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Abstract

Equilibrium beach formulations are useful tools fooviding solutions to coastal erosion problemefjrdng the final
orientation of a beach on a scale of years and ttheys are used for evaluating the shoreline regpaloe to human
interventions. Throughout the literature, severplaions can be found for obtaining the Static Hopiiim Planform
(SEP) of Headland Bay Beaches (HBBs), one such beiagPtrabolic Bay Shape Equation (PBSE). The SEP
significantly depends on the location of the dowsast control point (§ which is the down-drift limit from which the
PBSE is applicable. Existing formulae for determgnithe location of (§, are limited to specific conditions,
particularly for close structures from the shoreli€onsequently, they are neither valid for (HBBsyames with a
wide variability of wave climate directionality nor cases where the diffraction point is locatedfifam the shoreline.
Accordingly, this study investigates the effectlué directional wave climate on locating thg)(Boint, employing 44
(HBBs) in Spain and Latin America. The results of sfiedy have confirmed the dependence of the latatfaPR,),
and thus the planfrom shape on the degree of \ilityyadif the nearshore directional wave climate.

Key words: Headland bay beaches, wave diffraction, wave cimequilibrium planform, down-coast control point,
directional variability

1. Introduction

Many coastline sections feature curved shorelinenggry behind natural headlands and man-made
breakwaters. Headland Bay Beaches (HBBs) exemmtié/ of the most common physiographic features on
the oceanic margins all over the world. It is cladrthat they occupy about 50% of the world’s cazessl
(Inman and Nordstrom, 1971). They also exist ondtige of coastal closed seas and lakes (Hsu et al.,
2010). This coastal feature is considered by botistal scientists and engineers to be a stabldoland
Because of their geometries, these shorelines lace raferred to as embayed beaches or structurally
controlled beaches (Short and Masselink, 1999)kgtogeaches (Yasso, 1965), spiral beaches (Krumbein
1944) and crenulate-shaped bays (Silvester and $#2). The stability of these beaches, with themndus
curved parts, have inspired research by coastdheag to study and define them in the planform in
relation to the wave climate. Hsu et al. (2010%sifted the planform of (HBBS) to be in static difpium,
dynamic equilibrium, unstable or natural reshapiAgstatic equilibrium HBB is a state where the
predominant waves are breaking simultaneously atdba whole bay periphery; hence the littoral drift
produced by longshore currents is almost non-eniistad no additional sediment is required to mainta
the long-term stability.

Several empirical equations have been formulateahitoic the Static Equilibrium Planform (SEP) of
natural headlands sculptured by nature. The moltkwewn models in the literature are the logaritbm
spiral model (Krumbein, 1944; Yasso, 1965), thednpplic tangent model (Moreno and Kraus, 1999), and
the Parabolic Bay Shape Equation (PBSE) derivetisly and Evans (1989). Nowadays, the PBSE is the
most widely used model in coastal engineering prest(Gonzélez et al., 2010), and has received the
recognition of the Coastal Engineering Manual (UEAQ002) for coastal management and project
evaluation. Consequently, it has been implemermntgtie MEPBAY software (Klein et al., 2003b) as well
as the Coastal Modeling System package (SMC) (Gen#i al., 2007; Gonzélez et al., 2016). The PBSE
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is a second-order polynomial equation derived ffdtmg the planform of 27 mixed cases of prototype
and model bays believed to be in static equilibrasnexplained in Figure 1. One of the unknownse t
application of the PBSE is locating the down-dtifhit from which it is applicable, determining the
affected part of the beach dominated by refractidinaction due to the presence of the headlangtgire,
(Gonzéalez and Medina, 2001; Lausman et al., 201).a8Based on the best fit of the SEP of 26 beaches
along the Mediterranean and Atlantic coasts of 1Bp&onzalez and Medina (2001) provided a
methodology for defining that limit, denoted as {Rg) point, see Figure 1, proposing the concept of the

(omin) @ngle given as:
b prY
16 2L
(1)

