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Introduction

General context

About 40% of the world's population lives in the coastal zone. Coastal erosion is a natural hazard which threatens human safety and property and limits the coastal economic development. In recent years, climate change that includes change of storm patterns and sea level rise with an increased rate can lead to difficulties in predicting coastal erosion. Since coastal erosion changes over time and space, it still remains a great challenge to scientists in coastal engineering. In fact, it acts at various temporal scales with short-term erosion during storm events and long-term erosion which changes permanently the shoreline position. It occurs differently for various types of beach, various shapes of the coastline and also various local wind and wave climates.

According to the Eurosion (www.eurosion.org) and Corinne Erosion Coastal studies, 30% of EU beaches are estimated to be affected by erosion (41% in mainland France). In France, IFEN data shows that 24% of the coastline is eroding (i.e. 1723 km of 7124 km of coastline length) (Figure 1). In Australia, more than 80% of the population lives within the coastal zone [START_REF] Cechet | Australia's coastline: adapting to climate change[END_REF]. Most of the coastal erosion hot spots in this country are located in the regions where sand is alongshore transported by natural processes [START_REF] Church | Sea-level rise. Transitions: Pathways Towards Sustainable Urban Development in Australia[END_REF]. Figure 2 shows the vulnerable coast of Sydney's Collaroy/Narrabeen Beach. In Vietnam, the coastal zone stretches on the length of 3200 km, of which, a coastline length of 920.31 km (29%) has been eroded, especially 78.5% of the latter suffers from medium to very strong erosion [START_REF] Tien | Coastal erosion and sedimentation in vietnam[END_REF]. Figure 3 shows the coastal erosion damage in Cua Dai Beach, Quang Nam province. The vulnerability of coastal zones is a serious problem in many countries. Therefore, a better understanding and prediction improvement of coastal erosion need to be brought to the fore. this study focuses on whether incorporating cross-shore and longshore models for a more comprehensive model of shoreline evolution will improve predictive skills. In this contribution, the shoreline change induced by the longshore drift gradient is taken into account in the latter by a one-line type approach. The combined shoreline model is suggested as a coupling of a cross-shore model of [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF] and a longshore model of [START_REF] Tran | Long-term shoreline evolution modeling in embayed beaches[END_REF].

The longshore transport gradients, of course, are important in non-straight shorelines such as embayed beaches [START_REF] Turki | An equilibrium model to predict shoreline rotation of pocket beaches[END_REF]. The curvature of the embayed beach shoreline is related to the refraction and diffraction of the waves when they propagate from deep waters towards the breaking point. A stretch of beach is at equilibrium if the time average wave direction is orthogonal to the shoreline. Any wave forcing which departs from that average direction will create a longshore sediment transport and since the shoreline orientation changes alongshore, it produces a transport gradient resulting in changes of shoreline position. Therefore, in order to investigate the longshore contribution to the shoreline evolution, the embayed beach is a good example for model testing. The question then arises: does combined modeling improve shoreline evolution simulation for embayed beaches?

Throughout this study, we just focus on sandy coastlines which are highly dynamic and interesting study case for shoreline evolution modeling. The shoreline models are calibrated with three available forcing and shoreline datasets of Truc Vert open beach (France) and two embayed beaches, Narrabeen (Australia) and Nha Trang (Vietnam).

Organization of the thesis

The thesis is devoted to develop the longshore model based on the one-line approach and combine it with the cross-shore model to improve the shoreline evolution modeling. The organization of the thesis is as follows.

Chapter 1 sets out a state of the art regarding wave dynamics, beach dynamics, beach morphology and existing shoreline evolution models. In particular, the cross-shore model of [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF] (hereinafter called ShoreFor) is introduced in detail which is applied in chapters 4 and 6. Besides, we recall the CERC formula (Shore Protection Manual, 1984) and one-line model [START_REF] Pelnard-Considère | Theoretical tests on the shoreline evolution of sand and gravel beaches[END_REF] which are used to formulate our longshore model.

Chapter 2 discusses tools and methods including the equilibrium beach orientation and the suggested longshore model based on the one-line approach averaged over time [START_REF] Reeve | Coastal engineering: processes, theory and design practice[END_REF]. A combination of the cross-shore model and the longshore model (hereinafter called the combined model) is proposed in this chapter.

In chapter 3, the ShoreFor model is recalled and implemented with an open beach shoreline of Truc Vert. The sensitivity analysis to different calibration periods is conducted to have a better understanding of beach behavior under influence of the wave forcing time series. This chapter gives a brief overview of common knowledge on wave characteristics, sediment transport, beach erosion and recovery (section 1.2) useful for our work. In this study, we focus on wave-dominated beaches. The impacts of tides and currents are thus not considered. A state of the art in shoreline evolution models (section 1.3) discusses the features of both empirical shoreline models and one-line type models.

Common knowledge on waves and beach morphology 1.Wave generation

Wind waves are generated by the action of winds on the water surface. Such waves are generally described by wave height, wave period and wave direction which depend on the speed, the duration, the fetch of the wind field and the water depth in the wave generation area (Shore Protection Manual, 1984). The so-called wind waves are those generated close to the shoreline by local winds. They have short wave periods, broad directional and frequency spectrum bands. Swell are waves generated remotely during storms and propagate to the site of observation. They are not related to the local wind conditions at the site of observation. They often have longer wave periods than wind waves, narrow directional and frequency spectrum bands.

Wave propagation

Figure 1.1 displays the characteristics of a sinusoidal wave (linear Stokes theory [START_REF] Stokes | on the theory of oscillatory waves[END_REF]) including wave length L, wave height H and wave period T . The wave length L is the horizontal distance between two successive crests or troughs. The wave height H is the vertical distance between crest and trough. The wave period T is the time interval between the passage of two successive wave crests. The wave steepness H/L is defined as the ratio between the height and the length. The wave speed C is given by:

C = L T = gT 2π tanh 2πh L (1.1)
The wave speed C is also written in terms of the wave number (k = 2π/L) and the wave angular frequency (ω = 2π/T ):

C = ω k = g ω tanh (kh) (1.2)
The free surface elevation or displacement η(x, t) in time is provided by:

η = H 2 cos 2π x L - t T (1.3)
where x is the distance along the wave propagation direction and t is the time.

In deep water, i.e. h/L ≥ 1/2, the wave speed is approximated by:

C ∞ ≃ gT 2π ≃ g ω (1.4)
In shallow water, i.e. h/L ≤ 1/25, the wave speed approximates to:

C ≃ gh (1.5)
In transitional water (depths between deep water and sallow water), i.e. 1/25 < h/L < 1/2, the wave velocity is given by:

C = C ∞ tanh(kh) (1.6)
Waves carry both potential and kinetic energy. The energy flux per unit width or incident wave power P (W/m) is defined by:

P = EC g (1.7)
where E is the wave energy density,

E = ρgH 2 8 (1.8)
and C g is the wave group velocity,

C g = C 2 1 + 2kh sinh 2kh
(1.9) in deep water, C g = C ∞ /2 whereas in shallow water C g = C.

In deep water the following scaling stands:

P = EC g ∝ H 2 × 1 2 C ∞ (1.10) with C ∞ = g ω = gT 2π (1.11) therefore, P ∝ H 2 T (1.12)
This implies that the longer and higher the waves, the stronger the energy flux and therefore, the power available to move sediment particles at the sea bed.

Wave shoaling and wave breaking

When waves propagate from deep water to shallow water, the bottom begins influence the wave propagation. The wave characteristics such as wave height, wave speed and wave length change and waves eventually break. Wave breaking occurs at the outer edge of the surf zone when waves propagate to the coast in shallower water. The wave length decreases and because of the energy flux conservation, the amplitude increases which is called shoaling. These combined effects create steeper and steeper waves as they approach the shoreline. A limit steepness is observed beyond which instability in the form of wave breaking appears.

When waves move in shallow water, the wave crests tend to align with the contours which is known as refraction. The wave crest angle α over parallel depth contours can be estimated by Snell's law:

sin α C = cte (1.13)
A simple way of assessing wave breaking is to use the ratio of the wave height to the water depth (γ b = H b /h b ) is 0.78 [START_REF] Munk | The solitary wave theory and its application to surf problems[END_REF]. It means that wave fronts become steeper in comparison with the shallow depth when approaching the coast.

To determine wave height at the breaking point, the energy flux conservation is applied. The conservation of the flux of wave energy between offshore and breaking point (no dissipation, no white capping) is:

C g H 2 s = cte (1.14)
where H s is the significant wave height [START_REF] Sverdrup | Empirical and theoretical relations between wind, sea, and swell[END_REF]. Therefore, one can write:

C g∞ H 2 ∞ = C gb H 2 b (1.15)
Since in deep water,

C g∞ = C ∞ 2 = gT 4π (1.16)
and at breaking point (shallow water),

h b = H b γ b C gb = C b = gh b = g 1/2 γ -1/2 b H 1/2 b
(1.17)

(1.18) Fig. 1.2 Relation between H b and g 1/5 T 2/5 H 4/5

∞ of (1.20) from laboratory data of [START_REF] Komar | Airy wave theory and breaker height prediction[END_REF] and field data of [START_REF] Munk | The solitary wave theory and its application to surf problems[END_REF].

The significant wave height at breaking point is thus given by [START_REF] Komar | Airy wave theory and breaker height prediction[END_REF]: ∞ . The best fit on various experimental and in-situ data by [START_REF] Komar | Airy wave theory and breaker height prediction[END_REF] gives: H b = 0.39 g 1/5 T 2/5 H 4/5 ∞ (1.20) Figure 1.2 shows the relation between two terms in (1.20) from laboratory experiment of [START_REF] Komar | Airy wave theory and breaker height prediction[END_REF] and field experiment of [START_REF] Munk | The solitary wave theory and its application to surf problems[END_REF].

H b = g 1/2 γ 1/
Between the breaking point and the shoreline, waves will propagate in the so-called surf zone.

Surf zone waves

The surf similarity parameter [START_REF] Battjes | Surf similarity[END_REF] or the Iribarren number ξ is used to classify breaker types, given by: where m is the beach slope, H ∞ is the deep water wave height and L ∞ is the deep water wave length. The surf similarity parameter ξ represents the influence of the beach slope on the wave geometry. There are three main types of breaking [START_REF] Galvin | Breaker type classification on three laboratory beaches[END_REF]) (Figure 1.3):

ξ = m H ∞ /L ∞ (1.21)
• spilling: ξ ∞ < 0.5

• plunging: 0.5 < ξ ∞ < 3.3

• surging: ξ ∞ > 3.3
The spilling breakers occur on mild beach slope when the wave crest becomes unstable and induces small scale turbulence in front of it. The plunging breakers take place on a steeper slope than the spilling breakers. The wave crest becomes very steep, then curls up and drops onto the wave trough. The surging breakers happen on very steep beach slope and the swash run-up is formed on the beach. In this case, the surf zone is very narrow. [START_REF] Wright | Morphodynamic variability of surf zones and beaches: a synthesis[END_REF] classified different sandy beach states to be reflective, intermediate and dissipative beach. The reflective beach is characterized by a steep beach-face with beach cusp. The intermediate beach is characterized by nearshore bar morphology dissected by rip channels. Multi-barred morphology is typical of the dissipative beach [START_REF] Masselink | Introduction to coastal processes and geomorphology[END_REF].

Beach morphology

According to [START_REF] Wright | Morphodynamic variability of surf zones and beaches: a synthesis[END_REF], beach states can be delineated using the Dean number values. The dimensionless fall velocity (Dean number) or Gourlay number Ω is defined by:

Ω = H s w s T p (1.22)
where w s is the sediment fall velocity [START_REF] Cheng | Simplified settling velocity formula for sediment particle[END_REF],

w s = ( 25 + 1.2 d 2 * -5) 1.5 ν d (1.23)
where d is particle diameter, ν is kinematic viscosity, d * is a dimensionless particle diameter, defined as:

d * = (ρ s -ρ)g ρν 2 1/3 d (1.24)
where ρ s and ρ are the density of sand and water. Six main wave-dominated beach states (Figure 1.4) are given by:

• reflective beach: Ω < 1.5

• low tide terrace beach (LTT): Ω ≈ 2

• transverse bar and rip beach (TBR): Ω ≈ 3

• rhythmic bar and beach (RBB): Ω ≈ 4

• longshore bar-trough beach (LBT): Ω ≈ 5

• dissipative beach: Ω > 5.5 

Erosion, accretion and bars dynamics

The coastal zone defined as the interface between the water and the land comprises many zones (Figure 1.5) which respond differently under wave and tide conditions. The shoreface zone is from the offshore zone to the low tide. The nearshore zone stretches from the limit of significant sediment transport by waves to the low water [START_REF]Introduction to coastal processes and geomorphology[END_REF]. The foreshore or beach face is from the low tide to the beach berm. The backshore is between the foreshore and the coast. The surf zone or the breaker zone stretches from the breaker line to the foreshore. The shoreline is the intersection between the water level and the shore [START_REF] Mangor | Shoreline management guidelines[END_REF]. The coastal erosion is caused by severe waves and storm surge that move the sand from the beach face, which settles in deeper water and forms the offshore bars. On the contrary, the coastal accretion occurs when the sand is transported from the offshore bars and deposited on the beach.

In terms of the cross-shore sediment transport, the nearshore bars formation results from the convergence of two opposite fluxes (Figure 1.6). An onshore sediment transport due to wave asymmetry on the offshore side of the bar. An offshore directed transport in the surf zone due to the return and undertow flow induced by wave breaking. The nearshore bars have strong dynamics and are sensitive to the wave conditions. When waves are gentle onshore transport due to wave asymmetric exceeds offshore transport by bed return flow offshore transport by bed return flow exceeds onshore transport due to wave asymmetric bar Breaking waves Fig. 1.6 Bar formation by breaking wave mechanism [START_REF] Masselink | Introduction to coastal processes and geomorphology[END_REF]. and mostly skewed, the breaking point is close to the shoreline with strong wash and weak backwash which carry the sand onshore, the bars thus tend to move shoreward. While waves are strong, the breaking point is far from the shoreline and the bars move seaward.

Longshore transport and its impact on shoreline evolution

Longshore transport is the transport of sediment parallel to the coastline. From a morphology point of view, the longshore sediment transport is very important. The alongshore gradient of the longshore transport rate controls erosion or accretion of the beach. The sand removal from the beach by longshore drift produces coastal erosion, while the sand influx by the longshore drift results in coastal accretion [START_REF] Masselink | Introduction to coastal processes and geomorphology[END_REF].

The longshore sediment transport rate can be predicted by the empirical CERC formula (Shore Protection Manual, 1984), as follows:

Q x = KP = K(EC g ) b sinθ b cosθ b θ b = α b (x, t) -β(x, t) (1.25) (1.26)
where Q x is the volumetric transport rate (m 3 day -1 ), K is a constant, P is the longshore component of the wave energy flux, (EC g ) b is the wave energy flux calculated at breaking point and θ b is the breaking wave angle to the shore normal [START_REF] Masselink | Introduction to coastal processes and geomorphology[END_REF]. Equation (1.25) postulates that the longshore drift is proportional to the longshore energy flux. Figure 1.7 shows a convention of the wave crest orientation α b and the beach orientation β.

The volumetric longshore transport rate Q x (1.25) can be written as [START_REF] Idier | Shoreline instability under low-angle wave incidence[END_REF][START_REF] Reeve | Coastal engineering: processes, theory and design practice[END_REF]:

Q x = K 1 H 5/2 b sin 2θ b (1.27) x k b (x) a (t) N b (x) S (x,t) S (x,t)
a b (t) N k Fig. 1.7 Definition of wave angle and beach angle. From the vertical line, an angle measured clockwise is positive and an angle measured counterclockwise is negative. N stands for the north. ⃗ k is the wave vector.

where H b is the significant wave height at breaking point; β(x) is the shoreline orientation; α b (t) is the orientation of the incident wave field (Figure 1.7); when θ = 0, waves are parallel to the shoreline. The constant K 1 is defined by sediment characteristics,

K 1 = ρK g/γ b 16(ρ s -ρ)(1 -p) (1.28)
where p is the porosity of sand, K is a non-dimensional coefficient ranging from 0.2 to 1.6 [START_REF] Komar | Beach processes and sedimentation[END_REF]. For natural sand, p = 0.5 and γ b = 0.78, K 1 ∈ [0.05, 0.32].

shoreline Fig. 1.8 Relationship between the incident wave angle and the longshore drift Q x direction.

Q x = 0 Q x Q x Q x
Equation (1.27) shows that the longshore transport rate only depends on the breaking wave height H b and the difference θ between the breaking wave angle and the beach angle. Figure 1.8 qualitatively shows the relationship between the incident wave angle and the shoreline, in which the oblique incident wave direction to the beach produces longshore drift. Perpendicular incident waves produce no longshore drift. From the alongshore variation of Q x , the shoreline change can be predicted. If the longshore transport rate increases along the shoreline, the erosion process occurs and the shoreline retreats. If the longshore transport rate decreases, an accretion process takes place and the shoreline advances. 

Shoreline evolution models

The complexity of the sediment processes makes process based models reliable on short time scale. Simple behavioral and empirical models [START_REF] Davidson | A simple equilibrium model for predicting shoreline change[END_REF][START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF][START_REF] Yates | Equilibrium shoreline response: Observations and modeling[END_REF] are useful and efficient tools to understand and predict long-term changes. One-line models have a long-standing use in engineering while the last decade has witnessed the growing research interest in cross-shore equilibrium type models.

Basic ideas on cross-shore modeling

In the cross-shore transport process, the incident wave forcing and power cause change of the cross-shore transect and the shoreline position S in time (Figure 1.9).

In relaxation type models, it is hypothesized that a sandy beach tends towards equilibrium if the wave forcing is time invariant. In other words, for a given beach profile, the forcing that induces no change in shoreline position is called the equilibrium forcing. This forcing is represented by the equilibrium Gourlay number Ω eq . The shoreline evolution model by cross-shore transport of relaxation type [START_REF] Kriebel | Convolution method for time-dependent beach-profile response[END_REF][START_REF] Wright | Morphodynamic variability of surf zones and beaches: a synthesis[END_REF] can therefore take the following form: where S(t) is the shoreline position in the transect (Figure 1.9), t is time, ∂S/∂t is the rate of shoreline change, Ω eq is the wave forcing Dean number that would produce no change in shoreline position and is definitely dependent on the shoreline position. The variable ∆Ω is called the disequilibrium Dean number. We can infer that the rate of shoreline change ∂S/∂t is proportional to ∆Ω. The function F must fulfill simple conditions corresponding to what we understand on a macroscopic level of beach behavior [START_REF] Davidson | A simple equilibrium model for predicting shoreline change[END_REF][START_REF] Tran | Modélisation des évolutions interannuelles du trait de côte. processus cross-shore combinés aux processus longshore[END_REF]):

• condition 1: if Ω = Ω eq , the beach profile does not change and F (0) = 0;

• condition 2: if Ω = 0, it means H s = 0 (no incident wave energy), so there is no change and F (Ω eq ) = 0;

• condition 3: if ∆Ω > 0, the waves are weaker than those to have an equilibrium: the beach is accreting and F (∆Ω) > 0;

• condition 4: if ∆Ω < 0, the waves are stronger than those necessary to have an equilibrium: the beach is eroding and F (∆Ω) < 0;

• condition 5: if the beach is neither eroding nor accreting in the very long term, the erosive forcing compensates the accretive forcing: dS dt = 0 , where the sign (¯) is the temporal mean.

Cross-shore model of Yates et al. (2009)

The cross-shore model of [START_REF] Yates | Equilibrium shoreline response: Observations and modeling[END_REF] one of the first to be tested while being of relaxation type uses the energy density as the descriptor of beach evolution and morphology. The function F depends on E in the following way:

dS dt = c ± E 1/2 ∆E (1.31)
where c + is change rate coefficients for accretion (∆E < 0) and c -is that for erosion (∆E > 0). c ± are free parameters to be calibrated with measurements. The energy disequilibrium ∆E is defined by: ∆E = E -E eq (S) (1.32)

The equilibrium wave energy E eq is inferred from measurements and the simplest parameterization is [START_REF] Yates | Equilibrium shoreline response: Observations and modeling[END_REF]:

E eq (S) ≃ aS + b (1.33)
where a and b are free parameters obtained from the calibration.

Cross-shore model of Davidson et al. (2013) (ShoreFor model)

The ShoreFor model of [START_REF] Davidson | A simple equilibrium model for predicting shoreline change[END_REF] is based on the dimensionless fall velocity Ω to encompass different rates of accretion and erosion [START_REF] Wright | Morphodynamic variability of surf zones and beaches: a synthesis[END_REF]. The wave power enters the F function of (1.29). It is defined by:

dS dt = c ± P 1/2 ∆Ω + d (1.34)
where P is the incident wave power, P = EC g ; E is the wave energy density (J/m), E = 1/8ρgH 2 s and C g is the shallow wave group velocity (m/s),

C g = √ gh b ; h b is the water depth, h b = H s /γ.
The free parameters c ± which separate into accretion (c + when Ω < Ω eq ) and erosion (c - when Ω > Ω eq ), are both to be calibrated with data.

The equilibrium dimensionless fall velocity Ω eq (t) is defined as the weighted average of the antecedent dimensionless fall velocity [START_REF] Davidson | A simple equilibrium model for predicting shoreline change[END_REF][START_REF] Wright | Morphodynamic variability of surf zones and beaches: a synthesis[END_REF]:

Ω eq (t) = D ∆t j=1 Ω j 10 -j∆t/φ D ∆t j=1 10 -j∆t/φ (1.35)
where φ (day) is the memory decay˝, D = 2φ, ∆t is the wave forcing data time step, j is the number of data points in the survey time series prior to the calculation point at time t [START_REF] Davidson | A simple equilibrium model for predicting shoreline change[END_REF]. The memory decay φ represents the number of days before the present time that the forcing of these days is used for the weighted average. At D being φ, 2φ and 3φ, the weighted factor decreases to 10%, 1% and 0.1%, respectively [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. Equation (1.35) indicates that the smaller the φ, the more Ω eq (t) is close to Ω (t). On the contrary, the larger φ, the more Ω eq (t) is close to the average value of the antecedent Dean numbers.

Cross-shore model of Splinter et al. (2014)

The cross-shore model of [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF] (ShoreFor) is an extension of [START_REF] Davidson | A simple equilibrium model for predicting shoreline change[END_REF] model. It is also based on the dimensionless fall velocity Ω. The ShoreFor cross-shore shoreline model reads:

∂S ∂t = c F + + rF -+ d (1.36)
where t is time, c (m 3/2 day -1 W -1/2 ) and d (m/day) are free parameters tuned by an optimization method to fit at best with shoreline position data. The forcing term F is defined by [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]:

F = P 1/2 ∆Ω σ ∆Ω (1.37)
where P (t) is the incident wave power (1.7). ∆Ω is the disequilibrium dimensionless fall velocity, σ ∆Ω which is the standard deviation of ∆Ω. Normalizing ∆Ω with σ ∆Ω is expected to reduce the magnitude of the ∆Ω variations [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. The forcing term F is separated between accretion and erosion with F + and F -, respectively. If

F (t) > 0, F = F + . Conversely, if F (t) < 0, F = F -.
The parameter r called the erosion ratio is a consequence of condition 5. It is the ratio of the accretionary component to the erosional component [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]:

r = N i=0 F + i N i=0 F - i (1.38)
where N is the total record length [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. F + i and F - i are the measured forcing functions at time t i .

