhat giita
toc do x6i/boi con cat va chi s6 dao dong Bac Dai tay
duong [20]. Cac tac gia nay dé xuat rang nhiing giai doan
x6i/bdi con cit nay ciing hién hé véi quy tram tich bai
bién dai han, vén quy dinh nhing thay déi co ban vé hinh
thai cidc viing gan bd va xa bd. Tuong tu, Montreuil va
Bullard da cho thiy ring giai doan dao déng Bic Dai tay
duong mila dong thi khong phai con s6 chi thi t6t cho mtic
do bao & bo bién dong nuée Anh, ma c6 thé 1a mot dai
lugng thay thé hitu ich cho miic do tinh lang [53]. Riéng
v6i viing bd nay, cac tac gid tim duge cach phan loai thoi
tiét ngay theo Jenkinson 1& dai lugng thay thé t&t hon cho
su xuat hién gi6 bdo manh huéng vé bs.

Qua trinh séng leo con tuong déi kho tham sd hoéa trong
moi truong thity triéu manh, noi mat cit bai bién thé hien
do déc phitc hgp. Hinh thai nay thuong gip ¢ mién Bic
Brittany doc theo bd bién Eo Manche noi do 16n tridu 1a
déng ké. Nghién cttu ndy da lam ré mot sé diém lien quan
dén quéa trinh séng leo:

e Céch tiép can theo phuong phap dé do muyc nuée
séng tran cao nhat bang cac vét rac dong va/hodc
gi6i han muyc nuéc tai hién truong thi kha dé thyc
hién va it phai x& 1y ndi nghiép so véi cach do video
truyén théng. Tuy nhién, phuong phap trén lai rat
ton thoi gian va khong cho phép thu thap bo sb lieu
16n, vén gay han ché dang ké cho viéc phan tich
théng ke.

e Thi nghiém nay khang dinh ring do dbc bai bién
gidn ti 1& vai & déng vai tro then chdt trong viee
tham s6 héa phuong trinh séng leo khi didu kién
dong Iyc hinh thai bai bién chuyén tit trung gian
sang kiéu phan xa theo muc nuéc dinh triéu kém
hay triéu cudng. Trong bdi canh do6, do ddc bai co
thé quan trong hon nhiéu hon la mot thanh phan
séng nhu Hy hosic Ly xét vé anh hudng dén phan bb
chiéu cao séng leo.
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Suanez, the use of observed water level changes due
to astronomical tide and/or storm surges for the cal-
culation of beach slope gives better results (RMSE
decreasing from 0.33 to 0.29 m for Equations (8) and
(10), respectively). This is explained by the fact that
both the upper and lower bounds defining the beach
section on which the slope is calculated are shifting
according to the sea level changes. Therefore, the
slope values obtained are much more fair and ac-
curate, especially when the beach profile is concave
and tidal range is large (&~ 7 m), as is the case in
this study.

Taking into account the environmental conditions
and dimensional swash parameters of the Vougot
beach, the Stockdon’s Equations (4)—(6) [21] may
also be used with the appropriate beach slope value

By-

Dune retreat, and hence volume of sand eroded, de-
pends on extreme water level (and therefore the fre-
quency and intensity of each runup event) when its
height is greater than that the toe of the dune.

A good relationship seems to be revealed between
erosion phases of the dune due to high extreme water
levels and NAO+. In contrast, NAO- is associated to
phases of dune recovery during cold and non-stormy
winters.
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asl above sea level trén muc nudc bién

IGN Institut Géographique National Vién Dia Iy Qubc gia Phap

MHWS  Mean High Water Spring Myc nuéc trung binh cao triéu cuong
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MHWN Mean High Water Neap Myc nuéc trung binh cao triéu kém
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NGF Nivellement Général Francais He théng cao do chudn Phap

RMSE  Root Mean Square Error Sai s6 can quan phucng

SHOM  Service Hydrographique et Océanographique de la Marine Cod quan thuy dac hai duong Phap
WW3 WAVEWATCH IIT model Mo hinh WaveWatch IT1
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