Y/L

_ XL _
amn=arctan; = =arctan

Where f;) is the distance parameter with a valuefpfH2.13) based on the best fit of the (SEP) of2Be
beaches and (Y/L) is the dimensionless distanoedeet the diffraction point and the straight segnant
the shoreline. This angle defines the locationhef down-coast control point JPwhich is the point that
differentiates between the part of the beach aftebl the headland structure where wave heighiemesd
start in the transition and shadow zones due todiffiaction process, and the non-affected parthef
beach where no longitudinal wave height gradierist €ue to the coastal barrier. They applied thergy
flux approach to locate the {fpoint, stating that the straight segment of tE# ®f a HBB is parallel to
the wave front corresponding to the direction & thean wave energy flu¢g) at the diffraction point,
which was also recommended by Hsu et al. (2010)olth noting that theag,,) angle was originally
derived using the analytical solution of monochrtmaave diffraction for a flat bottom given by Asn
and Price (1952), see Dean and Dalrymple (1991) Godzlez (1995). According to Gonzélez and
Medina (2001), the of,,) angle and thus the location of they)(Roint is only dependent on the
dimensionless distanc&/(), referring to equation (1). The scaling wave k) is based on the wave
period associated with the significant wave heipdeeding 12 hours per yedds,) and the mean water
depth along the wave crest at the diffraction pos#e Gonzalez and Medina (2001). However, that
methodology was derived based on studies of beaekpssed to wave climates with almost a clear
dominant direction, i.e. waves arrive at the befiom a narrow fan of directions and close diffranti
points from the shoreline to be only valid withiretdomain (Y/L < 10).

Accordingly, the study hypothesizes that thg.) approach cannot be used for pocket beach casies wi
diffraction points far from the straight segmenttloé equilibrium shoreline and/or in cases with idew
variability of wave climate directionality close toe diffraction point. Consequently, the aim abtktudy
is to check the work hypothesis and to investigdte influence of the nearshore wave climate
directionality on the location of the {Ppoint and the (SEP) using real field cases and lwave data time
series.

2
Static Equilibrium Ri = Co+C (g) ¢y (g)
Planform (SEP) o
e B0 G T =TIR)
Shoreline
0 d |

Wave Front L=1(d,T,;) Headland breakwater

Figure 1. Definition sketch of the PBSE and theR$or a (HBB) clarifying thed,,,) angle and the ¢ point
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2. Methodology and Tools

In order to achieve the target of the study, psgetcases of HBBs from Spain and Latin America were
collected. This was followed by the analysis of dlirectional wave climate at the diffraction poiwtsthe
selected cases. The planform shape obtained usingnéthodology of Gonzalez and Medina (2001) as
well as the best fit SEP of each embayed beach theredetermined employing the SMC software. The
results of the two plotted shapes of the planfowase compared and analyzed. Finally, the discussion
the results and the conclusions of the study aséeplo

2.1. Coastal Modeling System (SMC)

The Coastal Modeling System (SMC) is a user-frigratiftware package developed by the University of
Cantabria (UC) for the Direccién General de Co¢&tate Coastal Office) of the Spanish Environmental
Ministry, see Gonzalez et al. (2007). It includesns numerical models that allow the application in
coastal projects of the methodologies and formutetiproposed in several manuals elaborated for the
ministry. The latest version of the system (SMC) 39structured in a manner dividing the numerical
models and data into two main tools, namely: (SM®#3) and (SMC Model). The former incorporates 3
modules: (a) IH-DATA, (b) IH-AMEVA and (c) IH-DYNANCS, while the SMC model includes both
short-term and long-term modules for studies onadesof hours to days and a scale of years, raspbgt

in addition to a terrain module. It also includegraphical user interface that permits stabilitgtitey
and/or designing new beaches utilizing the “equiilim beach” concept, which combines different
equilibrium profile and planform formulas, see mdetails in Gonzalez et al. (2007) and Gonzaleal.et
(2016).

The IH-DATA module (Gomes and Silva, 2014; Gonzaitzal.,, 2016) has three databases. One is
associated with time series of coastal waves cdll@dW (Downscaled Ocean Waves). The other two
databases are associated with sea level time seriess for astronomical tides called GOT (GloBakan
Tides), see Gonzélez et al. (2016), and the othéori storm surges or meteorological tides callgdSG
(Global Ocean Surges), see Cid et al. (2014). Thassbases were generated over a long period &f mor
than 60 years (from 1948 onwards), using re-armalyswind fields and satellite data.

The IH-AMEVA module is used to statistically anadythe IH-DATA consisting of wave climates and
sea level time series, and later for the statisticaracterization of the results. Finally, the IN'NAMICS
module is used in the post-processing stage, prayiextensive data and results. It calculates theew
mean energy flux, littoral sediment transport, ym-and flooding levels in addition to climate chang
impacts on the coast.