The ShoreFor model of [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF] was applied at 12 study sites including exposed open coastlines and semiembayed coastlines. The wide range of study sites induces a detailed analysis of calibration parameters, c and φ. Their value ranges seem to depend on quantifiable environmental variables [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. The memory decay φ at the exposed sites is larger than that at the sheltered sites, e.g. φ at PF1 is > 1000 days while φ at PF8 is 10 days [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. Moreover, φ can reflect how the shoreline responds to the forcing changes. It is said that the reflective beaches are more sensitive to individual storms, which have small value of φ. Conversely, the dissipative beaches tend to respond to the seasonal wave climate [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. It is also found that the larger values of c are related to the smaller values of φ [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. Compared to the sheltered sites, the exposed sites have smaller values of c. Besides, it is noted that [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF] assumed that some physical processes including storm surge, sea level rise and even the longshore transport are constant in time. Therefore, in this model, the shoreline changes due to these processes are just the linear trend modeled by the free parameter d in 1.36.

Longshore model

The longshore transport gradient contributions to the shoreline position changes [START_REF] Pelnard-Considère | Theoretical tests on the shoreline evolution of sand and gravel beaches[END_REF]) plays an important role in the shoreline evolution in the long term. The theory of Pelnard-Considère ( 1956) is regarded as a cornerstone of the one-line model which describes the temporal shoreline change due to the alongshore gradient of the volumetric longshore transport rate Q x . The longshore transport rate estimated by the well-known CERC formula (Shore Protection Manual, 1984) is due to the longshore energy flux. [START_REF] Hanson | Genesis: Generalized model for simulating shoreline change[END_REF] developed the GENESIS shoreline response model which includes effects on Q x from wave diffraction and hard structures. [START_REF] Murray | Formation of coastline features by large-scale instabilities induced by high-angle waves[END_REF] used a numerical model to investigate the impacts of forcing instability mechanism on the long-term morphology change by analyzing sediment fraction on shoreline grid cells. [START_REF] Hurst | Exploring the sensitivities of crenulate bay shorelines to wave climates using a new vector-based one-line model[END_REF] suggested a new vector-based one-line model with more flexible shoreline cell shape to investigate the shoreline change due to oblique wave direction. These longshore models are often based on an assumption that shoreline changes at small time scales due to cross-shore process are negligeable. 

Sediment budget and the one-line concept

In the one-line model, it is assumed that the sole longshore transport is taken into account (Figure 1.10). The beach profile moves but the shape is assumed invariant [START_REF] Hanson | Genesis: Generalized model for simulating shoreline change[END_REF]. Another assumption is that the sand moves across the profile up to the closure depth h c , beyond which the beach is inactive, i.e. where no erosion and sedimentation occurs [START_REF] Dronkers | Dynamics of coastal systems[END_REF]. These assumptions mean that under wave forcing, the beach responds by translating onshore and offshore either in an erosion or accretion sequence but the profile shape remains unchanged. From that, the beach change is just expressed by the shoreline position change.

The sediment budget is based on the continuity equation that the change of the volume of sediment is equal to the difference between volume input and output of a control volume during a time interval ∆t (Figure 1.10),

∆S ∆x (h c + B) = - ∂Q x ∂x ∆x ∆t (1.39)
where B is the berm˝height and (h c + B) is the height of the control volume. It is assumed that B is much smaller than h c , it is therefore negligible.

Thus, a relationship between the shoreline position and the volumetric longshore transport rate is:

∂ S ∂t = - 1 h c ∂ Q ∂x (1.40)
The empirical CERC formula (Shore Protection Manual, 1984) (1.25) rewrites as:

Q x = Q 0 sin 2θ b (1.41)
where κ = 2Q 0 /h c and Q 0 is the amplitude of longshore transport rate,

Q 0 = KP 2g(ρ s -ρ)(1 -p) (1.42)
Obviously from Figure 1.7, β = tan -1 ∂S ∂x and the angle θ b in (1.26) can be written as [START_REF] Reeve | Coastal engineering: processes, theory and design practice[END_REF]:

θ b = α b -tan -1 ∂S ∂x (1.43)
Introducing (1.43) in (1.41) and assuming that α b and ∂S/∂x are small yields:

Q x = Q 0 (2α b -2∂S/∂x) (1.44)
Substituting (1.44) in (1.40) gives the Pelnard-Considère (1956) one-line model:

∂S ∂t = κ ∂ 2 S ∂x 2 (1.45)
It is a diffusion type of equations where κ is a diffusion coefficient. In (1.45), the alongshore gradient of the significant wave height H b is neglected. It just takes into account the curvature of the beach which is represented by ∂ 2 S ∂x 2 . This is probably why in GENESIS software [START_REF] Hanson | Genesis: Generalized model for simulating shoreline change[END_REF] the longshore sediment transport formula is complemented by the alongshore gradient in H b . 

∆F i = Q s,net ∆t/(W 2 D i ) (1.46)
where W is the horizontal width of the cell, D i is depth where the cross-shore transport is neglected. The sediment flux Q s is calculated based on CERC formula.

The model of Hurst et al. (2015)

Hurst et al. (2015) implemented a shoreline evolution model based on the one-line approach using the local coordinate of the shoreline cells to investigate the response of crenulate bay shorelines to different directional wave climates. The evolution of bays is simulated from a straight shoreline restricted by two fixed headland under influence of directional wave climate conditions. It is assumed that the cross-shore profile has a constant time-averaged form and the coastline is described by vector-based approach [START_REF] Hurst | Exploring the sensitivities of crenulate bay shorelines to wave climates using a new vector-based one-line model[END_REF] (Figure 1.12). This Fig. 1.12 Definition of coastal cells in model of [START_REF] Hurst | Exploring the sensitivities of crenulate bay shorelines to wave climates using a new vector-based one-line model[END_REF].

model can be applied to a high planform-curvature coastline. The curvature of the shoreline is simulated in various shapes of the shoreline cells, such as trapezoidal, polygonal and triangle in order to avoid a superimposition (Figure 1.12). The shoreline variation is expressed by the volume change in these shoreline cells. This model applied to the embayed beach investigates a relation between the equilibrium bay shape and an obliquity and a spread of wave direction.

In addition, it is found that the duration of the modeled beach attaining its equilibrium state is closely related to the distance of two headlands, meaning that the recovery time regarding perturbations of small bays is much shorter than that of large ones. 

Longshore and cross-shore integrated model

The CosMos-COAST model of Vitousek et al. (2017)

The CosMos-COAST model of [START_REF] Vitousek | A model integrating longshore and cross-shore processes for predicting long-term shoreline response to climate change[END_REF] contributes to modeling of the shoreline responses to climate change. It is based on the one-line approach combining numerous physics processes, such as cross-shore transport, longshore transport and sea-level rise, which impact on the shoreline evolution (Figure 1.13). The model was applied to the coastline stretching on the length of 500 km in Southern California, which contains cliffs, dunes, bluffs, estuaries and infrastructure. The modeling of shoreline change related to the cross-shore transport is based on the model of [START_REF] Yates | Equilibrium shoreline response: Observations and modeling[END_REF]. The longshore contribution is based on the one-line concept of [START_REF] Pelnard-Considère | Theoretical tests on the shoreline evolution of sand and gravel beaches[END_REF]. The other contribution to shoreline change in this model is from the sea-level rise response model [START_REF] Bruun | Sea-level rise as a cause of shore erosion[END_REF]. The model also includes the long-term shoreline trend representing unresolved processes. The model provides relatively complete physics processes impacting on shoreline variation. The model uses the spatial and temporal discretization method to compute the shoreline evolution. A highlight of this model is that the data assimilation by an extended Kalman filter method is used to improve a long-term prediction using a good calibration parameterization. The calibration parameters associated with each physical process in the model is able to represent the contribution of each process during the calibration period, which leads to the observed shoreline data.

Finally, the parameters based on the data assimilation from the hindcast period (1995 -2010) are used for the long-term forecast (2010 -2100). The data assimilation provides a trust in model predictive ability for long-term shoreline evolution in various coastal settings. However, the application of this model requires a vast amount of data for data assimilation. Moreover, the numerical discretization method and data assimilation used in this model were performed with quite complex computations to meet the stability condition and achieve stability results.

The LX-Shore model of Robinet (2017)

The LX-Shore model of Robinet ( 2017) is the most recent long-term shoreline evolution model. It comprises both longshore and cross-shore processes with concurrent responses of the shoreline. Modeling of the shoreline evolution due to the cross-shore transport is based on the model of [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. The longshore transport process is taken into account by using a 2D cellular-based one-line model similar to that of [START_REF] Murray | Formation of coastline features by large-scale instabilities induced by high-angle waves[END_REF]. The SWAN model is used for the calculation of the wave propagation. The model is able to simulate the shoreline evolution of embayed beaches and non-linear evolution of complex shoreline features from small-time scales (hours) to large-time scales (decades).

Conclusion

In this chapter, we have conducted a brief review on wave dynamics, beach morphology and existing shoreline evolution models. Firstly, we introduced wave dynamics and beach morphology which have characteristics useful for modeling. We looked back some definitions from wave generation to wave breaking. The beach morphology which is classified based on the Dean number Ω was also recalled.

Secondly, the existing shoreline evolution models including the cross-shore models of [START_REF] Davidson | A simple equilibrium model for predicting shoreline change[END_REF]; [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]; [START_REF] Yates | Equilibrium shoreline response: Observations and modeling[END_REF], the longshore models of [START_REF] Murray | Formation of coastline features by large-scale instabilities induced by high-angle waves[END_REF]; [START_REF] Hurst | Exploring the sensitivities of crenulate bay shorelines to wave climates using a new vector-based one-line model[END_REF] and the integrated models of Robinet et al. (2017); [START_REF] Vitousek | A model integrating longshore and cross-shore processes for predicting long-term shoreline response to climate change[END_REF] were recalled. The cross-shore model of [START_REF] Yates | Equilibrium shoreline response: Observations and modeling[END_REF] is one of the first relaxation type models and then extended by [START_REF] Davidson | A simple equilibrium model for predicting shoreline change[END_REF] and [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. The ShoreFor model of [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF] will be reimplemented in chapter 3 and used for the combined model in chapter 4 and 6. The theories of the one-line model [START_REF] Pelnard-Considère | Theoretical tests on the shoreline evolution of sand and gravel beaches[END_REF]) and the CERC formula (Shore Protection Manual, 1984) which are the cornerstone of the suggested longshore model were recalled. In our simplified longshore model mentioned in chapter 2, the sediment budget of [START_REF] Pelnard-Considère | Theoretical tests on the shoreline evolution of sand and gravel beaches[END_REF] and the CERC formula are averaged over time. Models of Ashton et al. (2001) and [START_REF] Hurst | Exploring the sensitivities of crenulate bay shorelines to wave climates using a new vector-based one-line model[END_REF] which are based on cellular one-line formulations are different from our approach to the longshore model.

The cross-shore models seem to underplay the effect of the longshore drift while it can determine shoreline changes over long time scales. Otherwise, the long-shore models usually neglect the cross-shore transport process at small time scales which is sometimes due to an extreme storm whose strong impacts on shoreline evolution [START_REF]Modélisation de l'évolution long-terme du trait de côte le long des littoraux sableux dominés par l'action des vagues[END_REF]. Therefore, [START_REF] Vitousek | A model integrating longshore and cross-shore processes for predicting long-term shoreline response to climate change[END_REF]Robinet et al. (2017) suggested the shoreline evolution models incorporating cross-shore and longshore processes to improve the shoreline prediction from small to large time scales. For the same purpose but simpler computing, in chapter 2, we propose the combined model coupling the ShoreFor model and the suggested longshore model. In order to facilitate the computation process, we use the Simulated Annealing algorithm [START_REF] Bertsimas | Simulated annealing[END_REF] to find calibration parameters which minimize the difference between measured and modeled shoreline positions [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF].

Chapter 2

The combined longshore cross-shore phenomenological model 

Introduction

In cross-shore models such as those of [START_REF] Yates | Equilibrium shoreline response: Observations and modeling[END_REF], [START_REF] Davidson | A simple equilibrium model for predicting shoreline change[END_REF] and [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF], a free constant parameter represents the long-term trend of the shoreline evolution and all unexplained shoreline motions. Amongst the main unexplained shoreline motions are, of course, those related to the longshore sediment drift. The shoreline variation due to the longshore transport should be accounted for in more details to improve predictive skills. We draw upon the one-line approach to model the physics of longshore transport. A simplified model is worked out by assuming that natural dynamics of a beach shoreline is made up of an average long-term trend and short time scale fluctuations.

Our underlying assumption is thus that for oblique waves the cross-shore wave energy feeds into specific shoreline motions described by (1.36) and that alongshore wave energy transferred to the longshore drift generates shoreline variability for beaches with alongshore changes in orientation. In this context, the cross-shore model and the suggested longshore model are combined to improve the shoreline evolution modeling.

In this chapter, the derivation of the longshore model based on the one-line approach is presented in section 2.2. The combined model which couples the cross-shore ShoreFor model and the suggested longshore model is presented in section 2.3.

Sediment budget

In terms of shoreline S variations attributed to both the longshore and cross-shore transport, the sediment continuity equation applied to the control volume of Figure 2.1 writes:

∆S ∆x (h c + B) = -(∆Q x + Q y ) ∆x ∆t (2.1) thus, ∂S ∂t = - 1 h c ∂Q x ∂x - 1 h c Q y (2.2)
Shoreline variations depend on the derivative of the longshore transport rate Q x with respect to x, i.e. ∂Qx ∂x and on the cross-shore flux Q y . It is noted that no inputs or outputs at y = S is included. This is questionable if wind for instance is important.

Longshore model

In the longshore model based on the one-line concept, it is assumed that the longshore transport is the only mechanism for sediment transport [START_REF] Dronkers | Dynamics of coastal systems[END_REF].

Wave incidence will trigger a longshore drift and since the drift magnitude relies on the shoreline orientation (Figure 1.8), a gradient in longshore transport is possible that it will produce shoreline position changes. This is particularly true in embayed beaches exhibiting curvatures. Under effects of wave direction, the intensity of longshore drift depends on the shape of the coastline. The effect on shoreline position of longshore drift on the straight coastline is usually smaller than for embayed beaches which have curved shoreline. The straight shoreline tends to be parallel with the incident wave field, meanwhile, the embayed beach has more contribution of longshore drift that makes the beach retreat or advance. However, in the scale of several years, the embayed beach is assumed to be in balance if the wave direction is invariable and orthogonal to the shoreline. In our model, it is assumed that the beach is in equilibrium if the average wave direction is orthogonal to the beach.

Q x (x + dx) Q x (x) Q y y x ΔS Q x (x) Q y y x Q x (x + dx)

Equilibrium beach orientation

A very important issue of shoreline evolution modeling is the possible existence of the equilibrium state of the shoreline despite the fact that it is always an evolving quantity. We assume in the following that such an equilibrium does exist in the form of an average shoreline position and orientation. Moreover any variable can be decomposed into a mean and fluctuating contribution. The mean of a given random function f (t) over a given time scale τ c is classically defined by:

f (t) = 1 τ c t 0 +τc t 0 f (t) d(t) (2.3)
The τ c time scale depends on the shoreline time scales. It is also assumed a scale separation between the scale of the wave variability and the morphological time scales.

Applying the averaging (2.3) to (1.40) yields:

∂ S ∂t = - 1 h c ∂ Q ∂x (2.4)
Equation (2.4) will be used to determine the equilibrium orientation. In order to obtain Q from (1.27), the wave crest orientation at breaking point α b and the beach orientation β are in turn split into means and fluctuations:

α b = α b + α ′ b β = β + β ′ (2.5) (2.6)
Consequently,

θ b = α b -β θ ′ b = α ′ b -β ′ (2.7) (2.8)
Introducing (2.7) and (2.8) in (1.27) and applying the average (2.3) yields:

Q = K 1 sin 2θ b H 5/2 b cos 2 θ ′ b + K 1 cos 2θ b H 5/2 b sin 2 θ ′ b (2.9)
On the long term, the considered stretch of shoreline will be in equilibrium, if the average shoreline position S(x) is such that:

∂ S ∂t = 0 (2.10) which implies: ∂ Q ∂x = 0 (2.11)
and therefore,

Q = cte (2.12)
For an embayed beach supposed to be a closed system bounded by non-erodible features, no sediment exchange with the rest of the coastal zone takes place. Equation (2.12) thus writes:

Q = 0 (2.13)
and equivalently,

sin 2θ b H 5/2 b cos 2 θ ′ b + cos 2θ b H 5/2 b sin 2 θ ′ b = 0 (2.14)
This important equation relates to the average wave incidence θ to the wave characteristics H b and θ ′ . It is noted that if wave heights are completely uncorrelated with wave directions, H b cos2θ b ′ are zero and thus any value of θ is a solution of (2.14). On the contrary, if wave heights correlate even slightly with the wave incidence fluctuations, then the solution for θ b of (2.14) is:

tan 2θ b = - H 5/2 b sin 2 θ ′ b H 5/2 b cos 2 θ ′ b (2.15)
We define the angle ψ as,

tan ψ = H 5/2 b sin 2 θ ′ b H 5/2 b cos 2 θ ′ b (2.16)
Since the coastline does not change as fast as the forcing wave conditions, it is therefore reasonable to believe that the fluctuations of the beach angle β ′ are small compared to α ′ b , so from (2.8):

θ ′ b ≃ α ′ b (2.17) and tan ψ ≃ H 5/2 b sin 2 α ′ b H 5/2 b cos 2 α ′ b (2.18)
Equation (2.15) implies:

β(x) = α b (x) + 1 2 ψ(x) (2.19)
The equilibrium shoreline orientation β(x) and the average breaking wave propagation direction α b (x) should satisfy the condition (2.19) if wave heights and orientations correlate. The value of ψ is defined by (2.18) using the wave height and the breaking wave angle fluctuation. If the value of ψ(x) is small, β(x) approximates to α b (x) and the average wave direction is nearly perpendicular to the beach. The ψ function is the deviation the correction of the average beach orientation from the average wave crest orientation. The angle˝ψ is an indicator of the local wave climate, it represents the correlation between the wave height and the wave direction.

Longshore component

The shoreline evolution derived from longshore drift is expressed by combining (1.27) and (1.40):

∂S ∂t = - K 1 h c d dx H 5/2 b sin2θ b ∂S ∂t = - K 1 h c H 3/2 b 2H b dθ dx cos2θ b + 5 2 dH b dx sin2θ b (2.20) (2.21)
with the wave incidence θ that writes,

θ b = α b (x, t) -β (x) = α b (x) -β (x) + α ′ b (x, t) = α ′ b (x, t) + 1 2 ψ (2.22)
(2.20) or (2.21) contains the terms which include derivatives with respect to x, i.e., in the longshore model, the shoreline changes depend on the beach curvature and the alongshore non-homogeneity of the significant wave height. 

∂S ∂t = -K 0 H 3/2 b (A cos2θ b + B sin2θ b ) K 0 = K 1 h c A = 2 H b dθ b dx B = 5 2 dH b dx (2.
∂S ∂t = ∂S ′ ∂t = K 0 H 3/2 b (A cosψ + B sinψ) cos2α b ′ + (B cosψ -A sinψ) sin2α b ′ (2.27)
It will be assumed that the derivatives of the wave parameters with respect to x are constant in time on a given transect. Therefore, a model is suggested from (2.27) which reads:

dS dt = H 3/2 b a cos2α b ′ + b sin2α b ′ (2.28)
with a and b are parameters to be fitted. a and b contain information on alongshore changes in wave incidence θ, in wave height H b but also on the wave climate parameter ψ. The right-hand side does not depend on the shoreline position S directly, but on the beach orientation since α ′ is roughly the deviation of the wave propagation direction with respect to the shore normal.

Combined model

The combined model consists in adding the longshore model (2.28) to the cross-shore model (1.36) which is consistent with (2.2). By doing this we replace the free parameter d of (1.36) by the longshore contribution (2.28). The model then writes:

∂S ∂t = c F + + rF -+ H 3/2 b a cos2α b ′ + b sin2α b ′ (2.29)
The free parameters a, b and c play a vital role in the model in regulating the magnitude of shoreline change rate. In order to find the free parameter values in the model, a global optimization method by the Simulated Annealing [START_REF] Bertsimas | Simulated annealing[END_REF] will be used to minimize the root-mean-square error (RMSE) of shoreline changes between measurements and model [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF]. The R package GenSA [START_REF] Xiang | Generalized simulated annealing for global optimization: The gensa package[END_REF] is used to solve the optimization problem. Model skill indicators are defined in much the same way as [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. The RMSE is defined by:

RMSE = N i=0 (S i -S m i ) 2 N (2.30)
where S i is the ith measured shoreline position, N is the number of shoreline surveys and S m i is the modeled shoreline position at the same date. The first modeled shoreline position is taken equal to the first measured shoreline position (S m 1 =S 1 ).

The results can also be evaluated with the normalized mean square error (NMSE), which is defined as:

NMSE = N i=0 (S i -S m i ) 2 N i=0 S i -S 2 (2.31)
where S is the mean value of measured shoreline data and S m is the modeled shoreline data. If NMSE = 0, the model perfectly captures all data points; conversely, if NMSE = 1, the model has no skill.

In order to validate contributions of each model, the shoreline position was recalculated using available values of the optimized free parameters. For example, in order to calculate the shoreline variation by longshore transport, values of a and b are applied in (2.28) to recalculate the shoreline position; in order to calculate the shoreline variation by cross-shore transport, values of c is applied in (1.36) but d is rejected.

Numerical implementation

The shoreline evolution model (2.29) can be abbreviated as:

∂S ∂t = G(t) (2.32)
In general, the shoreline data time sampling interval [t i , t i+1 ] is larger than the forcing data time step. The modeled shoreline position at t i+1 can be defined as:

S(t i+1 ) = S(t i ) + t i+1 t i G dt (2.33)
Computing the integral by the rectangular rule gives,

S(t i+1 ) = S(t i ) + k m=1 ∆t m G(t m ) (2.34)
where m represents the k wave data points in the interval [t i , t i+1 ].

Conclusion

In this chapter, we have introduced two important contributions to the shoreline evolution modeling. The first one is the longshore model in which the one-line type approach is used to model the shoreline variation due to the longshore transport. In this simplified model, we assumed that the longshore model contributes to an average long-term trend and short time scale fluctuations.

The second contribution is the combined longshore and cross-shore modeling to improve the prediction skills. It is assumed that the longshore drift leads to alongshore changes in beach orientation which generates shoreline variations. From this assumption, the combined model was created by adding the longshore model to the ShoreFor cross-shore model in place of the constant. 

Introduction

This chapter is devoted to the assessment of the ShoreFor model (section 1.2.1) on the open beach shoreline of Truc Vert [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF]. Even though many papers have been published on this model, there are still open questions. What does the memory decay parameter φ really encapsulate? How good can the model be with less shoreline data? Is it sensitive to the choice of the significant wave height? In other words, this chapter can be considered as a sensitivity analysis to different parameters and an error analysis.

In this chapter, section 3.2 describes the Truc Vert beach site and data. Section 3.3 discusses the model re-implementation and validation. The sensitivity and error analysis are introduced in section 3.4. Section 3.5 is for concluding remarks. 

Site and data

Site description and bathymetry

Truc Vert beach is located in the south west of France (Figure 3.1 (a)). The mean sand grain size is d 50 = 0.4 mm. The tidal regime is meso-macrotidal with a maximum spring tide range of 4.8 m [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF]. Figure 3.1 (b) shows the bathymetry and the area of interest of topographic surveys at different periods [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF]. Truc Vert beach has a straight coastline on which the gradient of longshore drift is considered negligible [START_REF] Idier | Longshore sediment flux hindcast: spatiotemporal variability along the SW Atlantic coast of France[END_REF]. The typical beach morphology is double-barred and the intertidal bar is characterized by a transverse bar and rip (TBR) morphology (Figure 3.2) [START_REF] Almar | Two-and three-dimensional double-sandbar system behaviour under intense wave forcing and a meso-macro tidal range[END_REF][START_REF] Angnuureng | Shoreline resilience to individual storms and storm clusters on a meso-macrotidal barred beach[END_REF][START_REF] Castelle | Double bar beach dynamics on the high-energy meso-macrotidal French Aquitanian Coast: a review[END_REF][START_REF] Sénéchal | Morphodynamic response of a meso-to macro-tidal intermediate beach based on a long-term data set[END_REF]. Figure 3.2 shows typical beach morphologies of beach states: a low tide terrace (a,d) in summer; a transverse bar and rip (b,e) dominating 58% of [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF].

the time and a longshore bar trough (c,f) mainly formed after storm events [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF]. These figures also indicate the cross-shore standard deviation. Figure 3.2 (g) shows the mean cross-shore profile surveyed during the period 2005 -2013.

Model input data

The shoreline data used in this chapter was collected from April 2005 to November 2017, but contains an interruption from April 2008 to February 2009 (Figure 3.3). The time series of the shoreline position in Figure 3.3 is at z = 1.5 m (mean high water level proxy) [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF]. Figure 3.3 clearly shows that the slopes of the erosion sequences are globally steeper than that of the accretion processes. Normally, the beach responds more quickly to erosion under energetic events and then a longer time for beach recovery by accretion is observed [START_REF] Yates | Equilibrium shoreline response: Observations and modeling[END_REF]. The time series of the shoreline position in Figure 3.3 indicates that the shoreline evolution has a very clear seasonal behavior with erosion in winter and accretion in summer.

The wave data which includes the significant wave height and the peak wave period was extracted from WaveWatchIII (WW3) simulations at 70 m water depth every 3 h since 2000. Then the significant wave height is linearly regressed with the five years wave data collected accretion erosion calibration period [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF][START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF] Δt ≃ 1 month Δt ≃ 15 days Fig. 3.3 Time series of measured shoreline position (red points) at z = 1.5 m (mean high water level proxy). Cross-shore standard deviation (error bars). ∆t is the time sampling interval.

from the Candhis buoy at 54 m water depth [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF]. Locations of the WW3 point and Candhis buoy are shown in Figure 3.1. In summer, short waves arrive from NW while in winter, long-period higher waves are from W and WNW [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF]. Waves are very strong in winter with the significant wave height sometimes that reaches 8 m (Figure 3.4). Figure 3.4 shows the time series of the significant wave height H s , the peak wave period T p , the Dean number Ω and the incident wave power P . The significant wave height H s and the peak wave period T p have a clear seasonal variation, it is not so obvious for the Dean number Ω. Indeed when H s is maximum, T p is also maximum and since Ω is the ratio, it can evolve differently. Like H s and T p , the wave power P obviously has a clear seasonal variation as stated in (1.12).

At this stage, it is necessary to provide some details on how are computed the upper and lower envelopes of the Dean number. To this end, we equally divide the initial time series of Ω into blocks such that each has a length of 500 samples. Then, in each block, we find maximum and minimum values on which a low-pass filter in the frequency domain can be subsequently applied in order to obtain the upper and lower envelopes. As an illustration, we display, in Figure 3.4, the time series of Dean number, along with its computed upper and lower envelopes. The upper envelope of Ω correlates significantly with winter periods, for example, winters 2003 and 2014.

The probability densities of H s , Ω, T p and the measured shoreline position rate of change dS m /dt are shown in Figure 3.5. The time series of Ω shows that 87% of Ω(t) ranges from 1 to 6. According to [START_REF] Wright | Short-term changes in the morphodynamic states of beaches and surf zones: an empirical predictive model[END_REF], Truc Vert is therefore classified as an intermediate beach state. The mean value of 4.32 for Ω would make it a longshore bar-trough state.

shoreline data range in this study Fig. 3.4 Time series of significant wave height H s (red line) at the 54 m water-depth, peak wave period T p (green line), Dean number Ω (light blue line) with the upper envelope (blue line) and the lower envelope (brown line) and wave power P (purple line). The horizontal lines indicate the mean value (the usual average of time series data). H s = 1.64 m, T p = 11.16 s (the mean period is about 6.5s [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF]), Ω = 4.32 , P = 47.66 kW/m. Based on the modal value of Ω (Ω = 3.14) (Figure 3.5), Truc Vert beach state is classified as transverse bar and rip (TBR). These are consistent with the complex morphology of Truc Vert beach with various beach states as mentioned above in section 3.2.1. The distribution of T p is symmetric with respect to the average value. The secondary peaks in the T p distribution are a signature of the frequency resolution ∆f in the spectral models of the wave database. The distributions of H s and Ω are similar in shape. The mean value of dS/dt is 0.0191 m/day means that the shoreline has a slight accreting trend between 2000 and 2017. Within this period, 3 to 4 years overall accreting and eroding are noticeable in Figure 3.3.

The model test and validation

The shoreline evolution modeling of this beach has already been performed by [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF]. They used the cross-shore model of [START_REF] Yates | Equilibrium shoreline response: Observations and modeling[END_REF]. [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF] investigated two types of equilibrium energy expression. First, the equilibrium energy E eq is calculated based on the current shoreline position [START_REF] Yates | Equilibrium shoreline response: Observations and modeling[END_REF] given by (1.33). The second one is based on the weighted average function (1.35) with E instead of Ω.

Both definitions of the equilibrium energy E eq provide a similar skill. Truc Vert beach data was also used to calibrate the ShoreFor model in [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF].

In our study, the ShoreFor model of [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF] discussed in the chapter of shoreline evolution modeling (equations (1.36) -(1.38)) was reimplemented with R and calibrated with 8 years shoreline time series data from April 2005 to April 2013 (Figure 3.3) at Truc Vert beach. This range is intentionally the same as that used by [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF] and [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF].

According to [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF], the best shoreline proxy of Truc Vert beach is at the mean high water level (MHWL) z = 1.5 m, so the shoreline data corresponding with the MHWL was used to calibrate the model.

The memory decay φ or the memory of the antecedent beach state measures how long the beach remembers˝the antecedent states and wave conditions [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. More precisely, φ determines the variability of the equilibrium Dean number Ω eq . Ω eq in (1.35) is calculated by the weighted average function with 2φ days antecedent forcing. [START_REF] Wright | Morphodynamic variability of surf zones and beaches: a synthesis[END_REF] suggested that Ω eq (t) is calculated by the weighted average function with D = φ. In this section, we present the sensitivity analysis to D with D = 2φ, D = φ, D = φ/2 and D = φ/4, it means that the weighted factor decreases to 1%, 10%, 32% and 56%, respectively. Then, the model is run for various values of the memory decay φ at each value of D. The smallest RMSE determines the suitable memory decay φ for each study case. Table 3.1 shows values of c, d, r and the smallest RMSE at different D. The larger the D, the longer the moving average window. However, the weight of the forcing at the large D is decreased and its contribution is small. c, r and the smallest RMSE in 4 cases of D are fairly similar. As a consequence, the sensitivity analysis to the value of D indicates that the number of days in the weighted average function does not much impact the result.

Parameters D = 2φ D = 1.5φ D = φ D = φ/2 D = φ/4 c (m 3/2 d -1 W -1/2 ) 0
Figure 3.6 shows the change in the RMSE with the change of the memory decay φ in different cases of D. It demonstrates that when D is increased, these curves all tend to be close together for which the minimum RMSEs also converges to one value. Therefore, we choose D = 2φ for the model calibration hereafter. In Figure 3.6, it is seen that these curves converge to the RMSE roughly of 8.3 m for φ of 300 days. We also see that other minimums of the RMSE are detected. Clearly a φ around 1000 days could also provide the same RMSE [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF][START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. However, 950 days is the maximum possible with the available data and for D = 2φ. Indeed larger φ would require more antecedent data than was available.

With φ of 300 days, the optimization algorithm provides the values of c and d which are 0.0055 and 0.0001, respectively. A very small value of d shows that the shoreline has no trend during these 8 years calibration time range. The erosion ratio r calculated on a calibration time range is 0.3016. The smallest RMSE is 8.36 m. However, these calibration parameters are quite different from those of [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. The values of c, d, r and φ of [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF] are about 0.0043, -0.0001, 0.23 and ≃ 1000 , respectively. The differences in r and φ between them are very clear.

Even though, there is a one-year-gap in shoreline survey from April 2008 to February 2009, the shoreline is reconstructed every hour at the constant forcing time interval of 1 h (Figure 3.7 (e)).

Figure 3.7 (a) shows the time series of the instantaneous Dean number Ω, its upper and lower envelopes and Ω eq computed with φ at 300 days. The peaks of the upper envelope and the wave power P (Figure 3.7 (b)) correlate with the peaks of the modeled erosion events. They have a small phase lag which probably indicates the hysteresis between the forcing and the shoreline evolution.

Figure 3.7 (c) and (d) show the accretion and erosion forcing terms, F + and F -, respectively. It indicates that the absolute value of F -is much larger than F + . Besides, F -also 

Model result, analysis and sensitivity

Sensitivity analysis to the choice of the significant wave height

The wave data with the linearly regressed significant wave height at 54 m depth which is used to calibrate the ShoreFor model was discussed and described above. In this section, the ShoreFor model is calibrated with the significant wave height at breaking point H b calculated with the linear wave shoaling relation (1.14). Parameter H s at 54 m depth H s at breaking point Figure 3.8 shows the time series of modeled shoreline position with the significant wave height at breaking point H b . The RMSE between the modeled shoreline position and the survey shoreline position is 8.11 m which is slightly smaller than in the case of buoy wave data. Table 3.2 shows that the free calibration parameters between two cases of the significant wave height are different. The memory decay φ is 950 days, 3 times that of the previous case. Figures 3.7 and 3.8 show the difference in the time series of Ω eq caused by the difference in φ. The fluctuations of Ω eq with H s at the 54 m bathymetric line are larger than those with H s at breaking point. The result reveals that the ShoreFor model is quite sensitive to the choice of significant wave height.
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Sensitivity analysis to the choice of the calibration periods

The erosion ratio r strongly depends on Ω eq which determines if a given forcing leads to erosion or accretion. This then brings up the question: what is the good calibration time scales for the forcing? The sensitivity analysis to the choice of the calibration time range for r is thus investigated to know how the beach reacts to the wave climate at different time scales.

Figure 3.9 displays the ShoreFor model calibrated with the shoreline data in the 2005-2013 time range but with the parameter r computed on the entire available wave data that is between 2000 -2017. A φ at 170 days gives the smallest RMSE is 9.51 m which is larger than the previous case with r computed at the same time range with the calibration. Figures 3.7 (a) and 3.9 (a) show that the smaller the φ, the more Ω eq fluctuates at short time scales. The probability density distributions of wave parameters for five periods namely P1, P2, P3, the original period and the entire shoreline survey period are shown in Figure 3.10. The wave forcing probability density distributions of the five periods are similar. It indicates that the forcing series of five calibration periods and the entire forcing series are statistically identical. The difference in forcing between these periods is the order between the interior events of them. The order between the waves determines the erosion or accretion, such as in January 2014, there was a strong erosion because most of strong waves occurred in succession. Therefore, the differences in shoreline responses between these periods is related to the order between the interior events. The optimization was conducted separately in each period. Figure 3.11 shows the shoreline positions obtained from the optimization of periods P1, P2 and P3, respectively. Table 3. of beach and wave conditions should be regarded as indicative only in a certain considered time range. The sensitivity analysis to D for the five periods to determine the best value of φ for them is shown in Appendix A. Figure 3.12 shows the shoreline position achieved from ShoreFor on the entire period 2005 -2017. The smallest RMSE is 8.03 m at φ of 800 days. The parameters c, d and r are 0.0043, 0.0016 and 0.3, respectively. In this case, the ShoreFor model is calibrated on 12 year time range of the forcing and shoreline, however, the smallest RMSE approximates that on previous 8 year calibration time range of the original period.

c (m 3/2 d -1 W -1/2 ) 0.
A large value of φ of 800 days produces in very small variability of Ω eq over time. This suggests that the average Ω could be a candidate for Ω eq . This implies that the model in this case will be independent of φ. In order words, this simulation is the case with no history at all in the model (Figure 3.13). Figure 3.13 (a) shows Ω compared with Ω eq calculated by the weighted average function (1.35). Figure 3.13 (b) shows that the modeled shoreline position is not as good as that of the previous case with a weighted average for Ω eq . The parameters c, d and r are 0.0014, -0.0007 and 0.2943, respectively. The RMSE of 10.87 m is larger than that of the shoreline model calculated with Ω eq . It indicates that even a small variability of Ω eq still plays an important part in the shoreline behavior of the model.

Sensitivity to the initial shoreline position S 0

The initial shoreline position is taken as the value measured that day. However, this value is the result of a certain spatial averaging. There is thus a certain amount of variability/dispersion estimated by the standard deviation σ S . Can the initial shoreline position S(t 1 ) in (2.33), which represents the initial condition of the model, influence the model skill? Based on the cross-shore standard deviation, the initial shoreline position S(t 1 ) is changed by taking different values in the range (S(t 1 ) -σ S ) to (S(t 1 ) + σ S ). Figure 3.14 shows the modeled shoreline positions for different initial shoreline positions. During the interval 2005 -2010, simulations give strong scattering of S reaching 10 m at some points. However, they are quite close in the remaining period. The influence or memory˝of the initial shoreline position decreases in time, in particular, during the period 2013 -2015 with very strong storms in 2014 winter. Thus, the difference in the first shoreline position induces the difference for just a certain amount of time, not for the entire time series. In addition, the difference increases in each seasonal accretion trend. On the contrary, the difference becomes smaller in each seasonal erosion trend. This finding reveals that the hysteresis driven from the accretion process is larger than from the erosion process. The difference in the first shoreline position induces the difference for just a certain amount of time, not for the entire time series. 

Decimation of shoreline data series

A question now arises as to whether the quality of the empirical model output is related to the quantity of the shoreline data [START_REF] Vitousek | A model integrating longshore and cross-shore processes for predicting long-term shoreline response to climate change[END_REF]. In this section, the shoreline data time series are decimated randomly. A certain percentage of data points (10%, 20%, 30%, 40%, 50%, 60%, 70% and 80%) of the time series shoreline data (there are 217 shoreline data points during the period 2005 -2017) are removed in order to evaluate the importance of the shoreline data quantity to the model result. The number of shoreline data points in each case is 195,174,152,130,109,87,65 and 43. Figure 3.15 shows that all simulations are very close. The more intriguing is the case of 80% decimation (43 data points left) (Figure 3.16). In Figure 3.16, it is found that although there is just 20% of the original data points, the shoreline positions which are picked randomly still have some data points at peaks of erosion and accretion. Despite a large decimation (80%), the model yields a similar evolution trend of the reconstructed shoreline position (Figure 3.15). It reveals that generally, the number of shoreline data points just affects a small portion of the model quality, while the forcing wave has a very important role in determining of the modeled shoreline behavior.

Decimating randomly can also preserve erosion and accretion peaks, so the training of the model is not too much affected. This is consistent with the remaining shoreline data points after decimating 80% shown in Figure 3.15.

Discussion and conclusion

At specific times, such as during 2011 -2012 and from October 2014 to March 2015 (Figure 3.17), the modeled shoreline changes from one trend (erosion or accretion) to another while the data behaves differently. In the case of 2011-2012, the model goes from an erosion tendency to an accretion one while the data shows a persistent erosion behavior. Considering the envelopes of the Dean number of that duration, the upper and lower envelopes are out of phase, the variability of the instantaneous Dean number is large and develop on both sides of Ω eq . On the contrary, in duration when the upper and lower envelopes are in phase, the model predicts a similar evolution with the measurement. It is realized that when the upper and lower envelope are in phase, Ω is mostly larger or mostly smaller than Ω eq in that duration, which drives erosion or accretion, respectively. Intuitively, the model predicts well if in that duration Ω dominates obviously just on one side of Ω eq . In addition, in that duration, the observed shoreline continues eroding despite decreasing Ω, meanwhile, at that time the modeled shoreline accreting strictly follows decreasing Ω. The observed shoreline response can be explained as same as the morphological hysteresis between beach changes and wave climates that erosion continues after reductions in wave height of the experiment of sequences with increasing and then decreasing wave heights [START_REF] Baldock | Morphological hysteresis in the evolution of beach profiles under sequences of wave climates-part 1; observations[END_REF]. Besides, according to [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF], the model does not perform well at some accretion events because of the short-lived bar welding events and the reason why it underestimated the erosion events is that the large storm surge makes the erosion increase.

A very important question arising at the end of this chapter is how good is the model to predict future shoreline positions? The free parameters obtained from the ShoreFor model calibrated with shoreline data during the period 2005 -2013 are used for the shoreline prediction during the period 2013 -2017. Figure 3.18 shows the predicted shoreline in It affirms that the model is completely able to predict if the calibration shoreline data includes sufficiently erosion and accretion trend signals.

In this chapter, the ShoreFor model was completely reimplemented which yielded the same shoreline response as that of [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF] and [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. The sensitivity analysis is performed to have a better understanding of the influence of each parameter on the model result and the beach behavior related to the wave forcing. For the chosen different periods, the wave forcing has the same statistical characteristics. It indicates that the shoreline change mainly depends on the order in which events occur. Moreover, r determines the relation between accretion and erosion on the calibration time range and it should be calculated using forcing conditions only in that time range. The sensitivity analysis also indicates that the model skill is not sensitive to the choice between the significant wave height at depth of 54 m and at breaking point. This is because on the Truc Vert beach there is a simple correspondence˝between offshore waves and waves at breaking point. Indeed no diffraction takes place on that site. The shoreline and forcing data was divided into different periods to investigate the shoreline model behavior in each period. The memory decay φ for each of them is different. So it begs the question of what φ really represents? Additionally, the model is absolutely able to predict the shoreline evolution if the shoreline data in the calibration period contains enough information on both erosion and accretion trends.

Introduction

From a morphology standpoint, Narrabeen beach is an embayed beach with curvature. It is thus expected to be a good test case for modeling shoreline evolution taking into account the longshore transport. In this chapter, shoreline evolution modeling based on the ShoreFor model and the combined model using Narrabeen beach data [START_REF] Turner | A multi-decade dataset of monthly beach profile surveys and inshore wave forcing at narrabeen, australia[END_REF] are presented and compared.

The information about morphology and wave climate of Narrabeen beach is introduced in section 4.2, along with the shoreline and wave data. 

Site and data

Site description and bathymetry

Narrabeen, an embayed sandy beach with the length of 3.6 km, is located on Sydney's Northern Beaches in the Southeast Australia (Figure 4.1). The tide regime is micro-tidal and semi-diurnal with a mean spring tidal range of 1.3 m [START_REF] Turner | A multi-decade dataset of monthly beach profile surveys and inshore wave forcing at narrabeen, australia[END_REF]. The mean grain size is φ = 2 (d 50 = 0.4 mm, w s = 0.034 m/s) along the entire beach [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. and beach orientations at the five profile transects. The offshore wave rose shows that the high wave energy with the long period from a SSE direction prevails in this area [START_REF] Turner | A multi-decade dataset of monthly beach profile surveys and inshore wave forcing at narrabeen, australia[END_REF]. The Narrabeen embayed beach is restricted by a northern and a southern headland. Waves at PF6 and PF8 thus undergo more refraction and diffraction processes. They propagate toward the west which is shown in the wave roses at the 10 m depth location (Figure 4.2).

In the north of the beach, dissipative-intermediate beach conditions typically dominated, meanwhile intermediate-reflective ones prevails in the south [START_REF] Turner | A multi-decade dataset of monthly beach profile surveys and inshore wave forcing at narrabeen, australia[END_REF]. Narrabeen beach state is classified as rhythmic bar-beach (RBB) to tranverse bar-rip (TBR) at the northern end and lower-energy low-tide terrace (LTT) and reflective at the southern end [START_REF] Turner | A multi-decade dataset of monthly beach profile surveys and inshore wave forcing at narrabeen, australia[END_REF].

Model input data

The full dataset including the monthly cross-shore profile surveys and hourly inshore wave data at 10 m water depth is freely available at http://narrabeen.wrl.unsw.edu.au and described in detail in [START_REF] Turner | A multi-decade dataset of monthly beach profile surveys and inshore wave forcing at narrabeen, australia[END_REF]. Monthly shoreline data was collected from April 1976 to February 2016 [START_REF] Turner | A multi-decade dataset of monthly beach profile surveys and inshore wave forcing at narrabeen, australia[END_REF]. According to [START_REF] Turner | A multi-decade dataset of monthly beach profile surveys and inshore wave forcing at narrabeen, australia[END_REF], there are five survey transects which are identified as PF1, PF2, PF4, PF6 and PF8 (Figure 4.1). The 8-year time series data from January 2005 to December 2012 that is identical to the calibration period of [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF] was extracted to calibrate our own model. The shoreline proxy of elevation z = 0.7 m corresponding to mean high tide water level is used for calibration (Figure 4.3). Figure 4.3 depicts the time series of the measured shoreline position at the five transects. The uncertainty in shoreline measurement is roughly 5 m [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. The three events marked in Figure 4.3 are worth being considered. During events 1 (in March 2006) and 2 (in April 2008) with similar Ω throughout the five transects, PF1, PF2 and PF4 are in a phase of erosion while PF6 and PF8 are in an accretion phase. It is probably a sign of longshore drift. During event 3 (in March 2011) a lag between erosion events at the five transects is probably a signature of slow˝longshore transport.

The wave data including the significant wave height H s , the peak wave period T p and the wave direction α was collected from January 1979 to October 2014 every 1 h [START_REF] Turner | A multi-decade dataset of monthly beach profile surveys and inshore wave forcing at narrabeen, australia[END_REF]. The wave forcing dataset is at 10 m water-depth location (h = 10 m). Figures 4.4,4.5,4.6,4.7 and 4.8 show the time series of significant wave height H s , peak wave period T p , Dean number Ω and wave power P at 10 m depth of the five transects. The average value of T p for all transects is 9.67 s. The time series of T p has a staircase˝effect which is attributed to the spectral wave modeling. In spectral models, T p is calculated from the discrete energy density spectrum with a frequency resolution ∆f . Regarding wave statistics, Figure 4.9 shows the probability density distributions of wave parameters for 4 periods, namely 2000 -2004, 2005 -2009, 2010 -2014 and 1979 -2014 (entire time series). It appears that the statistical characteristics of the wave fields are very close to be stationary over these 35 years of record.