In this study, the long-term module was used inahalysis of the directional wave climates in ortaer
obtain the best fit equilibrium planform shape @dirbeach cases in the long term.

3. Sudy Casesand Data

A description of the employed beach cases, thelablaiwave data and analysis as well as the applied
procedure with the available tool are given inghbsequent sections.

3.1. Beach cases

This study analyzed the planform of 44 embayed lhesmalong the coasts of Spain, Brazil and Urugsay a
shown in Figure 2. The selection of the beach veasfually carried out according to specific condioin
particular, static equilibrium embayed beaches vadresen, both man-made and natural. These beaches
have diffraction points with varying distances froine shoreline. They exemplify fully developed Hes
(Gonzalez and Medina, 2001) with a clear straighentation in the planform. Moreover, the wave
climates close to the diffraction points displajfetient degrees of directional variability. In tharrent
study, vertical aerial images of beaches were eyaplousing the SMC-Tools module of the Coastal
Modeling System (SMC) which captures vertical psatbbeaches based on Google Earth imagery.
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Figure 2.Location of selected headland bay beaches in gqtidibrium along the coasts of Spain (upper peaetl
Latin America (lower panel)

3.2. Bathymetric and wave data

Bathymetries of the coastal zones of Spain, Baaail Uruguay collected by the Environmental Hydiauli
Institute (IH Cantabria) were used in this studige3e digitalized bathymetric data are incorporatdtie
IH-Data SMC-Tools module of the Coastal Modelingt®yn (SMC) for littoral areas of the entire Spanish
and Brazilian coasts as well as for the northennguayan shores.

Regarding the data of the waves, the study adopitedhindcast wave time series of the DOW
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(Downscaled Ocean Waves) database (Camus et &B) 2€presenting a period more than 60 years (from
1948 onwards). The DOW database is a historicalnstcuction of coastal waves. In other words, i is
downscaled wave re-analysis of coastal zones fr@tohal Ocean Waves (GOW) database (Reguero et al.,
2012). The GOW was generated using the WAVEWATCH nlodel (Tolman, 1992) forced by the
(NCEP/NCAR) wind field re-analysis, for more detasiee Reguero et al. (2012). The GOW database was
then directionally calibrated using satellite datavoid deviations and bias in the results, seeerdetails
described in Minguez et al. (2011a). This calibia&OW) data set was used to select a represemtativ
subset of sea states in the deepwater which gessmrthat all possible conditions are represented,
including extreme events, see Camus et al. (201Tihe selected sea states were propagated using the
SWAN spectral wave model (Booij et al., 1999) witigh spatial resolution over detailed bathymetries.
Finally, the time series of the propagated sea gtarameters at each location were reconstrucesd, s
Camus et al. (2011a). The DOW wave climate dataisas®ailable for the entire Spanish and Brazilian
coasts, as well as the northern coasts of Urugltyashigh spatial resolution (0.01°, i.e. eachn) lalong

the coastlines. It provides different wave paramseter each sea state (e.g. the significant wavghhél,,
spectral peak periotl, mean wave directioft, etc) with a temporal resolution of one hour.

3.3. Analysis of wave climate

For each embayed beach of the cases selectedSatuly, the wave climate close to the diffractmint
of the protruding headland was analyzed, calcidatie most important wave parameters requiredhisr t
study. Using the DOW database, waves were charaetelby calculating the energy flukR) for each sea
state as the product of the wave enefgyand the group celerityC() as:

1
EF=E*Cy=:*p*g* HZ*C, 2)

Wherep is the water density is the gravitational acceleration aHd is the significant wave height. The
significant wave height exceeding 12 hours eachr {da,) and its corresponding spectral peak period
(Tez) were utilized as descriptors of the wave climdthis wave height is associated with a 99.86%
exceedance percentile, representing a quantileeofiigh range wave heights and energy conditionsglu
the year. Also, the wave length)(close to the diffraction point for each bay beags obtained as a
function of both the wave periodf,) and the mean water deptt) @long the wave front close to the
breakwater tip. This was used to scale the offsk@stance between the diffraction point and thaight
part of the shoreline, obtaining thél() ratio.

The direction of the mean wave energy fléx] was considered as a directional descriptor ofnthee
climate. This variable is very important for theastal system as it is significantly related to ¢henge
forms of beaches. It was calculated for the whaleenclimate as:

n o "
fer=arctan E—Z =arctan % 3)
WhereF; andd; are the value and the direction of the wave enluyyfor each sea state, respectively.