Since the shoreline variation strongly depends on the local wave climate, wave forcing at breaking point is the best candidate for modeling [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. Indeed waves change orientation and height as they are refracted and diffracted from the 10 m bathymetric line to the breaking point. In Table 4.1, the wave climate data at breaking point is refracted from the wave data at h = 10 m in which the breaking significant wave height is calculated by wave transformation following the energy conservation law (1.14) and the breaking wave angle α b is calculated using Snell's law (1.13) as if the bathymetry is one dimension. Table 4.1 shows the average value and standard deviation of the significant wave height H s and the dimensionless fall velocity Ω at h = 10 m and at breaking point for each transect. The average wave angle at 10 m depth, α 10 , is also shown in Table 4.1. Table 4.1 shows that the average value and the standard deviation of H b are larger than those of H 10 . It means that the data variability of H b is stronger than that of H 10 . As a consequence, the average value and the standard deviation of Ω b are larger than the ones associated with Ω 10 . The average values of significant wave height and wave angle reduce from the north to the south of the beach (Figure 4.10). They almost have nearly constant alongshore changes from PF1 to PF8 [START_REF] Harley | A reevaluation of coastal embayment rotation: The dominance of cross-shore versus alongshore sediment transport processes, Collaroy-Narrabeen Beach, southeast Australia[END_REF]. Figure 4.10 shows alongshore variability of the average significant wave height H s and average wave angle α 1 0. The data contains an obvious north-south gradient for the mean values of H s and α (Figure 4.10) [START_REF] Harley | A reevaluation of coastal embayment rotation: The dominance of cross-shore versus alongshore sediment transport processes, Collaroy-Narrabeen Beach, southeast Australia[END_REF]. PF1, the northern end, is more exposed to the SSE wave climate and PF8, the southern end, is sheltered by a headland (Figure 4.1). Thus, PF6 and PF8, the more sheltered locations experience the smaller incident wave angle and significant wave height than PF1, PF2 and PF4 (Figure 4.2). Figure 4.10 also shows the alongshore variability of θ which is the difference between the average wave angle and beach orientation. In this case, θ is calculated by α 10 and the beach orientation β m estimated on Google Earth images.
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The five profile transect data of Narrabeen beach is used to calibrate two models, on the one hand, the ShoreFor cross-shore model, and on the other hand, the combined model.

The cross-shore model characteristics

Before applying on the combined model, we test the ShoreFor model using Narrabeen beach data.

In our study, the ShoreFor model is calibrated in different ways: with the wave forcing data at h = 10 m and at breaking point. Our wave data transformation from h = 10 m to breaking point is simply done as mentioned above: energy conservation for H s and Snell's refraction law for α. [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF] 4.1), so probably mainly affected by cross-shore transport. Additionally, it is probably not influenced by the wave refraction and diffraction between 10 m depth location and breaking point but only by shoaling. to the location at which significant wave heights are computed. The energy conversation law does not really capture refraction and diffraction processes such as those at PF1 and PF8. It can be because the way wave parameters are computed does not fully reflect diffraction and refraction processes.

Moreover, Table 4.2 indicates that the standard deviation of detrend value of the measured shoreline position data is much larger than that of the ShoreFor modeled shoreline position. In addition, the standard deviations of the modeled shoreline position with wave forcing h = 10 m are larger than those with wave forcing at breaking point. Comparison in the smallest RMSE (Table 4.2), ShoreFor model with wave forcing at h = 10 m gives smaller RMSE.

Tables 4.3 and 4.4 show that at PF6 and PF8, the values of r are larger and the memory decays are smaller than those at PF1, PF2 and PF4, it indicates that the accretion forcing at short time scales at PF6 and PF8 are stronger than that at PF1, PF2 and PF4. Smaller values of φ at PF6 and PF8 which are sheltered sites and larger values at PF1, PF2 and PF4 where are more exposed agree with results of [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF]. The negative sign of d at PF1, PF2 and PF4 represents the eroding trend. On the contrary, the positive sign of d at PF6 and PF8 points out the accretion trend. In general, time series of measured and modeled shoreline positions at PF4 in Figure 4.11 shows that the ShoreFor can describe the shoreline changes over short time scales and the linear shoreline trend in the long-term. However, differences are still significant and sometimes the measured and modeled shoreline position respond in opposite directions. For example, during event 1 (in March 2006) marked in Figure 4.11, the measured shoreline position points at an erosion event, while the model predicts the accretion. Moreover, the model does not seem to be able to reproduce the standard deviation of the data (Table 4.2). It is not improved by using the breaking significant wave height H b obtained from the energy conversation law. It indicates that the cross-shore model can only partially reproduce the shoreline evolution. This can be explained by the fact that the longshore transport is described only by a free constant parameter d which in itself cannot reproduce longshore drift modulations in time.
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Combined model

As described in chapter 2, the longshore model (2.28) provides two levels of information. On the one hand, it predicts the mean shoreline orientation and, on the other hand, the shoreline accretion/erosion cycles due to the longshore gradient. The equilibrium of the cross-shore components in the combined model is expressed through the equilibrium Dean number. Concerning the longshore, the relation between the beach orientation and incident wave field orientations determining an equilibrium beach is therefore checked before model calibration.

The values of the wave climate parameter ψ (2.18) at breaking point and at the h = 10 m location in Table 4.6 are calculated with (2.18). It is noticeable that ψ is quite small. Accordingly, the average shoreline orientation β is approximately the average breaking wave crest orientation α b as stated by the equilibrium condition (2.19). the measured values of α b and α 10 , the computed values of β 10 and β b with (2.19) and the estimated beach angle β m . The beach angle β m for each transect was estimated on Google Earth images and it is consistent with data of [START_REF] Turner | A multi-decade dataset of monthly beach profile surveys and inshore wave forcing at narrabeen, australia[END_REF]. Values of β 10 are closer guess to β m than β b . This once more is probably due to the very crude way α b is estimated. This is Snell's law which assumes alongshore uniform bathymetry. Theoretically, θ 10 (Figure 4.10) should be equal to -ψ 10 /2 (Table 4.6). However, at PF8 this is not true. Once again this is certainly an effect of the strong diffraction processes taking place in front˝of PF8.

Figure 4.12 shows the probability density distributions of the terms in (2.18) at PF6. Based on the average values of H 5/2 s sin2α ′ and H 5/2 s cos2α ′ , values of ψ can be calculated and validated with value in Table 4.6.

. As mentioned above about H s at breaking point and at h = 10 m in section 4.3 and since our analysis of the beach orientation seems to indicate that wave angles at h = 10 m are more appropriate, we will use the data for H s at h = 10 m in the cross-shore and longshore components of the combined model. For the same reason, the value of α 10 will thus be used to calculate the wave angle fluctuation in equation (2.29). The combined model calibrated with H s at breaking point is shown in Appendix C. Figures 4.13,4.14,4.15,4.16 and 4.17 show both the ShoreFor cross-shore model (1.36) and the combined model (2.29). The contributions of longshore model and cross-shore model to the combined model are separately analyzed and shown in the last panel of these figures. In Figure 4.13, at PF1, during event 1, the longshore model tries to capture the evolution of the measured data but at the same time, the cross-shore model generates an accretion sequence. Whereas, at PF6 and PF8, during events 1 and 3, the longshore contribution gives large magnitude of accretion which improves the modeled shoreline position in the combined model. 
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Values of ψ b , ψ 10 , α b , α 10 , β b , β 10 and β m (see Figure 1.7 for more about angle measurement). The NMSE and smallest RMSE of each transect are presented in Table 4.8. The NMSE and RMSE for the combined model are globally smaller than ShoreFor, especially at PF1, PF6 and PF8. It is clear that the shoreline position from combined model is a better match to the measured shoreline position than that from ShoreFor. At PF1, PF6 and PF8, the combined model gives obviously smaller RMSE. At these transects, the longshore contribution provides more seasonal fluctuations than that at PF2 and PF4.

Figure 4.18 shows the way the RMSEs changes with values of the memory decay φ in the combined model compared to the ShoreFor model at PF6. The RMSEs of the combined model are smaller than those of the ShoreFor model. The memory decay increases when the longshore is accounted for.

Calibration parameters of longshore and cross-shore components are shown in in longshore contribution, contrary to PF1, PFs6 and PF8. At PF2 and PF4, the absolute values of a and b are small, meanwhile, c in the combined model is fairly similar with that in ShoreFor. In fact, PF4 which is very close to a pivotal point of the embayed beach is primarily dominated by the cross-shore transport. Indeed the long-term trend provided by the longshore distribution is small, roughly 5 m. Figure 4.19 shows the probability density distributions of longshore component (2.18) at PF6. The density of H 3/2 s sin2α ′ whose positive values prevail indicates that the waves are typically from the SE direction at PF6. The average of H 3/2 s sin2α ′ tends toward 0, whereas the average of H 3/2 s cos2α ′ approximates 1. Table 4.9 RMSE and NMSE in case of shifted shoreline position.

Shifted shoreline position

As investigated in chapter 3, the models have a certain sensitivity to initial conditions. The choice of the initial shoreline position is somehow arbitrary since the data is vitiated with errors. This implies that a general post-shift of the model output is a reasonable option to improve model-data correspondence. The simulated shoreline position is added a difference between the mean of itself and the mean of the measured shoreline position. Consequently, it definitely gives smaller RMSE for all transects (Table 4.9) in comparison with the previous case (Table 4.8). In particular, at PF8, the RMSE is much smaller.

For instance, Figure 4.20 shows how a constant shift in S can be used to improve the model or data difference. The shifting is within the expected error of the data. The best improvement is at PF8 which is a location where wave propagation and transformation from offshore to nearshore induce the most drastic changes in wave characteristics. 4.10 gives the comparison in RMSE and NMSE between ShoreFor model and the combined model for this period. The general feeling is that the extension to a large time range of calibration does not drastically modify the skills of the model. However, a comparison of Tables 4.7 and 4.11 shows that the calibrated free parameters do change. The striking aspect is a very strong increase in the beach memory φ values. The changes in φ were also discussed in chapter 3 for the Truc Vert beach. At this stage, it is very difficult to assign this behavior to some specific properties of the data. Indeed all free parameters change at the same time and maybe φ changes to adapt to the other modifications. Nonetheless, it seems that the longer the calibration time range, the larger φ. It could be hypothesized that large time scales of the shoreline data are more easily captured on longer time series. If this was the case, the beach memory would not really be intrinsic to the beach but contain information on the wave data time scales that constrain shoreline position time scales. 

Hindcast ability

The calibration parameters obtained from the combined model during the period 2005 -2012 (Table 4.7) are used for the shoreline hindcast between 2000 and 2005 and between 2012 and 2015. Figure 4.26 gives the hindcast skills in comparison with the calibration for the period 2000 -2015 at PF6. Surprisingly the hindcast results with the free parameters calibrated on 2005 -2012 range are very satisfactory compared with those of the calibration on the complete 2000 -2015 time range. From Tables 4.7 and 4.11, it can be seen that at PF6, the calibration parameters in these two periods are quite similar, so the hindcast skills are well obtained. However, at PF1, PF2 and PF4, the calibration parameters are rather different, especially the memory decay φ, so the hindcast does not work well (Figure 4.27). It is realized that the model calibrated with a longer period leads to an increase of φ, which means that the memory of the beach changes along with the calibration time range. This once more questions what the free parameter φ means as discussed in section 4.4.2. 

Sensitivity analysis to D

Discussion

It is noticeable that the shoreline fluctuations provided by cross-shore model are insufficient to match the variability of the measured shoreline data. Figure 4.30 shows the detrended shoreline position of the ShoreFor model compared with that of the cross-shore contribution in the combined model. The difference stems from the seasonal fluctuations of the longshore contribution. Indeed, the longshore contribution has very small variability at PF2 and PF4 (Figures 4.14 and 4.15), so they are identical. Meanwhile, a strong variability of the longshore contribution at PF1, PF6 and PF8 (Figures 4.13, 4.16 and 4.17) leads to a significant difference.

Regarding the longshore contribution, it is undeniable that the longshore component gives the right trend of shoreline evolution. It indicates that the free parameter d in (1.36) is profitably substituted by the longshore contribution. During the same period, the beach has an overall erosion tendency at PF1 and PF2 while at PF6 and PF8, the beach is accreting. Additionally, the longshore component gives a slight eroding trend at PF4 (approximately 5 m in 8 years) indicating that this transect is close to a pivotal point of the embayed beach [START_REF] Harley | A reevaluation of coastal embayment rotation: The dominance of cross-shore versus alongshore sediment transport processes, Collaroy-Narrabeen Beach, southeast Australia[END_REF]. The relationship between shoreline trends corresponding with each transect indicates a suitable physical explanation of sediment transport in the embayed beach. Furthermore, at PF1, PF6 and PF8, the longshore contribution gives not only the right trend, but also seasonal shoreline changes. This finding indicates that part of the seasonal shoreline position fluctuations are also due to longshore transport. The out of phase behavior between longshore contributions of PF1 and PF6 shows that sand is transported from PF1 to PF6 and reversely according to seasons. Having very clear seasonal fluctuations in comparison with the remaining transects proves that the longshore transport has strong effect on PF1, PF6 and PF8. That is why the longshore component contributes considerably more to the combined model at these three transects, thereby providing smaller RMSEs than the other transects. At PF2 and PF4, the longshore contribution does not give clear fluctuations, but it gives the right trend.

In the combined model, the simultaneous appearance of cross-shore and longshore components brings up a question: whether the longshore component can demonstrate its ability by itself to simulate the shoreline changes due to longshore transport or it is affected by the cross-shore component? In this regard, the longshore model alone is calibrated with the shoreline and forcing data in order to compare with the longshore contribution in the combined model. Figure 4.31 shows the shoreline position of the longshore contribution in the combined model compared to that of the longshore model alone. It is realized that they have some of the same behaviors, especially at PF4, PF6 and PF8. Thus, the longshore component in the combined model is absolutely capable of simulating the shoreline changes due to the longshore process.

The combined model has smaller NMSE and RMSE in the shoreline position compared with the ShoreFor model. Despite having smaller RMSE, the shoreline calibration of the combined model is still not entirely satisfactory at PF1. It may be due to the location of PF1 close to the headland and in front of a shoal. This points at the need of a better estimation of the breaking wave characteristics by a method taking into account both the refraction and diffraction of waves. While most of the studied transects have similar NMSEs to those of [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF] Fig. 4.31 Comparison between the longshore model alone (darkgreen dashed line) and longshore contribution (green solid line) in the combined model at each transect. is sensitive to the wave direction and longshore transport. Besides, it should be emphasized that a certain improvement of the skills of the model could be gained by offsetting the S computed values to minimize the RMSE, especially, at PF8.

Conclusion

To conclude, the suggested longshore contribution is correctly able to describe the long-term trend of shoreline positions including some seasonal fluctuations. Our new model which was a combination of a cross-shore and longshore models outperformed, with smaller NMSE and RMSE, over a "pure" cross-shore model. Most of the shoreline evolution models only predict the shoreline variation on a given calibration time range (usually in range from 5 -8 years, nor a longer time range, nor the shoreline variations out of the calibration time range). However, the combined model can be efficient on longer time ranges (∼ 15 years) and is able to predict the shoreline variation out of the calibration period if the calibration period contains sufficient information on all time scales of beach cycles˝.

In addition, it is true that the nearshore wave climate is more relevant for shoreline evolution since wave transformation processes are not independent of the wave characteristics. However, the estimation of the nearshore wave climate from the empirical formulas and Snell's law which were applied in this study are quite coarse. Therefore, wave data correctly propagated and refracted from offshore to breaking point could improve the shoreline modeling. 

Introduction

Shoreline evolution modeling requires wave parameter inputs and especially those at breaking point characteristics. We have seen in the previous chapter that breaking point characteristics determined too crudely do not yield satisfactory results. The wave characteristics at breaking point therefore need to be defined carefully by taking refraction and diffraction processes into account. This chapter focuses on wave modeling using the spectral Simulating WAves Nearshore model (SWAN). SWAN is a third-generation wave model for obtaining realistic estimates of wave parameters in coastal areas, lakes and estuaries from given wind, bottom and current conditions [START_REF] Booij | A third-generation wave model for coastal regions: 1. model description and validation[END_REF]. More precisely, it is used to calculate wave propagation from deep water to near-shore zone to lead to the breaking wave characteristics that are subsequently used for the shoreline evolution modeling based on the combined model (2.29) described in chapter 2. The wave modeling is performed with data of Nha Trang beach, Vietnam from May 2013 to December 2015. Model validation is conducted by comparing SWAN outputs at points of the European Center for Medium-Range Weather Forecasts (ECMWF) data and with buoy data of the Coastal Variability in West Africa and Vietnam project (COASTVAR) [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF].

After having recalled, in section 5.2, the SWAN model, the data of Nha Trang beach is introduced in section 5.3. Then, the numerical set-up validation is carried out in section 5.4. Section 5.5 presents about the nearshore results and the sensitivity analysis. Section 5.6 draws a conclusion.

SWAN model

Wave spectrum

The wave spectrum E(f, θ) describing the wave energy distribution in terms of frequency f and direction θ provides most of the wave information. Figure 5.1 shows the 1D E(f ) and 2D E(f, θ) wave spectra. The energy density at frequency f is defined as:

E(f ) = 2π 0 E(f, θ)dθ (5.1)
The nth moment of the energy density spectrum is given by:

m n = ∞ 0 f n E(f )df (5.2)
The significant wave height is defined as:

H s = 4 √ m 0 (5.3)
where m 0 is the variance (zero order spectral moment) of the sea surface elevation:

m 0 = η 2 = +∞ 0 E(f )df (5.4)
The mean wave periods are defined by:

T m01 = m 0 m 1 T m02 = m 0 m 2 T m-10 = m -1 m 0
(5.5)

(5.6)

(5.7)

The SWAN model is based on the spectral action balance equation with sources and sinks to define the evolution of the action density N = E/f [START_REF] Komen | Dynamics and modelling of ocean waves[END_REF]:

∂N ∂t + ▽ ⃗ x . ⃗ c g + ⃗ U N + ∂c f N ∂f + ∂c θ N ∂θ = S tot f (5.8)
The kinematic part is on the left-hand side. The propagation of wave energy in 2D ⃗ x-space is described by the second term; c g is the group velocity, ⃗ c g = ∂f /∂ ⃗ k, where f 2 = g ⃗ k tanh( ⃗ k d), ⃗ k is the wave number vector and d the water depth. The third term denotes the radiant frequency shifting effect (Doppler effect) due to depth and mean current variations. The depth-induced and current-induced refraction is represented in the fourth term. c f and c θ are the propagation velocities in spectral space (f ,θ). S tot on the right-hand side is the source or sink term.

Equation (5.8) can be expressed in Cartesian coordinates to give:

∂N ∂t + ∂c x N ∂x + ∂c y N ∂y + ∂c f N ∂f + ∂c θ N ∂θ = S tot f (5.9)
where c x and c y are the propagation velocities in Cartesian space (x, y).

The finite difference method is used to discretize equation (5.9). The resolution grid includes constant ∆x, ∆y, ∆f and ∆θ. The grid is counted as 1

≤ i ≤ N x , 1 ≤ j ≤ N y , 1 ≤ l ≤ N f and 1 ≤ m ≤ N θ .
The approximation of the left-hand side of (5.9) with the implicit Euler technique is given by: Fig. 5.2 The energy propagation through one cell [START_REF] Holthuijsen | Waves in oceanic and coastal waters[END_REF].

N n -N n-1 ∆t | i,j,l,m + [c x N ] i+1/2 -[c x N ] i-1/2 ∆x | n j,l,m + [c y N ] j+1/2 -[c y N ] j-1/2 ∆y | n j,l,m + [c f N ] l+1/2 -[c f N ] l-1/2 ∆f | n j,l,m + [c θ N ] i+1/2 -[c θ N ] i-1/2 ∆θ | n j,l,m
(5.10)

where ∆t is the time step and n indicates the time-level. At small scales, the energy balance of the waves in the cell is defined as [START_REF] Holthuijsen | Waves in oceanic and coastal waters[END_REF]: change of enegy in cell = net import of energy + local generation of energy (5.11) where the left-hand side can be written as [START_REF] Holthuijsen | Waves in oceanic and coastal waters[END_REF]:

change of energy in cell = E(f, θ)∆x∆y + ∂E(f, θ) ∂t ∆x∆y∆t -E(f, θ)∆x∆y = ∂E(f, θ) ∂t ∆x∆y∆t (5.12)
The right-hand side of (5.11) is defined as (Figure 5.2): where S(f ) is the source term. From (5.12), (5.13), (5.14) and (5.15), the energy balance for the cell ∆x∆y over ∆t is given by:

net import of energy in the x -direction = c g,x E(f, θ)∆y∆t -c g,x E(f, θ) + ∂c g,x E(f, θ)∆x ∂x ∆y∆t = ∂c g,x E(f, θ)∆x ∂x ∆x∆y∆t net import
∂ ∂t E(f, θ)∆x∆y∆t = ∂c g,x E(f, θ)∆x ∂x ∆x∆y∆t - ∂c g,x E(f, θ)∆x ∂y ∆x∆y∆t + S(f, θ)∆x∆y∆t (5.16)
where c g,x = c g cos θ and c g,y = c g sin θ Equation (5.16) can be written as [START_REF] Holthuijsen | Waves in oceanic and coastal waters[END_REF]: 

∂E(f

Sources and sinks

S tot consists of 6 shallow water processes [START_REF] Booij | A third-generation wave model for coastal regions: 1. model description and validation[END_REF]:

S tot = S in + S nl3 + S nl4 + S ds,b + S ds,w + S ds,br (5.18)
The terms on the left-hand side are wave growth by the wind, nonlinear wave energy transfer through three-wave and four-wave interactions and wave dissipation due to bottom fiction, white-capping and wave breaking, respectively [START_REF] Booij | A third-generation wave model for coastal regions: 1. model description and validation[END_REF].

Wind input. Following [START_REF] Phillips | On the generation of waves by turbulent wind[END_REF], waves are generated by the resonance mechanism between pressure waves and water surface waves [START_REF] Holthuijsen | Waves in oceanic and coastal waters[END_REF]. Based on the feedback theory of [START_REF] Miles | On the generation of surface waves by shear flows[END_REF], waves are generated by wind-induced pressure and then grow exponentially in time.

Wave growth by the wind is depicted by:

S in (f, θ) = A + B E(f, θ) (5.19)
where A represents the linear growth and B represents the exponential growth. They depend on the speed and direction of wind and waves. A is calculated using the empirical expression of [START_REF] Cavaleri | Wind wave prediction in shallow water: Theory and applications[END_REF]. B has two optional expressions. First, it is taken from [START_REF] Snyder | Array measurements of atmospheric pressure fluctuations above surface gravity waves[END_REF] and [START_REF] Komen | On the existence of a fully developed wind-sea spectrum[END_REF] for the WAM Cycle III formulations in SWAN. Second, B is taken from [START_REF] Komen | On the existence of a fully developed wind-sea spectrum[END_REF] for the WAM Cycle IV model.

Nonlinear wave-wave interactions.

The wave growth is affected by the energy exchange amongst the waves. Four-wave interactions occurring in deep water transfer wave energy from the spectral peak to lower frequencies and higher frequencies [START_REF] Team | scientific and technical documentation, swan cycle iii version 40.72 abc[END_REF]. Three-wave interactions occurring in shallow water transfer energy from lower frequencies to higher frequencies [START_REF] Team | scientific and technical documentation, swan cycle iii version 40.72 abc[END_REF].