In order to consider the directional variance of thave climate and its effect on the equilibrium
planform of beaches, the standard deviation ofntiean energy flux directiorvfsr) was derived. This
parameter represents the directional spreadingeofvhole directional wave climate around the meawew
energy flux direction fg£). It was considered as the directional proxy o thariability of wave
directionality. The directional domain was dividietio 360 directional bins with a high resolution(af).
The cumulative energy flux, in the whole time sgriszvas calculated for each directional sector (1°).
Consequently, the probability of the energy fluxeath directional bir) can be obtained as:

— _FFi
EFtotal

(4)

]

WhereEF; is the total wave energy flux of that directionat®r within the wave climate arfFq. is the
total cumulative wave energy flux of the time serid the entire wave climate where:
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P =1 ®)

Finally, the one-sided directional width of the watlimate’s total energy flux distribution over the
directions §4er), i.€. the directional spreading can be obtaired a

2
z 2 T ., 0i-0
o9ee"= [ (01-0ge) * Py= [ [28in(-7)] * P (6)

Where @) represents each directional sector wiif=(1, 2, 3,..... 2).
3.4. Equilibrium planform of beaches

In this regard, the SMC model was used in ordgal@band best fit the static equilibrium planforor the
selected beaches onto aerial vertical images. \tlavate parameters (e.g. the mean energy flux tinec
ferand the wave periodl,,) in conjunction with the water depttl)(at the diffraction point were used in
this procedure. The Parabolic Bay Shape EquatiB$H) proposed by Hsu and Evans (1989) was utilized
in this study in conjunction with the modificatiggroposed by Tan and Chiew (1994) of applying the
tangential boundary condition at the straight dainift- part of the bay beach. The plot of the b&sSEP
was obtained selecting a free initial down-coastticd point (R) for each beach defining the angte..
Furthermore, the planform shape was also plottedguthe same procedure, but applying tlag;.}
approach of Gonzéalez and Medina (2001). Figuresi® 4 show the plot of both planforms and their
corresponding angles for the Prinho and Cassinohesain Brazil.
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Figure 3. The best fit SEP (black line) and thenflem shape using the approach proposed by GonaakkMedina
(2001) to locate the down-coast control poirg) (a the ¢.i,) angle (red line) for the case of Prinho beachzBra
Wave rose and the directional distribution of tmel@bility of wave energy flux are plotted for awesclimate time
series of more than 60 years (from 1948 onwardsgubhe DOW database. Photos are based on Google iEegery
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Figure 4. The best fit SEP (black line) and thenfdam shape using the approach proposed by GonaalgMedina
(2001) to locate the down-coast control poirg) (®a the ¢.») angle (red line) for the case of Cassino beachziBra
Wave rose and the directional distribution of tmebability of wave energy flux are plotted for aweaclimate time
series of more than 60 years (from 1948 onwardspgubke DOW database. Photos are based on Google iE@gery

4. Results

The comparison between the() and ¢,) angles to locate the downdrift point,JRnd thus the (SEP)
showed deviations between them for most of thes;aseseen in Figure 5. This can be observed irésg
3 and 4 for two embayed beaches in Brazil. The bhea®rinho exemplifies a case with a diffractiainp
close to the coast with (Y/L> 10) and a consideralgdgree of wave climate directional variance. Muoeg,
the beach at Cassino represents a case in whidtiffteeting point is far from the shoreline withwader
directional wave variability. From the two plotsdan be seen that the.{,) approach for locating the
down-coast control point @Pis no longer valid in such cases and that therdomast control point has
moved farther along the relatively straight segnefnthe bay. Furthermore, thes{) angle based on the
best fit (SEP) was plotted against the dimensientéstance (Y/L) for different degrees of wave elim
directional variance, as seen in Figure 6, in aaidito the plot of thed(,,) curve.

The results of the study have indicated that thenfda of the §,) angle to locate the down-coast
control point (B) of the parabolic bay shape is not valid for maages as seen in Figure 6 that for the
same (Y/L) value there is not a unique value fer h,) angle. This clarified that the location of the)(P
point, and thus the value of the.d) angle, are not only dependent on (Y/L) but alsvegned by the
directional variance of the nearshore wave climiage,(p, = f (Y/L, oser))- A clear trend can be noticed
that the wider the directional standard deviatieggd) of the wave climate near the diffraction poirte t
larger the ¢p,) angle and the farther the Joint along the shoreline. Moreover, the fartter diffraction
point from the shoreline, the smaller the affeqtad of the beach by the headland structure. T tirody
results have proved the hypothesis that when theewdimate is characterized with a clear narrow
directional sector, i.e. smali &) values, thed,,) formula is appropriate for only closer diffragtipoints
(Y/L <10). Otherwise, when the diffraction point thfe breakwater tip is far from the shoreline (¥10)
and/or the directional wave climate is wide banttedformula is no longer valid.
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Figure 6. Relation between the{) best fit angle and (Y/L) for different degreeswdve climate directional variance

5. Discussion

When waves encounter an obstacle such as a pmogruaiadland or a breakwater during propagation,
refraction and diffraction are present in the Iéghe structure. The dominant phenomenon is therdht
spreading of wave energy in the sheltered areahwisiccaused by diffraction. This process plays an
important role in sculpting the planform of embayeéaches. It is very sensitive to the directional
spreading of waves approaching the breakwater. Giatib) stated that the degree of directional spnea
of wave energy greatly affects the extent of waefraction and diffraction. This indicates that wave
directionality is very relevant to the determinatiof the sheltered area behind a coastal barriddafines
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the part of the beach affected by the structurggBret al. (1995), concluded that the directi@mpakading
of waves is the most important factor governing élkeent of wave diffraction in the lee of a breakava
and that it should be considered in diffractionlgsia of engineering problems. Therefore, in ortter
properly define the static equilibrium planformasf embayed beach, the directional spreading of svesve
very important and has to be incorporated in thedyais.

Accordingly, the behavior of prototype bayed beacld the current study can be understood,
considering the effect and importance of wave dioeality. The results clearly indicate that thieler the
directional spreading around the mean directioenafrgy flux, the larger the affected part of thadbeand
the farther the down-coast control poing)(Rvhich represents the end point of the curved giathe beach
planform. This can be interpreted as the broaderdihectional spreading, the wider the extent ofeva
diffraction behind the headland, and consequetttly,larger thedp,) angle which defines the location of
(Py). This also confirms that the.,) approach underestimates the location gf {& beaches exposed to
waves with high variability of wave directionalitgnd embayed beaches with diffraction points famfr
the shoreline. Diffracting points far from the cbaseans wider directional spreading conditions imstn
cases, in comparison with close shallower contahts where refraction plays an important role in
narrowing and decreasing the directional spreading.

It is worth highlighting that the calculation ofetifx,,) angle and the corresponding location of thg (P
point was derived by Gonzalez and Medina (2001)ethasn the principle of monochromatic wave
diffraction, ignoring the role of the directionadreading of the wave climate. Hence, that apprégehlid
only for structures close to the shoreline (Y/L ¥@fth waves arriving from a dominant directionattor.
Thus, it is valid for very shallow waters as wawsve at the diffraction point from a narrow fah o
directions due to refraction behaving like monochatic waves. However, when the beach is exposed to
high variable modal wave climate and/or the diffi@t point is far from the coast, the wave direatib
spreading plays a significant role in the diffraatiprocess and should be considered using thetidinat
random wave'’s diffraction concept which is quitdfetent from that of monochromatic waves. In this
regard, the diffraction diagrams of directionalisegular waves given by Goda et al. (1978) anchts fit
formulations for these curves introduced by Kral@8@) are very useful in understanding the inflgeot
directional spreading on the extent of wave diffiat The diffraction coefficientKy) is a function of the
parameterS,.x which is the peak value of theS)(spreading parameter that defines the degree of
concentration of the directional spreading. Theewithe directional spreading of waves, the lower th
spreading parameterS 4ndS.,) and the wider the directional width,). Hence the diffraction coefficient
is a function of the directional width of the waemeergy directional distribution around the mearction
(Ka= f (00)).

According to (Gonzalez and Medina, 2001), the p(fg), represents the end of the section of the beach
affected by the breakwater, i.e. the end of thigadifion extent, thus no effect of the structuréjoh yields
to the condition that at,Rhe coefficienKy is>1. Consequently, the location of the)(Boint is a function
of the wave directional spreadingy). This explains the different behaviors of theadted results for the
prototype embayed beach cases. Consequently, itbeaconcluded that the implementation of the
variability of directional wave climate is relevaamd critical in defining the location of {Pand therefore
the SEP and the curvature of headland bay beaches.