Dissipation due to bottom friction.

The wave energy is dissipated by the friction between the fluid flow and the bottom. The wave height is reduced when waves propagate shoreward submitted to friction.

Dissipation due to white-capping.

White-capping refers to wave breaking in deep water and the wave energy is dissipated through this process. It is mainly controlled by the steepness of the waves [START_REF] Team | scientific and technical documentation, swan cycle iii version 40.72 abc[END_REF].

Dissipation due to depth-induced wave breaking.

The wave energy is dissipated when waves propagate to shallow water and their heights become larger than a certain fraction of the water depth. The fraction of the wave height to the water depth (breaking index γ b ) is often a constant with a range from 0.6 to 0.83 [START_REF] Battjes | Calibration and verification of a dissipation model for random breaking waves[END_REF]. According to [START_REF] Kaminsky | Evaluation of depth-limited wave breaking criteria[END_REF], γ varies between 0.6 and 1.59 [START_REF] Team | scientific and technical documentation, swan cycle iii version 40.72 abc[END_REF].

Site and data

Site description and bathymetry

Nha Trang beach is an embayed beach of roughly 6 km long, located in the southeastern Vietnam coast (Figure 5.3). The Cai river estuary borders on the beach in the north. The beach is sheltered by Hon Tre, Hon Tam, Hon Mieu islands in the south. The tide regime is microtidal and a mix of diurnal and semi-diurnal with a tidal range of roughly 1.5 m at spring tide. The beach is classified as flat low-tide terrace (LTT) and a steep beach face slope (∼ 0.1) [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF]. The mean sand grain size is of 0.4 mm. Along the shoreline, we have selected 5 transects, namely PF1, PF2, PF3, PF4 and PF5 (Figure 5.3) which will be useful in the sequel. PF1 is at the COASTVAR-NT4 field experiment location in the north of Nha Trang beach. 

Waves

Waves in Nha Trang are affected by summer monsoons (from May to September) and winter monsoon (from October to April). Waves of summer monsoon coming from the SE direction are weak while winter monsoons from the NE direction drive very strong waves. From August to December, typhoons approach Nha Trang typically from the NE direction. Figure 5.4 shows typical wave directions approach Nha Trang beach in summer and in winter monsoons.

Model input data

Bathymetry grid

The bathymetry data input in SWAN is a combination of the General Bathymetric Chart of the Oceans (GEBCO) and COASTVAR measured topography data (Figure 5.5). The resolution of GEBCO data is about 800 m. The COASTVAR measured topography data is very fine in the near-shore zone. It has a steep beach face slope and flat low tide terrace (Figure 5.6). The beach profiles at 5 transects along the shoreline which are extracted from COASTVAR measured topography data by the software BlueKenue are shown in Figure 5.6. From Figures 5.5 and 5.6, it is clear that the beach face steepens from the north to the south. In our work, SWAN is run with uniform structured grids. The computational grids have 5 sizes of 600 m, 400 m, 200 m, 100 m and 20 m which reduce from offshore zone to near-shore zone (Figure 5.7). The nested SWAN runs are carried out with five separate SWAN runs. The 600 m grid which has the coarsest resolution needs the boundary conditions from ECMWF wave fields. The larger grid outputs a nest file which contains wave spectra along the boundary of the inner grid. Table 5.1 shows the domain sizes of the 5 grid resolutions (Figure 5.7).

GEBCO data grid points

Cai river estuary

Boundary wave condition

The offshore wave parameters which includes the significant wave height H s , the peak wave period T p and the wave direction α are extracted from the ERA Interim dataset provided by ECMWF with a time step of 6 hours. They are used as boundary conditions for wave modeling at a distance from the beach of about 60 km. The region of interest has a length of 83 km and width of 65 km. In that region, the location of the ECMWF data points are given in Figure 5.8. The ECMWF wave data at points 5, 9, 10, 11, 12 and 8 is used for boundary conditions of SWAN runs. Figure 5.9 shows a directional plot of the significant wave height H s and the peak wave period T p at point 10 of ECMWF. Point 10 is in the offshore zone and roughly 60 km away from the beach. In fact, in summer monsoon, offshore waves typically travel from the SW direction. However, because of the influence of a group of islands in the south, waves change direction (SE direction) by refraction and diffraction when approaching the beach.

Figures 5.10 and 5.11 show the significant wave height, the peak wave period and the wave direction at coarser grid boundary points in May 2013 (summer) and in December 2013 (winter), respectively. In May 2013, the range of the offshore significant wave heights are from 0.3 m to 1 m, with peak wave periods from 4.2 s to 11.2 s and wave directions from 45 • to 212 • (nautical convention). In December 2013, the range of the offshore significant wave heights are from 0.8 m to 3.8 m with peak wave periods from 6.4 s to 11.2 s and wave directions from 14 • to 62 

Tides

The tidal data is provided by the Nha Trang Oceanography Institute (IO) for Cau Da gauge (Figure 5.12) with 15 minute time step in May, October, November and December 2013 and 1 hour interval for remaining months. Figure 5.12 shows the tidal level of IO at CauDa gauge from May to December 2013 in comparison with tidal level of SHOM (Service Hydrographique et Océanographique de la Marine). The shift is due to a nautical 0 m elevation different definition. The SHOM tidal level is fairly identical to the IO tidal level. They will be incorporated in the model.

Wind condition

The grid points numbered in Figure 5.8 are also the grid for the wind input. The wind velocities at 10 m elevation and the wind direction are also from ECMWF database with the same time step of 6 hours and spatial step of 0.5 • or ∆X = ∆Y = 28 km (Figures 5.13 and 5.14).

Initial condition

The initial condition is defined as the initial spectra which are computed from the local wind velocities (DEFAULT command in SWAN). SWAN needs time to warm up, the computational begin time is therefore chosen 1 day before the simulation.

Numerical set-up validation

The hindcast wave data at interior points 6 and 7 of the ECMWF data grid (Figure 5.8) is compared to our SWAN computations in order to check if the default options in SWAN activate the relevant physical processes. In this case, SWAN is run in the third-generation mode with nonlinear saturation-based white-capping combined with wind input. Points 6 and 7 are in deep water (about 120 m depth), the triads, bottom friction and depth-induces breaking are therefore not activated.

The wave outputs at points 6 and 7 are extracted from nodes of the 400 m grid. Figures 5. 15 and 5.16 show the time series of significant wave height and wave direction from SWAN and ECMWF at points 6 and 7, respectively. The RMSE of the 3 years time series of significant wave height and wave direction between SWAN and ECMWF at these two points are shown in Table 5.2. These small values of RMSE indicate that SWAN was correctly set up and able to retrieve ECMWF time series wave data at interior grid points. The difference is attributed to the difference in modeling parameterization and numerical schemes.

The ECMWF data is also available at interior points, such as 2 and 3. Point 2 is closer to Nha Trang beach than point 6 (water depth of 16 m) and at a distance from the shoreline Points RMSE of H s (m) RMSE of α ( of 5.7 km. Point 2 is sheltered by the islands. Point 3 is more exposed than point 2 with depth of 20 m and at a distance from the shoreline of 1.4 km. Time series of significant wave height and wave direction computed with SWAN and ECMWF at points 2 and 3 are shown in Figures 5.17 and 5.18. They show that the significant wave height from SWAN in summer (May to October) is very weak. The significant wave heights from SWAN at points 2 and 3 are smaller than those of the ECMWF database with the RMSE of roughly 0.5 m, it seems that SWAN wave loses more energy when waves propagate from points 6 and 7 to points 2 and 3. However, a closer inspection at the ECMWF data shows that the wave fields at points 1, 2, 3, 4, 6 and 7 are identical (Figure 5.19). SWAN, on the other hand, computes different wave heights at points 2 and 3. The significant wave height from SWAN at point 3 is larger than that at point 2 which is partially sheltered by the island. Our computations are able to make a difference between wave propagation up to point 2 and that up to point 3, which is not the case of the ECMWF database. Point 1 is inland but it still has wave data which is very close to data at points 2, 3 and 4. These findings reveal that the ECMWF database is not reliable in the coastal zone of Nha Trang area. This resonates with comments found in [START_REF] Harley | A reevaluation of coastal embayment rotation: The dominance of cross-shore versus alongshore sediment transport processes, Collaroy-Narrabeen Beach, southeast Australia[END_REF]. They found that the wave direction and wave height of the ECMWF database (ERA-40) at the closest point to the Sydney coastline are overestimated. Since the SWAN output is very close to the ECMWF hindcast data at points 6 and 7, we will consider that our SWAN outputs at point 2 are correct.

Nearshore results and sensitivity analysis

Nearshore results

The nearshore wave data collected from COASTVAR project in May and December 2013 is valuable to validate the wave model close to the coast. There are 2 wave buoys (AWAC sensor) in each of the two months, A andB in May 2013 and[START_REF] Almeida | Years S (m)[END_REF]D in Dec 2013 (Figure 5.20). These buoys are rather near the beach, the water depth at points A, B and D is about 10 m and that at point C is about 5 m. In this case, the third-generation mode, the depth-induced wave breaking in shallow water and the bottom friction with default parameters are activated in SWAN.

The locations of buoys from COASVTAR project from 23 to 31 May 2013 are called points A and B. The locations of buoys from 3 to 10 December 2013 are called points C and D. Point A is at a depth of 11 m and 1 km away from the beach. Point B is at a depth of 9 m and 0.77 km away from the beach. Point C is very near to the beach with 5 m depth and 0.14 km away from the beach. Point D is at a depth of 9 m and 0.85 km away from the beach. The differences in significant wave height and wave direction between SWAN and buoy data in May 2013 at points A and B are shown in Figure 5.21. It is realized that wave data at (°) Fig. 5.16 Comparison between SWAN (blue dashed line) and ECMWF (red line) time series of significant wave height and wave direction at point 7. point A and B from SWAN reasonably match, A and B are fairly close and near the beach. This, of course, gives confidence in the nearshore data. Waves during that period in May 2013 were very small of roughly 0.2 m. In the model setup and validation section, we showed that the RMSE in offshore zone was roughly 0.15 m. It cannot therefore be expected for SWAN to reduce this error. The H s base values are well reproduced. However, from these figures, SWAN underestimates the peaks of the measured significant wave height. The buoy significant wave heights have larger peaks in comparison with the significant wave height from SWAN. The strong variability of H s at nearshore buoys may be attributed to the local winds which may not be included in ECMWF wind field inputs and not calculated in SWAN.

Local land breezes or sea breezes could explain the difference. The peaks of buoy wave heights occur every 24 h which could be in line with local breeze effects. The wave height of SWAN also has this 24 h time scale but not strong enough. This 24 h quasi-period could also suggest some influence of the tide. Recall that tidal fluctuating levels measured at Cau Da are incorporated in the computations.

In May, summer monsoons start with very weak waves and wind. The offshore wind magnitude is from 0.2 m/s to 6.6 m/s (Figure 5.13). The significant wave height at boundary points are small from 0.3 m to 1 m (Figure 5.10). With those inputs in SWAN, they therefore drive very small inshore waves in May. Meanwhile, the mean value of α from SWAN is higher than that of the buoy which has much more fluctuations (Figure 5.21). Although SWAN wave direction at points A and B does not have the same variability as the buoy, it gives a right trend. Table 5.3 shows the RMSEs of significant wave height and wave direction at point A, B, C and D. The wave direction measured at buoy C has a huge variability; meanwhile, the wave direction from SWAN has almost the same value of 90 Figure 5.23 shows the wave spectra at points A and B. We see from these figures that the wind waves are mainly from SE direction (165 • ) and swells represented by a narrow directional and frequency spectrum spreading propagate westward from the East Sea with a direction of 95 • . Figure 5.24 shows the wave spectra at points C and D. These figures indicate that wind waves from the East prevail with very strong energy in winter. The RMSEs between SWAN and buoy data are shown in Table 5.3. In aspect of comparison with the buoy data, the RMSEs approximates 0.11 m which is smaller than 0.26 m of [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF]. However, SWAN cannot calibrate completely variation of measured significant wave height and wave direction at buoys because the local land and sea breezes are absent from the wind forcing.

Sensitivity to the wind input

The sensitivity analysis of SWAN to the wind input is now analyzed. In the previous section, we noticed that SWAN underestimates the measured wave heights at the nearshore buoy of the NT4 campaign. We suspect that the wind forcing provided by ECMWF does not take into account the local winds which of course affect wave generation. On the one hand, the significant wave heights at buoys are extracted from the wave height spectrum ranging from swell to local waves provided by AWAC sensors. On the other hand, SWAN just calculates waves from ECMWF offshore wind and wave fields which probably do not include local coastal breezes. A correcting procedure is suggested.

Wind inputs are thus increased artificially to verify how it changes the significant wave heights. The high frequency part of the wind field is increased by 70%. Wind velocities are increased in the following way:

U = U ECMWF + 0.7 U HP F V = V ECMWF + 0.7 V HP F (5.20) (5.21)
where U is the X-component and V is the Y-component of the wind. U ECMWF and V ECMWF are the two components of the wind from the ECMWF database. U HP F and V HP F are the high frequency components of U ECMWF and V ECMWF . By doing so we assume local breezes blow on much shorter time scales than offshore and storm winds. In this case, the HPF is calculated from the low pass filter (LPF) with the cut-off frequency of 0.25 which means the filter windows the lowest 25% frequencies of the spectrum. Figure 5.25 shows the increased wind velocity in comparison with the original ECMWF wind velocity.

Figure 5.26 shows the significant wave height achieved by increasing wind input of SWAN in comparison with that from original ECMWF wind input of SWAN and from buoy A. It indicates that although the significant wave height for increasing wind is larger than from original wind, it is still smaller than the buoy data. Buoy A is quite close to the beach, the local breezes therefore have strong effect on it. The local breezes may affect the water surface displacements and hence the significant wave height at buoy has more fluctuations and more peaks. Figure 5.27 shows the wave spectra computed by SWAN with the increased wind data by (5.20) and (5.21) at point A. It is realized that the narrow low frequency band does not change but the broad high frequency band changes in magnitude. The increase in wind velocities induces wind sea waves, but does not generate swells, of course. This is also illustrated when the wind velocities are assigned 0, wind sea waves are not formed, there is just waves formed by swell which is shown in Figure 5.28. Change in wind velocity input induces change in wave energy. Increased wind velocity enhances the significant wave height but it cannot achieve measured significant wave height at buoys. Local breezes will only be important during very low energy wave conditions. However, under low energy forcing, we can foresee that shoreline changes will not be important and therefore high fidelity of wave heights in these cases will not impact significantly shoreline modeling.

Sensitivity to the grid size

The sensitivity to the grid sizes is performed in order to investigate the influence of the grid resolution on the SWAN outputs. A better nearshore output is expected to be achieved with a high resolution. The SWAN wave outputs at points A, B, C and D from output grid sizes of 100 and 20 m (Figure 5.7) are used to validate. The RMSEs between outputs of 2 grid size are about 0.004 m at points A and B, and 0.009 m at points C and D. The RMSEs are very small. Figure 5.29 indicates that the significant wave height outputs from grids 100 and 20 are very close. Therefore, the nested fine grid with high resolution does not offer significant improvement.

Sensitivity to physical processes

The sensitivity analysis of physical processes is conducted in order to understand the importance of each physical process for the wave characteristics. The results of sensitivity analysis are compared with the buoy data. Firstly, the sensitivity to white-capping and bottom friction will be performed by activating or de-activating such processes. Secondly, the 4 different bottom friction formulations in SWAN, that of [START_REF] Hasselmann | Measurements of wind-wave growth and swell decay during the joint north sea wave project (jonswap)[END_REF] , [START_REF] Collins | Prediction of shallow-water spectra[END_REF], [START_REF] Madsen | Spectral wave attenuation by bottom friction: theory[END_REF] and [START_REF] Smith | Introduction of a new friction routine into the swan model that evaluates roughness due to bedform and sediment size changes[END_REF] will be investigated.

The results of the sensitivity to the white-capping are shown in Figures 5.30 and 5.31. When the white-capping is de-activated on the entire domain, the significant wave height has higher value, however, the wave direction is smaller. High significant wave height indicates that the white-capping has a strong effect on the wave energy. When the bottom friction is de-activated in the entire domain, at points A and B in May 2013, there is very little differences compared to the activated bottom friction simulations. Meanwhile, at points C and D, de-activated bottom friction gives larger value of significant wave height. The peak wave period in Figures 5.10 and 5.11 shows that the waves in December 2013 are longer than the waves in May 2013 and hence the bottom friction has clearer influence in December. In May, the same physics is also shown on 29th, 30th and 31st when the peak wave period is much larger than that on the other dates, the bottom friction is more influential.

The results of the sensitivity analysis to the bottom friction are shown in Figures 5.32 and 5.33. These figures give the time series of significant wave height from different bottom friction formulations and RMSEs between them with buoy data. In this case, SWAN run in the third generation mode with non-linear saturation-based whitecapping combined with wind input of [START_REF] Yan | An improved wind input source term for third generation ocean wave modelling[END_REF] and the linear growth of [START_REF] Cavaleri | Wind wave prediction in shallow water: Theory and applications[END_REF]. The de-activated bottom friction is also performed for the sake of comparison.

Wave results obtained from SWAN describe the influence of physics processes on wave propagation. The effects of bottom friction and white-capping on waves containing their characteristics, such as H s , T p and wave direction, are demonstrated by de-activating them in SWAN.

Conclusion

To conclude, the SWAN model is able to retrieve in a satisfactory way hindcast ECMWF data at interior points of the domain. For the nearshore wave calculation, although SWAN underestimates the measured wave data at buoys, the RMSE between the measurements and SWAN results is roughly 0.09 m and 0.11 m in May and December 2015, respectively which are smaller than the 0.26 m of [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF]. These skills provide confidence in simulations of nearshore waves at 10 m bathymetric line and at breaking point which will serve in the shoreline evolution modeling in the next chapter.

Wave input data

The 6 h interval ECMWF offshore wave data from May 2013 to December 2015 are propagated and transformed by SWAN up to 10 m water depth and at breaking point for each of the five transects defined in chapter 5. The wave data results at 10 m depth and at breaking point are used for shoreline evolution modeling as for Narrabeen beach.

SWAN modeling at different transects

The wave parameters at the five transects along the Nha Trang beach (5.3) are extracted from SWAN in order to consider the alongshore variability of the significant wave height and the wave direction. Five points at a depth of 10 m along the shoreline on the five transects are chosen to extract the wave outputs. Figure 6.1 shows the time series of significant wave height and wave direction at the 10 m depth location of transects PF1, PF2, PF3, PF4 and PF5. It is realized that the significant wave height and the wave direction reduce from the north to the south. PF1, PF2 and PF3 located in the north part of the beach are more exposed than PF4 and PF5 which are sheltered by the island and hence incoming waves are diffracted with small significant wave height and wave direction.

The differences in wave directions at the five transects are shown in Figure 6.1. It indicates that during winter monsoons, the difference in wave directions at PF5 with that of others transects is larger than during summer monsoons. PF5 directly in front of Hon Tre island, the effects of the island on it are therefore more significant. In winter monsoons, waves propagate strongly from the NE, under the influence of the island, waves are diffracted more at PF5, it makes larger difference in wave direction with the others.

The variability of the significant wave height and the wave direction along the shoreline are also used to evaluate the magnitude of the longshore terms in the combined model. 

Defining breaking wave at different transects

SWAN does not calculate the breaking wave parameters despite their important role in the longshore transport. The breaking wave parameters are defined indirectly from the wave output on a small regular grid of 20 m [START_REF] Bertin | Longshore transport estimation and inter-annual variability at a high-energy dissipative beach: St. Trojan Beach, sw oléron island, France[END_REF][START_REF] Harley | A reevaluation of coastal embayment rotation: The dominance of cross-shore versus alongshore sediment transport processes, Collaroy-Narrabeen Beach, southeast Australia[END_REF]. Firstly, the significant wave height and the water depth are extracted from SWAN outputs to calculate the breaking index [START_REF] Bertin | Longshore transport estimation and inter-annual variability at a high-energy dissipative beach: St. Trojan Beach, sw oléron island, France[END_REF][START_REF]Modélisation de l'évolution long-terme du trait de côte le long des littoraux sableux dominés par l'action des vagues[END_REF]. In this case, the breaking is de-activated in SWAN because we just want to determine the breaker line [START_REF] Limber | Modeling large-scale shoreline change caused by complex bathymetry in low-angle wave climates[END_REF][START_REF]Modélisation de l'évolution long-terme du trait de côte le long des littoraux sableux dominés par l'action des vagues[END_REF] by using the breaking threshold based on the breaking index γ. A value of 0.78 is usually used as the criterion of wave breaking. However, with the coarse computational grid, it is difficult to find exactly that value from the output. A range of the breaking index is thus a better choice. However, the wave breaking criterion is inconsistent. The range of γ is usually from 0.4 to 1.2 which depends on the breaker types and beach slope [START_REF] Reeve | Coastal engineering: processes, theory and design practice[END_REF]. Besides, according to [START_REF] Battjes | Calibration and verification of a dissipation model for random breaking waves[END_REF], γ varies from 0.6 to 0.83 and according to [START_REF] Kaminsky | Evaluation of depth-limited wave breaking criteria[END_REF], it ranges from 0.6 and 1.59. [START_REF] Limber | Modeling large-scale shoreline change caused by complex bathymetry in low-angle wave climates[END_REF]; [START_REF] List | A circulation modeling approach for evaluating the conditions for shoreline instabilities[END_REF] found that the value of γ in SWAN should be smaller than its typical value to reduce its effect on the result. In this study, we thus choose the range from 0.4 to 0.8 for γ 138Combined longshore & cross-shore modeling for embayed beach shoreline of Nha Trang to detect the breaker line instead of using a constant for it. A region of 400 m x 400 m near the beach including the surf zone is thus extracted from the computational grid to find the grid cells having γ in the range from 0.4 to 0.8. Figure 6.2 shows the region of 400 m x 400 m at PF1 and PF3 extracted for the breaker line determination. It is clear that the range from 0.4 to 0.8 of γ provides the breaker line which is continuous along the shoreline and parallel to the shoreline at these two transects (Figure 6.2). Secondly, the significant wave height and the wave direction at breaking point are calculated by taking mean value at grid points in the region of 400 m x 400 m which have the breaking index in the range from 0.4 to 0.8. The breaking significant wave height is also calculated based on the energy conservation law (1.14) from the significant wave height at 10 m depth for the sake of comparison with the breaking significant wave height from SWAN (Figure 6.3). Figure 6.3 shows that the significant wave height from SWAN approximates the significant wave height calculated using the conservation law (1.14) and that they are larger than the significant wave height at 10 m depth. However, the significant wave height cannot be extracted from SWAN simulations from May to September (summer monsoons) because the waves in this time lapse are very small, the nearshore waves may not break at all. Therefore, the significant wave height and wave direction in summer are not shown in Figure 6.3.

Shoreline evolution modeling

ShoreFor model with ECMWF wave data

The ShoreFor model is calibrated with the Nha Trang shoreline data [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF] and the ECMWF wave data at the same nearest point as [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF]. The coordinates of the ECMWF nearest point (point 2 in Figure 5.8) of Nha Trang beach are (309646.83 m E, 1354815.34 m N). This step is expected to yield the same results as [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF].