6. Conclusion

Headland bay beaches represent one of the most eomphysiographic features along the world’s coasts.
The Static Equilibrium Planform (SEP) of these peidkeaches can be studied by applying the Parabolic
Bay Shape Equation (PBSE) proposed by Hsu and E&&9). Employing 44 bay beaches in Spain and
Latin America and exploiting the available long ¢éirperies data of wave climates, the equilibriunpstia
planform was studied using the PBSE with the medifilown-coast alignment proposed by Tan and Chiew
(1994). The directional wave climate close to tiféattion point of each embayed beach was analyzed
defining the direction of the mean wave energy flé) and the directional spreading,f) around it.
The best fit planform of beaches indicated thatidcation of the down-coast control poing)Rdefined by

the @po) angle, from which the parabolic shoreline of #BSE is valid, is not only a function of the
offshore distance of the diffraction point from th&aight segment of the shorelingL(), but also the
directional variance of the wave climatgg). It was found that for the sam¥/I() distance, the wider the
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directional spreading of waves, the farther thation of the point (F). Furthermore, for the same degree
of wave directional spreading, the farther therddfion point from the shoreline, the smaller thet jof the
beach affected by the coastal barrier. The study dmmfirmed the hypothesis that the,{) approach
underestimates the location of JJPfor beaches exposed to waves with high varigbibf wave
directionality, and bay beaches with diffractioninte far from the shoreline. Consequently, the
implementation of the directional variability ofettwave climate is critical in defining the locatioh(P,)
and therefore the SEP of embayed beaches.

Acknowledgements

The work of Ahmed EI-Shinnawy is supported by thgytian Ministry of Higher Education (MoHE)
through a PhD scholarshiphe authors acknowledge the support of the Spaviiafstry of Economy and
Competitiveness under Grant BIA2014-59643-R. MUS@dach Project.

References

Briggs, M.J., Thompson, E.F., Vincent, C.L., 1995.v@/diffraction around breakwatelournal of Waterway, Port,
Coastal, and Ocean Engineering, ASCE, 121 (1): 23-35.

Booij, N., Ris, R., Holthuijsen, L.C., 1999. A thirdrggration wave model for coastal region, Part |: deladescription
and validationJournal of Geophysical Research, 104: 769—-7666.

Camus, P., Mendez, F., Medina, R., 2011a. A hybriitiefit method to downscale wave climateto coaatabs.
Journal of Coastal Engineering, 58: 851-861.

Camus, P., Mendez, F., Medina, R., Cofifio, A., 20BHalysis of clustering and selection algorithms tfoe study of
multivariate wave climatelournal of Coastal Engineering, 58: 453-452.

Camus, P., Mendez, F., Medina, R., Tomas A., Izaguirr,2013. High resolution downscaled ocean wabe»\)
reanalysis in coastal aredsurnal of Coastal Engineering, 72: 56—68.

Cid A., S. Castanedo, A. J. Abascal, M. MenéndeM&dina., 2014. A high resolution hindcast of theeneological
sea level component for Southern Europe: the G@&eeClimate Dynamics, 43 (7): 2167-2184.

Dean, R.G., Dalrymple, R.A., 199%ater Wave Mechanics for Engineers and Scientists. Advanced Series on Ocean
Engineering, Vol. 2, World Scientific, Singapore.

Goda, Y., Takayama, T. and Suzuki, Y., 1978. Diffien diagrams for directional random waves. P16 Inter. Conf.
Coastal Eng., 628-650.

Goda, Y., 1985Random Seas and Design of Maritime Sructures, University of Tokyo Press, Tokyo, Japan..

Gomes, G. and Silva, A.C., 2014. Coastal erosion aasandeias Beach (NE-Brazil). In: Silva, R., and stiska-
Correia, A. (eds.), Coastal Erosion and ManagememigaDeveloping Coasts: Selected Cadesrnal of Coastal
Research, Special Issue71: 30-40.

Gonzalez, M., 1995Morfologia de playas en equilibrio: planta y perfil, PhD Thesis. Departamento de Ciencias y
Tecnicas del Agua y del Medio Ambiente, UniversidadCantabria. Santander, Spain

Gonzélez, M., Medina, R., 2001. On the applicatidrstatic equilibrium bay formations to natural am@én-made
beachesJournal of Coastal Engineering, 43 (3—4):209-225.