Two shoreline datasets obtained from video imagery of two cameras are used to calibrate the shoreline model. Figure 6.4 shows the location and snapshot of two video cameras installed from May 2013, one camera facing south (camera SNT) and one facing north (camera NNT). The shoreline dataset 1 (DS 1 ) is from the camera SNT and the shoreline dataset 2 (DS 2 ) is from the camera NNT. DS 1 was obtained from timestack video images of a single cross-shore section PF1 (Figure 5.3 (c)) at the COASTVAR experiment location [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF]. This profile has daily shoreline surveys in 1 year from July 2013 to August 2014 [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF]. DS 2 from a shoreline detection through in-situ video camera NNT was collected in 2.5 years from May 2013 to December 2015 [START_REF] Thuan | Typhoon impact and recovery from continuous video monitoring: a case study from Nha Trang Beach, Vietnam[END_REF]. The shoreline detection was performed on an alongshore distance of 300 m in the North of PF1 (Figure 6.5). In this study, the shoreline position of DS 2 was calculated by taking alongshore average of roughly 100 m in the South of the detection region, which is near to PF1. The shoreline position data of two datasets is plotted in Figure 6.6.

The mean time interval of the shoreline data is 1 day. The time interval of the ECMWF wave fields including H s , T p and α (Figure 6 The ShoreFor model which is calibrated with DS 1 and the ECMWF wave data at the same nearest point as [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF] (Figure 6.9) gives the RMSE of 1.18 m and φ of 47 days. The erosion ratio r is 0.4589. The free parameter c is 0.0072 and d is 0.0015. Value of d is positive and quite small, it indicates that on this calibration time range, the beach is very slightly accreting at a small rate of 0.55 m/yr. For this short time period of 1 year, it is difficult to decide the shoreline trend. Figure 6.9 shows that Ω eq is completely in phase with the modeled shoreline position changes. The upper and lower envelopes of the Dean number are calculated by the algorithm described in chapter 3 instead of the Hilbert transform as in [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF] which is more appropriate for periodic signals.

Figure 6.10 shows the ShoreFor model shoreline position calibrated with DS 2 and ECMWF wave fields. The smallest RMSE in this case is 3.88 m at φ of 70 days. On the common time intervals, the ShoreFor model calibrated with DS 2 provides similar shoreline change patterns. Now comparing with DS 1 , Figures 6.9 and 6.10 indicate clearly seasonal shoreline changes with erosion from October to February of next year and accretion from March to September [START_REF] Thuan | Typhoon impact and recovery from continuous video monitoring: a case study from Nha Trang Beach, Vietnam[END_REF]. However, it is realized that the difference between two shoreline datasets is quite significant, which is clearly shown in Figure 6.11. In some duration, the difference between them comes to 7.5 m that may be attributed to the difference in location of two video cameras. In fact that the distance between two datasets is roughly 130 m (Figure 6.5). In addition, DS 2 is very close to the northern headland, so the shoreline variation is very large (Figure 6.12). Figure 6.12 shows the contrast of the beach at DS 2 location in January 

H 10 (m) σ H 10 (m) H b (m) σ H b (m) Ω 10 σ Ω 10
0.44 0.37 0.43 0.41 1.17 0.78 Table 6.1 Average value and standard deviation of H 10 , H b and Ω 10 for PF1. The index 10 stands for the location where the depth is 10 m along the transect.

ShoreFor model with SWAN wave data at the 10 m water-depth location

The SWAN wave outputs at the 10 m water-depth location are more detailed with 1 h interval in comparison with 6 h interval of the ECMWF wave fields. In addition, the ECMWF nearest point of Nha Trang beach is 5.8 km away from the beach, meanwhile, the 10 m depth location is 1 km from the beach. It is thus expected to have more effects on the shoreline changes.

The probability density distributions of different wave parameters from SWAN outputs at the 10 m depth and at breaking point are shown in Figure 6.13. Table 6.1 gives the average value and standard deviation of the significant wave height at the 10 m water-depth location and at breaking point.

The ShoreFor model which is calibrated with SWAN wave data at 10 m depth (Figure 6.14) and DS 1 gives the RMSE of 1.18 m at φ of 70 days which matches the results of [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF]. In addition, using DS 2 gives the RMSE of 3.28 m (Figure 6.15). 146Combined longshore & cross-shore modeling for embayed beach shoreline of Nha Trang 

Combined model with SWAN wave data

The cross-shore component of the combined model is calibrated with the SWAN wave data at 10 m depth and the longshore component is calibrated with the breaking wave data.

The equilibrium shoreline orientation in (2.19) needs to be verified first before calibrating the combined model. Both the wave data at breaking point and at 10 m depth are used for the equilibrium condition verification (Table 6.2). Table 6.2 shows that β b is a closer guess to β m than β 10 which gives confidence in the SWAN simulations. The wave data at breaking point will thus be used for the longshore component in the combined model. The combined model calibrated with DS 1 and waves at breaking point gives the smallest RMSE of 1.12 m for φ = 20 days. The RMSE of the combined model is smaller than that of the ShoreFor model. In this case, the combined model achieves the smallest RMSE with φ just of 20 days in comparison with 70 days of the ShoreFor model. It indicates that the longshore component interacts with the cross-shore equilibrium state. With the longshore contribution, the equilibrium Dean numbers of the cross-shore component are obtained with a smaller memory decay φ. It means the modeled beach state reaches equilibrium on shorter time scales if the longshore contribution is incorporated. Comparing Figures 6.14 and 6.16 show how the longshore contribution improves the variability of the computed shoreline position, especially during winter. Figure 6.16 (c) shows a clear seasonal shoreline change of the longshore contribution at the Nha Trang beach. From November to January in winter monsoons, it has an eroding trend with amplitude of 5 m and from February to May in summer monsoons, it has an accreting trend with amplitude of 3.5 m. In the middle of October 2013 and early November 2013, the longshore contribution gives a small accretion trend even though Nari and Haiyan hit the coast (Figure 6.16 (c)). The measured shoreline position which indicates that these two typhoons have driven strong erosion events, and then the beach has had a fast recovery immediately after that [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF][START_REF] Thuan | Typhoon impact and recovery from continuous video monitoring: a case study from Nha Trang Beach, Vietnam[END_REF]. In fact, during the COASTVAR-NT4 campaign, it was observed that storm event hit the coast and caused the erosion but then the beach quickly recovered [START_REF] Christopher | Modelling of accretion at Nha Trang Beach, vietnam[END_REF]. This behavior of Nha Trang beach is consistent with the fact that the longshore contribution predicts the accretion trend immediately after the storm ended.

The combined model is also calibrated with DS 2 of [START_REF] Thuan | Typhoon impact and recovery from continuous video monitoring: a case study from Nha Trang Beach, Vietnam[END_REF] which is longer than DS 1 of [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF]. The smallest RMSE is 3.28 m at φ of 70 days (Figure 6.17). The 3 calibration free parameters c, a and b are 0.0114, 0.0079 and 1.1257, respectively. Figure 6.17 (a) clearly shows how φ affects the equilibrium Dean number Ω eq computations. In the first part of winter when the envelop increases, most of the time, the equilibrium Dean number Ω eq is smaller than the instantaneous Dean number Ω. This is due to the fact that because φ = 70 days, the Ω eq is computed by incorporating Ω's small values from the summer period.

Figure 6.21 shows shoreline positions of the combined model for different values of φ. Different values of φ drive differences in values of Ω eq and the erosion ratio r. Figure 6.21, the smaller the φ, the more variability of the shoreline position is taken care of by the longshore contribution. On the contrary, the smaller φ, the less variability of the shoreline position given by the cross-shore contribution.

Tabs. 6.3 and 6.4 show values of optimized parameters and RMSE achieved from two shoreline models calibrated with different wave inputs and with two shoreline datasets. Table 6.5 shows ratio between a and b having from calibration and estimation of the wave data. A very large difference between them may be attributed to the estimation. Figures 6.18 and 6.19 show the comparison between the longshore model alone with the longshore contribution in the combined model. It is realized that they behave quite differently in the long-term trend, especially in case of DS 2 . The longshore model alone gives the long-term trend but the longshore contribution in the combined model does not. In the combined model, part of the trend may be due to the trend in the wave climate that the cross-shore model gives that trend. The cross-shore model can predict the trend if there is a trend in the wave forcing. Figure 6.20 shows the probability density distributions of the wave forcing in two one-year periods: May 2013 to May 2014 and May 2014 to May 2015. In fact that statistical characteristics of their wave forcing are non-stationary. Therefore, it leads to a statistic trend in the wave forcing.

It is obvious that both models cannot predict the accretion trend in summer monsoons. This is due to the weighted average for Ω eq which strongly depends on the memory decay. During summer monsoons, the small wave forcing leads into small Ω eq which is not so different from the instantaneous Dean number Ω. The disequilibrium Dean number is therefore small, which induces weak modeled shoreline position variation.

In fact, during summer monsoons, the surf similarity parameter ξ 0 > 3.3. In this case, the wave parameters at 10 m depth were used to calculate ξ 0 . The breaking waves are classified as the surging breakers and the nearshore waves may not break at all. The surging breakers induce strong swash and gentle backwash, that produces shoreward sand transport [START_REF] Bird | Coastal geomorphology: an introduction[END_REF]. As a result, the shoreline thus tends to accrete in summer.

In order to remedy to the limitation of the shoreline model in summer, during very low energy waves with the surf similarity parameter ξ 0 higher than 3.3, Ω eq is assigned a constant value. In this case, in summer, the beach accretes when Ω(t) < 0.8 while, at the same time, ξ 0 > 3.3: Ω eq is then assigned 0.8. Figure 6.22 shows the shoreline position from the combined model in which Ω eq is modified. The results are improved significantly and the modeled shoreline position is very close to the measured shoreline position during summer (Figure 6.22) in comparison with the previous results (Figure 6.17). The RMSE is of 2.26 m which is much smaller than the previous one (RMSE of 3.27 m). The values of the calibration parameters a, b and c are 0.0239, 3.015 and 0.0195. The erosion ratio r is of 0.5413 and the memory decay φ of 20 days.

Sensitivity to the calibration time range of the erosion ratio

The erosion ratio r strongly depends on the calibration time range of the forcing as noticed in chapter 4. The sensitivity analysis of the calibration time range of the forcing is thus performed once again here to confirm this dependency. The two types of wave data, one is from ECMWF, another is from SWAN at 10 m depth. Different time range from 2013 to 2015 was extracted to calculate r (Table 6.6). Table 6.6 indicates that the ratio between r calculated from SWAN and ECMWF wave inputs is roughly 1.2 which is not too large.

Value of r changes with different calibration time ranges. Values of r are also sensitive to the memory decay φ. Table 6.7 shows values of r corresponding to different values of φ. It is realized that the larger the value of φ, the smaller the r. 

Conclusion

In this chapter, we have first introduced our SWAN data which are able to simulate wave propagation to different transects along the beach. Secondly, we presented how we can define the wave data at breaking point from SWAN outputs. The breaker lines at the five transects obtained with the breaking index in a range from 0.4 to 0.8 enable reliable breaking wave field determination. Thirdly, the ShoreFor and combined models were calibrated with the ECMWF and SWAN wave fields. The results from the combined model calibrated with SWAN wave fields at the 10 m water-depth location and at breaking point were an improvement over those of the ShoreFor model. The longshore contribution strongly improves the variability of the modeled shoreline position. In addition, the seasonal shoreline trend which is a predominant characteristic of Nha Trang beach is also clearly described by the longshore contribution.

Finally, in order to have a good prediction of the beach accretion in summer, we suggested assigning a constant value to the equilibrium Dean number Ω eq when the surf similarity ξ 0 is higher than 3.3 (surging breakers). Doing so, the RMSE is obviously smaller and the modeled shoreline position is a better match to the measured shoreline position than that in the case of unchanged Ω eq .

Conclusions and Future Research

This thesis was set out to investigate how to take into account the longshore transport in the empirical shoreline modeling. We have worked out a model which combines a descriptor of the cross-shore morphological processes based on the Dean number and a descriptor of the longshore processes using wave orientations with respect to the coastline. In this final chapter, we highlight the research contributions of this thesis, as well as discuss directions for future research.

Main Contributions

After a concise introduction of the context and scientific questions of research in chapter 1, we gave an overview of the state of the art in terms of cross-shore modeling. Then, we introduced in detail our combined longshore and cross-shore morphological model. Finally, the applications of the proposed model to different beach shoreline evolution in the following chapters are summarized now.

• The sensitivity of the ShoreFor model on the open beach shoreline of Truc

Vert was presented to understand some issues concerning to the beach memory parameter, the amount of shoreline data necessary and the sensitivity with respect to the choice of significant wave height and to the initial condition. Firstly, it was observed that the memory decay φ can change drastically with the choice of calibration time range. Is the beach memory parameter φ really a morphological parameter remains a pending question. Secondly, the model calibration does not strongly depend on the amount of the shoreline data used in contrasts with that of the forcing data. We can suggest that as long as the different morphological time scales are more or less present in the data, the model calibration will not be modified. Thereby a reduction of shoreline surveys could be suggested. Thirdly, we found that the significant wave height could be chosen at different bathymetric lines with little impact on the model results. The free parameters adapt to that choice as long as diffraction processes by uneven bathymetric features are not present. It is necessary to have a better calculation method for the breaking wave fields instead of empirical formula. Fourthly, the sensitivity of the model shoreline evolution S(t) to the choice of the initial shoreline position, within the range 158Combined longshore & cross-shore modeling for embayed beach shoreline of Nha Trang of measurement errors, has also a weak impact. It also seems the influence on S of this choice fades out in time. Finally, it is found that if the shoreline data contains enough erosion and accretion long term trends "cycles", the model will be able to predict the shoreline variations out of the calibration time range. This is not a surprise probably because the longer the calibration shoreline data series, the more time scales included.

• The combined model for the embayed beach shoreline of Narrabeen was proposed and compared with the ShoreFor model. This combination of modeled morphological processes is clearly able to provide not only the long-term trend but also the seasonal fluctuations induced by the longshore contribution. The model thus gives how seasonal fluctuations split between the cross-shore processes and those of the longshore. From that point of view it can be used as a diagnosis tool of beach morphological evolution. For Narrabeen beach a significant improvement at transect PF6 was found. For the other transects especially PF1 and PF8 wave transformation by diffraction is too important and probably breaking wave parameters would have improved the outputs of the combines model.

• Nha Trang wave modeling was carried out to obtain the nearshore wave data which was subsequently used for the shoreline evolution modeling. The SWAN results were validated by comparing them with the ECMWF wave fields and the COASTVAR buoy data. It was realized that the ECMWF wave data in Nha Trang coastal zone is not reliable everywhere. SWAN gives a smaller significant wave height than that measured by the buoy data. This is because of the absence of the local land and sea breezes in the wind forcing archives.

• Combined longshore and cross-shore modeling for the embayed beach shoreline of Nha Trang was conducted. In comparison with the ShoreFor model, the results were improved by means of the seasonal fluctuations given by the longshore contribution. Besides, we suggested that the equilibrium Dean number definition should be modified for very low energy (ξ 0 > 3.3) waves. In cases like Nha Trang beach the beach memory parameter φ is unable to trigger accretion for these waves because Ω eq eventually incorporates large Ω values of the previous season.

Future Research

The combined longshore and cross-shore modeling was suggested and developed for the analysis of the shoreline evolution in this thesis. However, the combined model and the cross-shore model still have faced unresolved issues. Several perspectives for future work are thus proposed hereafter.

First of all, it is difficult to separate what issues are due to the longshore part and the cross-shore part. Testing just the longshore part with cases where the longshore is the main forcing would be interesting [START_REF] Turki | An equilibrium model to predict shoreline rotation of pocket beaches[END_REF]. The beach average plan shape and beach orientation were tested alone but not the dynamical response due to the longshore only.

Although the combined model gives better predictive skills compared to that of the pure˝cross-shore model, it still underestimates a lot of the variability of the accretion and erosion events, which is also the case of the cross-shore models. We think this issue is entirely due to how Ω eq is defined. The very crude way we improved the Nha Trang model output is an indication that the weight of antecedent conditions changes in time and that φ cannot be constant. A better understanding of the beach memory and the true role of the memory decay φ should be given special importance.

As mentioned in chapter 3, 4 and 6, it is believed that the combined model outputs would benefit either measured or modeled breaking wave characteristics calculated more precisely than just with energy conservation principles. Therefore, the advanced calculation methods for breaking wave fields are necessary. The draw back will then be the increased uptake of computational resources. This could be alleviated by multi-linearly regressing offshore wave data to nearshore wave characteristics [START_REF] Callaghan | The impact of various methods of wave transfers from deep water to nearshore when determining extreme beach erosion[END_REF]. longshore currents. This technique was applied by [START_REF] Komar | Longshore sand transport on beaches[END_REF], [START_REF] Ciavola | Fluorescent sands for measurements of longshore transport rates: a case study from praia de faro in southern portugal[END_REF], [START_REF] Bertin | A new fluorescent tracers experiment improves understanding of sediment dynamics along the arcay sandspit (France)[END_REF], [START_REF] Silva | Longshore drift estimation using fluorescent tracers: new insights from an experiment at Comporta Beach, portugal[END_REF], [START_REF] Kinsman | The fluorescent tracer experiment on Holiday Beach near Mugu Canyon, Southern California[END_REF]. [START_REF] Komar | Longshore sand transport on beaches[END_REF] and [START_REF] Ciavola | Fluorescent sands for measurements of longshore transport rates: a case study from praia de faro in southern portugal[END_REF] measured the collected amount of fluorescent tracer, the depth of buried tracer and transport velocity based on movement distance and movement time of gravity center of tracer distribution to verify models for prediction of longshore transport rate of sand. [START_REF] Silva | Longshore drift estimation using fluorescent tracers: new insights from an experiment at Comporta Beach, portugal[END_REF] applied fluorescent sand tracer experiment with the same purpose but longshore prediction based on results during the second tide instead of some hours or one tidal cycle like [START_REF] Komar | Longshore sand transport on beaches[END_REF] and [START_REF] Ciavola | Fluorescent sands for measurements of longshore transport rates: a case study from praia de faro in southern portugal[END_REF] because at the second tide, the tracer reached equilibrium. [START_REF] Bertin | A new fluorescent tracers experiment improves understanding of sediment dynamics along the arcay sandspit (France)[END_REF] carried out the tracer method at different elevations along a beach profile to consider the differences of sand transport which are associated with wave, tide levels and beach morphology. [START_REF] Kinsman | The fluorescent tracer experiment on Holiday Beach near Mugu Canyon, Southern California[END_REF] gave detail techniques from creating coated fluorescent tracer to marking grid points for injection and detection of tracers. [START_REF] Komar | Longshore sand transport on beaches[END_REF], [START_REF] Ciavola | Fluorescent sands for measurements of longshore transport rates: a case study from praia de faro in southern portugal[END_REF] and [START_REF] Bertin | A new fluorescent tracers experiment improves understanding of sediment dynamics along the arcay sandspit (France)[END_REF] collected and brought samples to the laboratory to count the fluorescent sand. [START_REF] Silva | Longshore drift estimation using fluorescent tracers: new insights from an experiment at Comporta Beach, portugal[END_REF] and [START_REF] Kinsman | The fluorescent tracer experiment on Holiday Beach near Mugu Canyon, Southern California[END_REF] obtained results of fluorescent sand by surface visual counting and collected sample cores for laboratory analysis. In order to simplify sampling process and improve the method to track the transport of fluorescent sand without collecting samples, the digital image process, which provides a method to estimate the mean concentration of fluorescent sand easily both on the beach surface and underneath it, was applied in this experiment. The digital image process is also expected to reduce human error while counting numbers of fluorescent grains.

In addition, the image process was also applied to verify the grain size distribution and the mean grain size which was applied by [START_REF] Rubin | A simple autocorrelation algorithm for determining grain size from digital images of sediment[END_REF] and [START_REF] Gallagher | Grain size variability on a rip-channeled beach[END_REF]. [START_REF] Rubin | A simple autocorrelation algorithm for determining grain size from digital images of sediment[END_REF] and [START_REF] Gallagher | Grain size variability on a rip-channeled beach[END_REF] developed a mobile digital imaging system (DIS) to measure the surface grain size by calculating autocorrelation between pixels in digital images of sand.

In terms of experiment, the sand tracer techniques and digital image process were used to estimate the longshore transport in the swash zone and the grain size, respectively. These techniques were applied in Nha Trang campaign of COASTVAR project in November and December 2015. Nha Trang is a coastal city on the South Central Coast of Vietnam. Nha Trang coast is vulnerable to the typhoon which induces coastal risks, typically erosion.

COASTVAR project aims to advance understanding of nearshore hydromorphodynamic processes for 2 regions: West Africa and Vietnam. In Vietnam, Nha Trang is an experiment site from 2013; correspondingly, the data of hydromorphodynamic is expected for our study. In general, the main purposes of this experiment are to: estimate longshore transport in the swash zone, simplify sampling process by image process. 

D.2 Methods

The field experiment was carried out with wave height (0.55 m -1 m), wave period (6 s -8.5 s) and mean grain size of φ = 2 (d 50 = 0.4 mm). The tide regime is micro-tidal varying from mixed to diurnal. Tides range from 0.6 mm at low tide to 1.85 mm at high tide on 2 days of experiment, 1 and 2 December 2015 (Figure D.1). The beach is characterized by a foreshore with a gentle slope (1/10) and a single berm on the upper part of the beach, and a narrow and flat inter-tidal terrace only exposed during spring tides (NT4 Field Work Plan).

The experiment included 3 main parts which were sand mixing depth measurement, fluorescent sand tracer and calibration of grain size; they are respectively presented below.

D.2.1 Sand mixing depth

The mixing depth is considered equivalent to the thickness of the moving layer [START_REF] Ciavola | Fluorescent sands for measurements of longshore transport rates: a case study from praia de faro in southern portugal[END_REF]. The mixing depth was estimated by the maximum depth of tracer recovery [START_REF] Silva | Longshore drift estimation using fluorescent tracers: new insights from an experiment at Comporta Beach, portugal[END_REF] or was identified as the interval within beach cores where 80% of the tracer was recovered [START_REF] Ciavola | Field observations of sand-mixing depths on steep beaches[END_REF][START_REF] Kraus | Field experiments on vertical mixing of sand in the surf zone[END_REF][START_REF] Kraus | Field experiments on longshore sand transport in the surf zone[END_REF]. The mixing depth therefore helps to estimate the depth of fluorescent sand patch because actually, it is difficult to know how much fluorescent sand needs to be injected on the beach to have good feedback.

Bamboo sticks and rings were used to determine the depth of mobilization of the sand face. A ring was attached to the bamboo stick. Bamboo sticks were pushed into the sand and the rings were slipped on the bamboo sticks, so they lay on the beach face, the bamboo sticks were lined out at ring's elevation. Under effects of waves, tide and currents, the sand moves and then elevation of the beach face changes; the ring thus goes down. That gives the thickness of a moving layer. This experiment provides somewhat concurrent changes of morphology and typically which is accretion occurring during the time of field experiment. The sketch of mixing depth measurement is shown in Measuring sand mixing depth was conducted on 30 November 2015, the day before the experiment day, in the swash zone.

In addition, measuring sand mixing depth was also conducted at the same time with sand tracer experiment on 1 December 2015. The longshore distance between the patch and transect of bamboo stick was 2 m.

D.2.2 Fluorescent sand tracer

Sand tracer with fluorescent pigment requires a contrast between its color with the color of Nha Trang's sand which is white-gray. The tracer was prepared with fluorescent pink pigment powder using paint (liters)/sand (kg) ratio of 0.05 after adding 20% thinner to the paint by [START_REF] Ciavola | Fluorescent sands for measurements of longshore transport rates: a case study from praia de faro in southern portugal[END_REF]. In this experiment, fluorescent pink pigment powder produced by RADIANT COLOR NV was used to dye the natural sand of Nha Trang beach.

In our experiment, 200 kg sand, approximates 75.47 liters of grains, 150.94 liters of total volume (porosity is assumed to be equal to 0.5) was collected from Nha Trang beach at high tide location because after being painted, the fluorescent sand was also injected at the same location.

The injection time was at low tide on 1 December 2015. The average height of the lowest tide recorded was 0.61 m at 8AM and the average height of the highest tide recorded was 1.85 m at 12AM. The high wave frequency was about 8.5 s on 1 December 2015 (wind direction is NE). Size of the fluorescent patch was 4 m x 1 m x 0.04 m. Figure D.3 shows that the fluorescent sand and natural sand contrasted very well at injection location. The sand tracer was injected at the inner-tidal zone; in particular, a higher place of the swash zone that the sand was not transported in the first times (Figure D.4).

The maximum tidal range approximates to H T = 1, 2 m on a slope (swash zone) of 1/10. Assuming that tidal level difference ∆z s with respect to high tide is sinusoidal in time and writes,

∆z s = H T 2 (1 -cos ωt) ω = 2π 12 h (D.1) (D.2)
then the range of sea level covered in 1 hour at high tide is roughly 0.1 m. The range of beach covered in 1 hour at high tide is thus equal to 1 m. The final steps of the sand tracer experiment are tracking the fluorescent sand and digital image process. The sand tracer was detected at low tide on 2 December 2015.

The distance of sand transport depends on the characteristics of wave climate and the duration between the injection time and detection time. In addition, it is necessary to consider the vertical distribution of fluorescent sand tracer. A spatula was used to clip each sand layer in depth of 1 cm to detect fluorescent sand tracer directly at each cross-section of each grid node in the experiment field. Photographs of each sand layer were taken for each clipping time if having one or more fluorescent grains, then these images were processed and synthesized to consider the vertical distribution of fluorescent sand.

A distance of the fluorescent sand tracer movement is considered to know the effects of waves, tide and longshore currents on the sand of the beach. With a digital camera equipped with two UV lamps, fluorescent sand can be detected and photographed at different locations. Under the UV light, fluorescent grains are remarkable; they can therefore be detected and seen easily. The images of fluorescent sand tracer are processed to determine a concentration of fluorescent sand tracer.

In order to detect fluorescent particles, a housing of the camera has to be opaque to get dark inside, the height of the housing depends on chosen focus and magnifying filter. After many trials at laboratory LEGI to have good quality of images to process, the height of the housing is 16.5 cm and the diameter is 20 cm. The housing is equipped with two lamps in kit form (Figures D.6 and D.7). However, there are two kinds of lamps: UV and LED lamps. Two UV lamps are used to count the fluorescent particles, and two white LED lamps are used to define the grain sizes. Figure D.9 shows that the mean concentrations of fluorescent sand tracer of larger ROIs are more convergent than small ones and the mean concentration approximates to 4.8%. Size of ROIs which is from 1200 to 2300 pixels has smaller mean concentration absolute error of 0.005. Thus, when doing image processing for images from field experiment, size of ROIs which is 1800 pixels was taken randomly at different places in the entire image to calculate the mean concentration for the image. However, the relative error is quite large, which approximates 10%, because the fluorescent grain in the image is unequally distributed. 

D.2.3 Calibration of grain sizes

Techniques of sample collecting to define the grain size take a long time. A direct measurement in-situ is preferred over sample collecting. A deployment of [START_REF] Gallagher | Grain size variability on a rip-channeled beach[END_REF] is reproduced, a housing was created for a digital camera with high resolution and LED beam. This housing was used to take photographs of the sand with the same distance.

The camera used by [START_REF] Gallagher | Grain size variability on a rip-channeled beach[END_REF] has 6 million pixels, lens of 60 mm macro, magnifying filter to photograph the center of the patch in close-up, size of photograph surface is 3 cm x 2 cm. In this study, the NIKON 200 was also used for this experiment part, its characteristics are mentioned above.

A method to calibrate the grain sizes is applying correlation curves for different grain sizes from the photographs of them. It is necessary to have correlation curves for every grain size from small one to large one; since then, the grain size distribution and the medium grain size of the sampling are determined from these correlation curves.

The correlation between two regions in the image is the correlation intensity of each pixel in the first region with intensity of the pixel in corresponding location in the second region. The correlation is calculated at different pixel offset between the first region and the other region having after moving each pixel offset. The correlation coefficient thus varies with the pixel offset and intensity of region.

The correlation coefficient, C, if moving a sub-image along x-axis with increasing pixel offset k following [START_REF] Rubin | A simple autocorrelation algorithm for determining grain size from digital images of sediment[END_REF] is defined by:

C(k) = i,j I i,j -I I i+k,j -I i,j I i,j -I 2 i,j I i+k,j -I 2 (D.3)
For each image, the sub-image is chosen to calculate the horizontal autocorrelation and the vertical autocorrelation [START_REF] Gallagher | Grain size variability on a rip-channeled beach[END_REF]. Accordingly, for one sub-image, eight correlation curves corresponding to the pixel offset moving along x-axis and y-axis in 4 quadrants of Cartesian coordinate system are calculated and then averaged. This calculation is iterated for taking 10 random ROIs at different locations of each sample image to verify the convergence of correlation curves of these ROIs (Figure D.25). In particular, taking random ROIs is more necessary for 4 samples because different grain sizes of natural samples are unequally distributed; ROIs at different locations in the image are therefore taken randomly to consider the range between their correlation curves (Figure D.26). After considering the convergence of correlation curves of 10 random ROIs for each image, the mean correlation curve for each image is calculated for next calculation steps.

The method to calculate the grain size distribution is non-negative least squares fit of correlation curve of natural samples with correlation curves of different grain sizes following [START_REF] Rubin | A simple autocorrelation algorithm for determining grain size from digital images of sediment[END_REF] to find the percentage of each grain-size fractions in the natural sample; since then, the medium grain size is defined from this grain size distribution curve:

a 1,1 x 1 + a 1,2 x 2 + • • • + a 1,6 x 6 = b 1 a 2,1 x 1 + a 2,2 x 2 + • • • + a 2,6 x 6 = b 2 . . . a 30,1 x 1 + a 30,2 x 2 + • • • + a 30,6 x 6 = b 30 (D.4)
The correlation coefficient is defined corresponding with maximum pixel offset of 100. However, with larger pixel offset, the curves tend to intersect that leads the irrationality in grain size determination by correlation curves. Correlation curve for the image of uniform circles was thus verified (Figure D.10). The diameter of the circle is 100 pixels. Correlation curve was plotted corresponding from 0 to 100 pixel offset which is equal to size of the circle (Figure D.11). Figure D.11 indicates that the correlation decreases to 0 and the correlation curve is symmetric at a pixel offset of 50 which is a half of the circle diameter. As a consequence, the correlation for each grain size below is considered at pixel offset which is from 0 to 30 pixel offsets. Pixel offset of 30 which is close to a half of the maximum grain diameter of samples (0.63 mm approximately corresponds with 63 pixels) is enough to define grain size by correlation curves.

In addition, in order to mimic the color of the natural sand after being transferred into grayscale to define correlation curve, the circles in Image process is used to define grain size in order to simplify sampling process; however, for the first time to apply this method, it is better to verify image process in the field experiment with sampling process in the laboratory. In this study, two methods were thus applied to determine the grain size distribution and the medium grain size. The first method is the traditional method by sieving, scaling and calculating the percentage for every grain size. The second one is image processing by method of [START_REF] Rubin | A simple autocorrelation algorithm for determining grain size from digital images of sediment[END_REF]. In these methods, sieving is one of the important steps.

D.3 Results

D.3.1 Sand mixing depth

The measured mixing depths on 30 November 2015 ranged from 1.4 cm to 5.2 cm after 3 hours. As a consequence, the patch was injected at a depth of 4 cm that expected as moving layer of fluorescent sand.

The depth that the ring moved, Z 1 , and the beach surface elevation change which is accretion depth in this experiment, Z 2 , on 1 December 2015, both of them are indicated in Table D.1.

D.3.2 Fluorescent sand tracer

Tracking the patch of fluorescent sand by eyes showed that at 4:25PM, waves reached the lower part of the patch and fluorescent sand on the surface moved in cross-shore and then longshore direction. At 4:50PM, fluorescent sand was transported around 4 m from the starting point. At 8:45PM, waves reached half of the patch. At 10:45PM, waves reached all of the patch. It is necessary to determine how long the patch moves from the location of tracer injection. The distance of tracer's movement may be detected firstly by eyes. The fluorescent sand was detected at grid points in Figure D.5. The sampling grid range was 1 m; it means every 1 m, the beach surface at each node was photographed to find fluorescent grains. Figure D.15 shows that the maximum length of the grid along the coastline that the fluorescent sand was present is 6 m; in particular, the fluorescent was not found outside the injection location along cross-shore transects.

Based on this image process, the mean concentration of fluorescent sand tracer can be determined. Taking photographs for different locations was conducted and image process was redone to know the concentration at different locations. The concentrations of different locations represent a dispersion of the patch. Besides, fluorescent sand detection was conducted not only on the beach surface but also underneath by clipping in depth of 1 or 2 cm for each time to find fluorescent sand. From that, the vertical distribution of fluorescent sand at each grid point was determined. The fluorescent sand can thus be detected along longshore, cross-shore and vertical direction. Because of the strong accretion, the fluorescent sand was not transported so much, the maximum length of transport was only 6 m with small mean concentration. That means the fluorescent sand was transported at the beginning when the tide level increased gradually and reached the patch. Then it was buried.

Because most fluorescent sand was buried, fluorescent sand detection underneath the beach surface helps to know not only the vertical distribution but also the depth which the fluorescent patch was buried at. Figures D.16 and D.17 show the vertical distribution along transect 0 and transect 1, they also show the buried depth of the patch along cross-shore transects. Depth of 0 in figures of vertical distribution represents the elevation of the new beach surface when conducting measurement. The patch was found at a depth of 2 cm at the upper part and of 20 cm at the lower part. The buried depth increased towards the lower part (seaward) that shows the dynamic effects was stronger at the lower part. The cross-shore variation of beach morphology is predominant with strong accretion. Vertical distributions at other grid points have very small mean concentration which is under 5%, that means only 1, 2 or 3 grains were found at these points. The average depth that fluorescent grains found outside the injection location was about 2 cm; so, the moving layer is small. Besides, the vertical distribution was also defined by transparent core at some grid points in Figure D.22. This core was pushed down the beach at some locations which were near the patch. With this core, the thickness of the patch after one tidal cycle and the depth which the fluorescent patch was buried at was specified (Figure D.22). Figure D.22 also shows the upper part of the patch was buried less than the lower part of the patch. Core 1 and core 2 show that the patch was buried at depth of 19 cm and 2 cm, respectively. These results are nearly similar to the results from mixing depth measurement represented above with buried depths of 16.5 cm at stick 3. Core 3 and core 7 had some grains from 0 to depth of -4 cm. Core 10 had some grains from 0 to depth of -6 cm. Core 11 had many grains from 0 to depth of -4 cm, some grains from depth of -4 cm to depth of -10 cm.

D.3.3 Calibration of grain sizes

The samples were taken from 4 locations to consider grain size difference between them (Figure D.23). The high tide level reached and surpassed the upper part of the fluorescent patch; thus the first sample (sample 1) was taken from the location which is near the upper part of the patch. Sample 2 was taken from location which is near the lower part of the patch. Sample 3 was taken at 4 m distance from sample 2. Sample 4 was taken at 2 m distance from sample 3. At corresponding locations that samples were taken, taking pictures of grains was conducted. These pictures were processed like [START_REF] Rubin | A simple autocorrelation algorithm for determining grain size from digital images of sediment[END_REF] and [START_REF] Gallagher | Grain size variability on a rip-channeled beach[END_REF] and then compared with sampling process. The different grain sizes after being sieved with different meshes were photographed and then determined correlation curves for each. With the standard sieve test, there were 10 different sizes of sieve which are 0.075, 0.09, 0.014, 0.25, 0.315, 0.5, 0.63, 1, 1.5, 2 mm. With image processing, these sieve sizes were also used to separate different grain size to take pictures; however, because the quantity of grain after being sieved with sieve meshes of 0.075, 1, 1.5, 2 mm is not enough to take a full picture with fixed image size, the autocorrelation curves were only defined and plotted for sizes of 0.09, 0.014, 0.25, 0.315, 0.5, 0.63 mm (Figure D.27).

Figure D.27 shows the correlation curves for different grain sizes of sand on Nha Trang beach. From these correlation curves, medium grain size and the grain size distribution of natural samples can be estimated quantitatively [START_REF] Gallagher | Grain size variability on a rip-channeled beach[END_REF][START_REF] Rubin | A simple autocorrelation algorithm for determining grain size from digital images of sediment[END_REF].

The results of grain size distribution analysis taken from tradition sieve tests for 4 samples are expressed in Figure D.29. From the cumulative frequency distribution curves, medium grain size that is the size corresponding 50% cumulative frequency on the curve (d 50 ) is defined. The medium grain size and the mean grain size for each sample are presented in Table D.2. In consequences, if excluding sample 1, it is realized that the grain sizes decrease from the coast towards the sea.

From the grain size distribution defined by correlation curves (Figure D.30), the medium grain size determined by correlation curves for each sample is 0.29 mm, 0.56 mm, 0.27 mm and 0.28 mm, respectively. The results from two methods are different (Table D.2). With sample 2, the grain sizes determined by correlation curves are greater than by standard sieve test. With sample 1, sample 3 and sample 4, the grain sizes determined by correlation curves are smaller than by standard sieve test, the difference approximates 0.11 mm. The mixing depth on the experiment date was smaller than the depth of the fluorescent patch which is derived from overestimation of the depth of the fluorescent patch on the day before.

In particular, the accretion depth was predominant with very large value about 17 cm from the lower part of the patch to seawards. The sand mixing depth and the change of beach elevation were defined effectively by very simple and primitive devices with bamboo sticks and rings. It provided relatively accurate results of mixing depth and accretion depth of the experiment.

D.4.2 Fluorescent sand tracer

The fluorescent sand was not transported by longshore drift along the coastline so far, it shows that dynamic activities at the coast along cross-shore profiles were very strong; in particular, the accretion, almost fluorescent sand was buried because of the accretion. That also restricted the longshore drift of fluorescent sand tracer. This experiment was carried out under typhoon conditions in the East Sea. It is somewhat unavoidable that the fluorescent sand tracer experiment is strongly influenced by typhoon dynamics. As a whole, the image process is satisfying to estimate the mean concentration of fluorescent sand instead of visual inspection of [START_REF] Silva | Longshore drift estimation using fluorescent tracers: new insights from an experiment at Comporta Beach, portugal[END_REF] and [START_REF] Kinsman | The fluorescent tracer experiment on Holiday Beach near Mugu Canyon, Southern California[END_REF]. However, disadvantages of fluorescent sand tracer is that all steps of this experiment depends closely on the weather. The preparation of fluorescent sand demands good weather to dry the sand. Besides, it is difficult to know what and when the wave condition is suitable to have longshore drift as expected to carry out the fluorescent sand tracer experiment. In addition, this experiment cannot be carried out separately, it needs data of wave condition, topography, etc from other concurrent experiments which demands many techniques, many devices and many people.

Measurement of vertical distribution of fluorescent sand does not give so much valuable results because the transport of fluorescent sand is not significant, what more to expect the transport of the underneath fluorescent sand, meanwhile almost the patch is buried because of the accretion. Nevertheless, measurement of vertical distribution of fluorescent sand also gives the accretion depth of the patch to verify with fluorescent sand detection by the core. The disadvantage of vertical distribution measurement is that doing measurement by hand can provide human error which may occur at the node 1-4. Figure D.17 shows that the patch was at a depth of -19 cm, this value is too high when comparing with the depth of the patch only of -12 cm at the node 0-4 which is in the same longshore section with the node 1-4.

D.4.3 Calibration of grain sizes

Calculation and verify correlation curve is done carefully by applying for uniform circles; in which, correlation is zero at pixel offsets being equal to the radius of the circle. Besides, when applying for each image taken in si-tu, correlation curves are defined for many ROIs of the image and then checked their convergence and then averaged their values.

The grain size determined method of [START_REF] Rubin | A simple autocorrelation algorithm for determining grain size from digital images of sediment[END_REF] and [START_REF] Gallagher | Grain size variability on a rip-channeled beach[END_REF] is different from the grain size determined by traditional sieve test, maybe, because of taking photographs was conducted only for grains on the beach surface, while grains exposing on it is fluently effected by waves. Movement and distribution of grain layer on the beach surface is thus much more varied than lower grain layer and the finer sand is transported more easily by waves and deposit when waves run-down, while sampling was done by collecting sand not only on the beach surface but also under the beach surface. Under the beach surface layer, the coarser sand can deposit before the finer sand deposit. In contrast, with sample 1 and sample 2, grain size determined by correlation curves is larger than by standard sieve test. As a consequence, image process for pictures of sand on the beach surface may not lead to the desired results in terms of grain size determination. If necessary, the wave dynamic and sediment transport should be considered; however, this study provides only the verification of results between Gallagher's method and standard sieve test. Field experiment is more effected by natural condition than laboratory experiments; thus, taking photographs only on the beach surface where is very sensitive to wave dynamic effects is difficult to have comprehensive reflection of results from laboratory experiments. However, in order to improve field data in this experiment, the more pictures, the better verification. The pictures should be taken at many times, in many places which are deeper from the beach surface.

Grain size distribution by method of [START_REF] Rubin | A simple autocorrelation algorithm for determining grain size from digital images of sediment[END_REF] needs as many correlation curves of different grain sizes as possible; as such, the distribution curve is more detailed like grain size distribution by standard sieve test and the mean grain size is defined more accurately.

On the whole, this method is expected to avoid sample collecting but it is impossible because autocorrelation value depends on the contrast of grayscale between sand grains; meanwhile, grayscale levels vary with real colors of natural sand which are also different at different beach. The autocorrelation curves of grain size fractions of sand at some beaches can not be applied for calibrating grain size of sand at the other beaches. Sample collecting for a certain amount of sand is thus necessary, it has to be sufficient for each grain size fraction to be taken picture and defined correlation curve.
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 1 Fig. 1 Distribution of coastal evolution in France (Suanez et al., 2012) from Ifen data.
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 2 Fig. 2 Left: coastal erosion damage in Sydney's Collaroy/Narrabeen Beach, Australia in June 2016. Right: aerial drone survey before and after extreme storm (Source: UNSW Water Research Laboratory).
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 3 Fig. 3 Coastal erosion damage in Cua Dai Beach, Vietnam.
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  Fig. 1.1 Wave characteristics.

  19) means that there should be a linear relation between H b and T 2/5 H 4/5

  Fig. 1.3 The three breaker types.
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 1 Fig. 1.4 Wave-dominated beaches (Photo: A D Short). (a): reflective beach. (b): low tide terrace beach. (c): transverse bar and rip beach. (d): rhythmic bar and beach. (e): longshore bar-trough beach. (f): dissipative beach.

  Fig. 1.5 Sketch of coastal zone and cross-shore beach profile.

  Fig. 1.9 Sketch of a cross-shore beach profile. S(t) is the cross-shore position of the shoreline.
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 1 Fig. 1.10 Sketch of shoreline change due to longshore transport.
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 1 Fig. 1.11 Longshore transport impacts on discretized shoreline cells in the model of Ashton et al. (2001).

For

  the shoreline dominated by both cross-shore and longshore transport, a model taking into account both transport processes is expected to improve a skillful hindcast. Vitousek et al. (2017) suggested an integrated model of shoreline variation due to cross-shore, longshore transport and sea level rise. Robinet et al. (2017) and Robinet (2017) suggested the shoreline model combining cross-shore process of Splinter et al. (2014) and hybrid one-line approach which is inspired by the model of Ashton et al. (2001).
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 1 Fig. 1.13 Sketch of shoreline model setup of Vitousek et al. (2017).
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 21 Fig. 2.1 Sketch of sediment fluxes, Q x and Q y represent longshore and cross-shore fluxes, respectively. Control volume (dashed line).
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  Fig. 3.1 (a): location of Truc Vert beach. (b): bathymetry survey in April 2008 (Castelle et al., 2014). The 0 m bathymetric line (thick black line) corresponds with Mean Sea Level (MSL). The alongshore distance of the topographic surveys from 2004 to 2008, from 2008 to 2012 and from 2012 to 2013.

g

  Fig. 3.2 (a,b,c): typical beach surveys and elevations. (d,e,f): alongshore-averaged cross-shore profile and standard deviation (horizontal error bar). (a,d): low tide terrace morphology, (b,e): bar and rip morphology, (c,f): longshore bar trough morphology. (g): mean beach profile surveys during the period 2005 -2013 with marks of the Highest Astronomical Tide (HAT) level, Mean Sea Level (MSL) and Lowest Astronomical Tide (LAT) level[START_REF] Castelle | Equilibrium shoreline modelling of a high-energy meso-macrotidal multiplebarred beach[END_REF].

  Fig. 3.5 Probability density distributions of wave parameters computed from wave records between 2000 and 2017 at the 54 m water-depth and probability density distribution of the rate of change of the measured shoreline (S m ) dS m /dt. The vertical lines indicate the mean value for each parameter. For Ω, the dashed line points at the modal value.

  Fig. 3.6 The RMSE of the shoreline position versus the memory decay φ. D = φ/4 (grey solid line); D = φ/2 (red dashed line); D = φ (blue solid line); D = 1.5φ (green solid line) and D = 2φ (magenta two-dashed line) of the five periods.

Fig. 3

 3 Fig. 3.7 ShoreFor model calibrated with the linearly regressed significant wave height of Candhis buoy (h = 54 m) during the period 2005-2013. (a): time series of Ω (green solid line), Ω eq (red solid line), upper envelope (blue solid line) and lower envelope (brown solid line). (b): wave power. (c): accretion forcing term. (d): erosion forcing term. (e): time series of measured shoreline position (red points), cross-shore standard deviation of measured shoreline position (error bars), ShoreFor reconstructed shoreline position (black solid line). c = 0.0055 m 3/2 d -1 W -1/2 , d = 0.0001 m/day, r = 0.3016, φ = 300 days and RMSE = 8.36 m. The vertical lines indicate the erosion events.

  Fig. 3.8 ShoreFor model calibrated with the significant wave height at breaking point during the period 2005-2013. (a): time series of Ω (green solid line), Ω eq (red solid line), upper envelope (blue solid line) and lower envelope (brown solid line). (b): wave power. (c): accretion forcing term. (d): erosion forcing term. (e): time series of measured shoreline position (red points), ShoreFor model shoreline position (black solid line). c = 0.0053 m 3/2 d -1 W -1/2 , d = -0.0034 m/day, r = 0.2569, φ = 950 days and RMSE = 8.11 m.