Gonzélez, M., Medina, R., Gonzéalez-Ondina, J., @soki, Mendez, F.J., Garcia, E., 2007. An integtateastal
modelling system for analyzing beach processesbaagh restoration projects, SMiurnal of Computers and
Geosciences, 33 (7): 916931

Gonzalez, M., R. Medina, and M. Losada, 2010. Ord#s#gn of beach nourishment projects using stafiglibrium
concepts: Application to the Spanish codstirnal of Coastal Engineering, 57: 227—-240.

Gonzalez, M., Nicolodi, J. L., Quetzalcéatl, O., 6éms, V. and Hermosa, A. E., 2016. Brazilian CoaBtaktesses:
Wind, Wave Climate and Sea Level. In: A.D. ShortHAda F. Klein (eds.)Brazilian Beach Systems, Coastal
Research Library 17, Springer, 2016, p.p. 37-66. I1SBBF3-319-30392-5.

Hsu, J.R.C., Evans, C., 1989. Parabolic bay shapesgpitcations.Proc. Inst. Civil Engineers, Thomas Telford,
London,87:557-570.

Hsu, J.R.C., Yu, M.J., Lee, F.C., Benedet, L., 2018tiSbay beach concepts for scientists and engineereview.
Journal of Coastal Engineering, 57(2): 76-91.

Inman, D.L., Nordstrom, C.F., 1971. On the tectarid morphologic classification of coasieurnal of Geology. 79:
1-21.

Klein, A.H.F., Vargas, A., Raabe, A.L.A., Hsu, J.R.2Q03b. Visual assessment of bayed beach stabitityg
computer softwarelournal of Computers and Geosciences, 29: 1249-1257.

758



Coastal Dynamics 2017
Paper No. 020

Kraus, N.C., 1984. Estimate of breaking wave helgitind structureslournal of Waterway, Port, Coastal and Ocean
Engineering, 110 (2): 276-282.

Krumbein, W.C., 1944. Shore processes and beaclaatbastics.Technical Memorandum, vol. 3. Beach Erosion
Board, U.S. Army Corps of Engineers. 47 pp.

Lausman, R., Klein, A.H.F., Stive, M.J.F., 2010ackmainty in the application of parabolic bay shageation: Part 1.
Journal of Coastal Engineering, 57: 132-141.

Lausman, R., Klein, A.H.F., Stive, M.J.F., 2010b cHrainty in the application of parabolic bay shapeation: Part 2.
Journal of Coastal Engineering, 57: 142-151.

Minguez, R., Espejo, A., Tomas, A., Méndez, F.Jsdda, |.J., 2011a. Directional calibration of waeanalysis
databases using instrumental ddtarnal of Atmospheric and Oceanic Technology, 28 (11): 1466-1485.

Moreno, L.J., Kraus, N.C., 1999. Equilibrium shageneadland-bay beaches for engineering design.. Roastal
Sediments, 99: 860-875.

Penny, W,. G,, Price, A. T., 1952. The Diffractidheory of Sea Waves and the Shelter Afforded by IBraters.
Philos. Trans. Roy. SOCA. , Vol. 244 (882), pp. 233-2

Reguero, B.G., Menéndez, M., Méndez, F.J., Minguez,.#sada, 1.J., 2012. A global ocean wave (GOWipcated
reanalysis from 1948 onwardiurnal of Coastal Engineering, 65: 38-55.

Short, A.D., Masselink, G., 1999. Embayed and sumadly controlled beaches. In: Short, A.D. (Eddandbook of
Beach and Shore face Morphodynamics. John Willey & Sons, New York.

Silvester, R., Ho, S.K., 1972. Use of crenulate sdapays to stabilize coasts. Proclhger. Conf.Coastal Eng, 2:
1347-1365.

Tan, S.K., Chiew, Y.M., 1994. Analysis of bayed tfezs in static equilibriundlournal of Waterway, Port, Coastal, and
Ocean Engineering, ASCE 120 (2): 145-153.

Tolman, H., 1992. Effects of numerics on the phgsit a third-generation wind-wave modéburnal of Physical
Oceanography, 22: 1095-1111.

USACE (U.S. Army Corps of Engineers), 20@astal Engineering Manual (online), Washington, DC: USACE,
Coastal Engineering Research Center.

Yasso, W.E., 1965. Plan geometry of headland baghees Journal of Geology,73: 702—714.

759