  Fig. 3.9 ShoreFor model calibrated with the erosion ratio r computed on the entire forcing time series 2000-2017 (r = 0.2682). (a): time series of Ω (green solid line) during the period 2005-2013, Ω eq (red solid line), upper envelope (blue solid line) and lower envelope (brown solid line). (b): time series of measured shoreline position (red points), ShoreFor model shoreline position (black solid line). c = 0.0062 m 3/2 d -1 W -1/2 , d = -0.0287 m/day, r = 0.2682, φ = 170 days and RMSE = 9.51 m.

Fig. 3 .

 3 Fig. 3.10 Probability density distributions of wave parameters computed from wave records and the measured shoreline position rate of change dS m /dt in different periods: P1 (orange solid line), P2 (yellow dashed line), P3 (green dashed line), original period 2005-2013 (blue dashed line) and entire period 2005-2017 (purple points).

Fig. 3 .

 3 Fig. 3.11 ShoreFor model for different periods. (a): time series of Ω (green solid line), Ω eq (red solid line), upper envelope (blue solid line) and lower envelope (brown solid line). (b): time series of measured shoreline position (red points), ShoreFor model shoreline position (black solid line). P1: c = 0.0055 m 3/2 d -1 W -1/2 , d = -0.0180 m/day, r = 0.2574, φ = 500 days and RMSE = 6.47 m. P2: c = 0.0050 m 3/2 d -1 W -1/2 , d = 0.0259 m/day, r = 0.3295, φ = 300 days and RMSE = 8.11 m. P3: c = 0.0038 m 3/2 d -1 W -1/2 , d = 0.0122 m/day, r = 0.3055, φ = 1600 days and RMSE = 6.41 m.

Fig. 3 .Fig. 3 .Fig. 3 .Fig. 3 .Fig. 3 .

 33333 Fig. 3.12 ShoreFor model calibrated with the entire measured shoreline data during the period 2005-2017. (a): time series of Ω (green solid line), Ω eq (red solid line), upper envelope (blue solid line) and lower envelope (brown solid line). (b): time series of measured shoreline position (red points), ShoreFor model shoreline position (black solid line). c = 0.0043 m 3/2 d -1 W -1/2 , d = 0.0016 m/day, r = 0.3, φ = 800 days and RMSE = 8.03 m. (a)

Fig

  Fig. 3.17 Morphological hysteresis between beach changes and wave climates. Left: period extracted from P2 calibration (Figure3.11 (b)) with φ = 300 days. Right: period extracted from P3 calibration (Figure3.11 (c)) with φ = 1600 days.

Fig. 3 .

 3 Fig. 3.18 Predictive skill of the model. Result in calibration period 2005-2017 (blue solid line). Result in calibration period 2005 -2013 (green dashed line). Prediction period 2013 -2017 from parameters achieved in calibration period 2005 -2013 (blue dashed line).

  Section 4.3 focuses on the ShoreFor cross-shore model testing. Section 4.4 discusses the combined model and its comparison with the ShoreFor model. Sections 4.5 and 4.6 are about the discussion and conclusions.

Fig. 4

 4 Fig. 4.1 Location of Narrabeen beach[START_REF] Turner | A multi-decade dataset of monthly beach profile surveys and inshore wave forcing at narrabeen, australia[END_REF].

Fig. 4

 4 Fig. 4.2 Wave roses in deep water and at 10 m depth for the five transects. Normal to the shoreline (black solid line). The % indicates the percentage of occurrence. (Turner et al., 2016).

Figure 4 .

 4 Figure4.2 displays the wave rose in deep water and those at the 10 m water-depth location and beach orientations at the five profile transects. The offshore wave rose shows that the high wave energy with the long period from a SSE direction prevails in this area[START_REF] Turner | A multi-decade dataset of monthly beach profile surveys and inshore wave forcing at narrabeen, australia[END_REF]. The Narrabeen embayed beach is restricted by a northern and a southern headland. Waves at PF6 and PF8 thus undergo more refraction and diffraction processes. They propagate toward the west which is shown in the wave roses at the 10 m depth location (Figure4.2).In the north of the beach, dissipative-intermediate beach conditions typically dominated, meanwhile intermediate-reflective ones prevails in the south[START_REF] Turner | A multi-decade dataset of monthly beach profile surveys and inshore wave forcing at narrabeen, australia[END_REF]. Narrabeen beach state is classified as rhythmic bar-beach (RBB) to tranverse bar-rip (TBR) at the northern end and lower-energy low-tide terrace (LTT) and reflective at the southern end[START_REF] Turner | A multi-decade dataset of monthly beach profile surveys and inshore wave forcing at narrabeen, australia[END_REF].

  Fig. 4.3 Time series of measured shoreline position (red points) at each transect. Shoreline proxy at elevation z = 0.7 m.

  Fig. 4.4 PF1: time series of significant wave height H s (red line), peak wave period T p (green line), Dean number Ω (light blue line) and wave power P (purple line). The horizontal lines indicates the mean value. H s = 1.15 m, T p = 9.67 s, Ω = 2.56 , P = 15.51 kW/m.

  Figure 4.11 shows that the ShoreFor modeled shoreline position at PF4 with both wave forcing leads to the same results. Model results of the remaining transects are shown in Appendix B. Table4.2 shows a very little difference in RMSE and NMSE of the ShoreFor model calibrated with wave forcing at breaking point and at the 10 m depth location. The calibration parameters in both wave forcing cases are very close(Tables 4.3 and 4.4). It appears that the model is not too sensitive event 1(d) 

Fig. 4 .

 4 Fig. 4.11 PF4 modeled shoreline position: comparison between ShoreFor model calibrated with wave forcing at breaking point and at h = 10 m. (a): time series of significant wave height at breaking point (solid blue line) and average value H b = 1.41 m (red dashed line). (b): time series of significant wave height at h = 10 m (light orange line) and average value H 10 = 1.06 m (red dashed line). (c): time series of measured shoreline position (circles) and time series of ShoreFor model shoreline position at breaking point (blue line) and at h = 10 m (light orange line). (d): time series of modeled shoreline position of Splinter et al. (2014) (thick grey line).

  Fig. 4.13 PF1 modeled shoreline position: comparison between ShoreFor model and the combined model calibrated with wave forcing at h = 10 m. (a): instantaneous Dean number (green solid line), equilibrium Dean number (red solid line), upper envelope of Dean number (blue solid line), lower envelope of Dean number (brown solid line). (b): time series of measured shoreline positions (circles). Combined model (black solid line), ShoreFor model (grey solid line). (c): cross-shore contribution (purple solid line), longshore contribution (green solid line). Calibration parameters from the combined model: a = -0.0279 , b = 0.2591 , c = 0.0084 m 3/2 d -1 W -1/2 , r = 0.5508, φ = 10 days (Table 4.7).

Fig. 4 .

 4 Fig. 4.15 PF4 modeled shoreline position: comparison between ShoreFor model and the combined model calibrated with wave forcing at h = 10 m. (a): instantaneous Dean number (green solid line), equilibrium Dean number (red solid line), upper envelope of Dean number (blue solid line), lower envelope of Dean number (brown solid line). (b): time series of measured shoreline positions (circles). Combined model (black solid line), ShoreFor model (grey solid line). (c): cross-shore contribution (purple solid line), longshore contribution (green solid line). Calibration parameters from the combined model: a = -0.0016 , b = 0.1079 , c = 0.0083 m 3/2 d -1 W -1/2 , r = 0.4222, φ = 121 days (Table 4.7).

Fig. 4 .

 4 Fig. 4.18 The RMSEs of the ShoreFor model (grey line) and the combined model (black line) at PF6 over changing values of the memory decay φ (D = 2φ).

Fig. 4 .

 4 Fig. 4.20 Comparison between non-shifted and shifted shoreline position at PF8. Non-shifted shoreline position (black line). Shifted shoreline position (blue two-dashed line) (wave forcing at 10 m depth). Value of the shift is 7.8 m.

Fig. 4 .Fig. 4 .

 44 Fig. 4.21 PF1 modeled shoreline position from 2000 to 2014: comparison between ShoreFor model and the combined model calibrated with wave forcing at h = 10 m. (a): instantaneous Dean number (green solid line), equilibrium Dean number (red solid line), upper envelope of Dean number (blue solid line), lower envelope of Dean number (brown solid line). (b): time series of measured shoreline positions (circles). Combined model (black solid line), ShoreFor model (grey solid line). (c): cross-shore contribution (purple two-dashed line), longshore contribution (green solid line). Calibration parameters from the combined model: a = -0.0061 , b = 0.0593 , c = 0.0045 m 3/2 d -1 W -1/2 , r = 0.4395, φ = 1000 days (Table4.11).

  Different values of D, D = φ/2, D = φ, D = 2φ, D = 3φ and D = 4φ, are used for a sensitivity analysis. Figure 4.28 shows the RMSE of the shoreline position for the calibration period 2005 -2013 versus the memory decay φ.

Figure 4 .

 4 29 shows the same during the calibration period 2000 -2014. As mentioned in chapter 3, the curves tend to converge for the horizon D larger than 2φ. However, values of φ corresponding with the smallest RMSEs at the five transects are very different. Furthermore, φ for the longer period 2000 -2014 is much larger than that of the calibration period 2005 -2013. Once again the question then arises as to whether φ is a beach memory morphological parameter or just an extra calibration parameter?

Fig. 4 .

 4 Fig. 4.28 RMSE of the shoreline position of the five profile transects during the period 2005 -2012 versus the memory decay φ. D = φ/2 (grey solid line), D = φ (red dashed line), D = 2φ (blue solid line), D = 3φ (green solid line) and D = 4φ (magenta two-dashed line).

Fig. 4 .Fig. 4 .

 44 Fig. 4.29 RMSE of the shoreline position of the five profile transects during the period 2000 -2014 versus the memory decay φ. D = φ/2 (grey solid line), D = φ (red dashed line), D = 2φ (blue solid line), D = 3φ (green solid line) and D = 4φ (magenta two-dashed line).
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  Fig. 5.1 Sketch of 1D and 2D spectra (Source: ECMWF).

  of energy in the ydirection = -∂c g,y E(f, θ) ∂y ∆x∆y∆t locally generated of energy = S(f, θ)∆x∆y∆t

  Fig. 5.3 (a): location of Nha Trang beach on Vietnam map. (b): Nha Trang bay with Cai river estuary (1) in the north and a group of islands in the south, e.g., Hon Tre (2), Hon Tam (3) and Hon Mieu (4). (c): five profile transects.

Fig. 5

 5 Fig. 5.4 Typical wave directions approach Nha Trang beach in summer (left panel) and in winter (right panel). Source: Google Earth.

  Fig. 5.5 Bathymetry data input includes GEBCO data grid points and COASTVAR measured topography data points.

MSL

  

Fig. 5

 5 Fig. 5.6 The 5 beach profiles: PF1 (red line), PF2 (green line), PF3 (blue line), PF4 (magenta line), PF5 (orange line).

  Fig. 5.7 Nested computational grids with 5 sizes of 600 m, 400 m, 200 m, 100 m and 20 m.

Fig. 5

 5 Fig. 5.8 Domain of interest. Wave and wind grid data points of ECMWF. Spatial grid with ∆X = ∆Y = 28 km. Point 2 is facing Nha Trang beach.

  Fig. 5.9 Directional plot of the significant wave height and the peak wave period at point 10 of ECMWF.

Fig. 5 .Fig. 5 .Fig. 5 .

 555 Fig. 5.10 ECMWF significant wave height, peak wave period and wave direction at boundary points 5 (orange solid line), 9 (yellow dashed line), 10 (green dashed line), 11 (darkgreen dashed line), 12 (green points), 8 (purple two-dashed line) and 4 (pink dashed line) in May 2013.

Fig. 5 .

 5 Fig. 5.13 ECMWF wind velocities, magnitude of them and wind direction at points 5 (orange solid line), 6 (green dashed line) and 7 (blue two-dashed line) in May 2013. U 10 and V 10 are wind speeds at 10 m height of X-and Y-component, W 1 0 is the magnitude of U 10 and V 10 .

Fig. 5 .

 5 Fig. 5.14 ECMWF wind velocities, magnitude of them and wind direction at points 5 (orange solid line), 6 (green dashed line) and 7 (blue two-dashed line) in December 2013. U 10 and V 10 are wind speeds at 10 m height of X-and Y-component, W 1 0 is the magnitude of U 10 and V 10 .

Fig. 5 .

 5 Fig. 5.15 Comparison between SWAN (blue dashed line) and ECMWF (red line) time series of significant wave height and wave direction at point 6.

Fig. 5 .

 5 Fig. 5.18 Comparison of SWAN (blue dashed line) and ECMWF (red line) time series of significant wave height and wave direction at point 3.

Fig. 5 .

 5 Fig. 5.19 ECMWF time series of significant wave height at points 1 (orange solid line), (yellow dashed line), 3 (green dashed line), 4 (blue dashed line), 6 (purple dashed line) and (pink dashed line).

Fig. 5 .

 5 Fig. 5.20 Buoy locations of COASTVAR-NT4 in May and December 2013.

Fig. 5 .Fig. 5 .Fig. 5 .

 555 Fig. 5.22 Time series of significant wave height and wave direction computed by SWAN (blue solid line) in comparison with buoy data (pink dashed line) at points C and D in December 2013.

Fig. 5 .

 5 Fig. 5.25 Top: increased X-component wind velocity U (purple dashed line). Bottom: increased Y-component wind velocity V (purple dashed line). ECMWF wind data (orange solid line), low-pass filter (green dashed line), high-pass filter (blue dashed line).

Fig. 5 .Fig. 5 .Fig. 5 .

 555 Fig. 5.27 Wave spectra computed by SWAN with the increased wind data at point A in May 2013.

Fig. 5 .Fig. 5 .Fig. 5 .

 555 Fig. 5.30 Time series of significant wave height and wave direction computed by SWAN in comparison with buoy data (pink dashed line) at points A and B in May 2013 with the sensitivity to the physics processes: activating white-capping and bottom fiction (green solid line), de-activating white-capping (orange dotted line) and de-activating bottom fiction (purple dashed line).

  Fig. 6.1 SWAN time series significant wave height and wave direction at the 10 m bathymetric line of the five transects.

  Fig. 6.2 Breaker lines along the shoreline near PF1 (left) and PF3 (right). A colorbar indicates the breaking index. x grid is an index of X, while y grid is an index of Y . Pixel˝is a grid cell of 20 m x 20 m.

  Fig. 6.3 (a): comparison of the significant wave heights at 10 m depth (orange solid line), at breaking point (green dashed line) from SWAN and based on the energy conservation law (blue dashed line). (b): comparison of the wave direction at 10 m depth (orange solid line), at breaking point (green dashed line) from SWAN and based on the Snell's law (blue dashed line).

  Fig. 6.4 (a): NhaTrang beach with the localization of video camera tower. (b): video camera system. (c) snapshot of the camera SNT. (d) snapshot of the camera NNT. Source: Field work plan of COASTVAR-NT4.

DS2

  

Fig. 6 .

 6 Fig. 6.5 Left: Locations of DS 1[START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF] and DS 2[START_REF] Thuan | Typhoon impact and recovery from continuous video monitoring: a case study from Nha Trang Beach, Vietnam[END_REF]. Right: shoreline detection from DS 2 . The red dotted line indicates the upper bound of the average region.

  Fig. 6.9 ShoreFor model calibrated with ECMWF wave fields at point 2 and DS 1 during the period 2013-2014. (a): time series of Ω (green solid line), Ω eq (red solid line), upper envelope (blue solid line) and lower envelope (brown solid line). (b): time series of measured shoreline position (red points) and modeled shoreline position (black solid line). c = 0.0072 m 3/2 d -1 W -1/2 , d = 0.0015m/day, r = 0.4589, φ = 47 days and RMSE = 1.18 m.

Fig. 6 .

 6 Fig. 6.10 ShoreFor model calibrated with ECMWF wave fields at point 2 and DS 2 during the period 2013-2015. (a): time series of Ω (green solid line), Ω eq (red solid line), upper envelope (blue solid line) and lower envelope (brown solid line). (b): time series of measured shoreline position (red points) and modeled shoreline position (black solid line). c = 0.0060 m 3/2 d -1 W -1/2 , d = 0.0002 m/day, r = 0.3156, φ = 70 days and RMSE = 3.88 m.

  144Combined longshore & cross-shore modeling for embayed beach shoreline of Nha Trang and July 2014. It is also indicates that the shoreline at DS 2 location changes much more than that at DS 1 location. Comparison between DS 1 of Almar et al. (2017) with DS 2 of Thuan et al. (2016) during August 2013 to July 2014.

Fig. 6 .

 6 Fig. 6.12 Narrow beach (a) in January and wide beach (b) in July 2015 at DS 2 location.

  Fig. 6.13 Probability density distributions different wave parameters from SWAN outputs during the calibration period 2013-2014 (solid line) and during the period 2013-2016 (twodashed line). The vertical lines indicate the mean value for each parameter.

Fig. 6 .

 6 Fig. 6.14 ShoreFor model calibrated with SWAN wave fields at 10 m depth and DS 1 during the period 2013-2014.(a): time series of Ω (green solid line), Ω eq (red solid line), upper envelope (blue solid line) and lower envelope (brown solid line). (b): time series of measured shoreline position (red points) and modeled shoreline position (black solid line). c = 0.0094 m 3/2 d -1 W -1/2 , d = 0.0048m/day, r = 0.3013, φ = 70 days and RMSE = 1.18 m.

Fig. 6 .

 6 Fig. 6.15 ShoreFor model calibrated with SWAN wave fields at 10 m depth and DS 2 during the period 2013-2015.(a): time series of Ω (green solid line), Ω eq (red solid line), upper envelope (blue solid line) and lower envelope (brown solid line). (b): time series of measured shoreline position (red points) and modeled shoreline position (black solid line). c = 0.0110 m 3/2 d -1 W -1/2 , d = 0.0003m/day, r = 0.2358, φ = 70 days and RMSE = 3.28 m.

Fig. 6 .Fig. 6 .Fig. 6 .

 666 Fig. 6.16 Combined model calibrated with SWAN wave fields at breaking point for longshore components and at 10 m depth for cross-shore components and DS 1 during the period 2013-2014.(a): time series of Ω (green solid line), Ω eq (red solid line), upper envelope (blue solid line) and lower envelope (brown solid line), vertical lines indicate the time of Nari and Haiyan typhoons. (b): time series of measured shoreline position (red points) and modeled shoreline position (black solid line). (c): cross-shore contribution (purple solid line), longshore contribution (green solid line). Calibration parameters from the combined model: a = 0.0251, b = 4.9432, c = 0.0146 m 3/2 d -1 W -1/2 , r = 0.4702, φ = 20 days and RMSE = 1.12 m.

Fig. 6 .

 6 Fig. 6.19 Comparison between the longshore model alone (darkgreen dashed line) and longshore contribution (green solid line) in the combined model (DS 2 ).

Fig. 6 .

 6 Fig. 6.21 Shoreline positions of the combined model calibrated with DS 2 (black solid line) for different values of φ. Longshore contribution (grey solid line). Cross-shore contribution (blue two-dashed line).

Fig. 6 .

 6 Fig. 6.22 The combined model calibrated with modified equilibrium Dean number in summer and DS 2 during the period 2013-2015. (a): time series of Ω (light blue line), Ω eq (red line), upper envelope (blue line) and lower envelope (brown line). (b): time series of the surf similarity parameter ξ 0 (yellow line) and the horizontal line at ξ 0 = 3.3 (red dashed line). (c): time series of measured shoreline position (red points) and modeled shoreline position (black solid line). (d): time series of the longhore contribution (green solid line) and the cross-shore contribution (purple dashed line). Calibration parameters from the combined model: a = 0.0239, b = 3.015, c = 0.0195 m 3/2 d -1 W -1/2 , r = 0.5413, φ = 20 days and RMSE = 2.26 m.

  Fig. B.2 (a): time series of significant wave height at breaking point (blue solid line) of transect PF2 and average value H sb = 1.31 m (red dashed line). (b): time series of significant wave height at h = 10 m (light orange line) and average value H s10 = 0.98 m (red dashed line). (c): time series of measured shoreline position (circles) and time series of STDBCO14 model shoreline position at breaking point (blue line) and at h = 10 m (light orange line).
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  Fig. D.1 Tide levels on 1st and 2nd December 2015

  Figure D.2. The depth that the ring

Fig. D. 2

 2 Fig. D.2 Sketch of mixing depth measurement

Fig. D. 3

 3 Fig. D.3 Contrast between fluorescent sand and natural sand on the beach

  Fig. D.9 Mean concentration of fluorescent sand tracer

  Figure D.10 are assigned different

Fig

  Fig. D.10 Correlation test for uniform circles. Circle diameter of 100 pixels

  Fig. D.13 Correlation curves for 10 random ROIs in the image of uniform circles having different grayscale levels. Dashed line: ROI 5; Dashed-dotted line: ROI 2

Fig

  Fig. D.15 Locations where fluorescent sand was found

  Fig. D.16 Vertical distribution along transect 0

Fig

  Fig. D.20 Vertical distribution along transect 4

FigFig

  Fig. D.23 Sampling location for grain size determination

Fig. D. 28

 28 Fig. D.28 Correlation curves of different grain sizes after sieving. Maximum pixel offset = 30

Fig

  Fig. D.30 Grain size distribution defined by correlation curves for 4 natural samples (following method of[START_REF] Rubin | A simple autocorrelation algorithm for determining grain size from digital images of sediment[END_REF] 

  Fig. D.31 Autocorrelation curve of Sample 1 (red line) (d 50 = 0.3 mm). Moving from left to right, autocorrelation curves (blue lines) correspond with different grain sizes 0.09, 0.14, 0.25, 0.315, 0.5, 0.63

  

  

  

  

  

  

  

  

  

  

Table 3

 3 

		.0055	0.0054	0.0052	0.0049	0.0047
	d (m/day)	0.0001	-7e-4	-4.5e-4	-2.3e-4	-6.5e-4
	r	0.3016	0.3034	0.3011 0.29675	0.2952
	φ (days)	300	280	330	550	1000
	D(days)	600	420	330	275	250
	RMSE (m)	8.36	8.36	8.26	8.14	8.13

.1 Parameters c, d (1.36), r (1.38), φ and RMSE in different values of D on calibration time range from 2005 to 2013.

Table 3

 3 

	2 )	0.0055	0.0053
	d (m/day)	0.0001	-0.0034
	r	0.3016	0.2569
	φ (days)	300	950
	RMSE	8.36	8.11

.2 Calibration parameters from the ShoreFor model calibrated with H s at the 54 m bathymetric line and H s at breaking point.

entire forcing time series 2000-2017 corresponding

  

	φ (days)	100	200		300	400	500	600	700	800	900
	φ (days) 100	170	200	300	400	500	600	700	800	900
	r	0.3055 0.2682 0.2491 0.2175 0.1944 0.1772 0.1567 0.1458 0.1319 0.1221

r 0.3316 0.3106 0.3016 0.2968 0.2939 0.2925 0.2915 0.2911 0.2911 Table 3.3 Values of r computed on the calibration time range 2005-2013 corresponding with different values of φ. The smallest RMSE is obtained at φ of 300 days. Table 3.4 Values of r computed on the with different values of φ. The smallest RMSE is obtained at φ of 170 days.

Table 3

 3 

		0043	0.0055	0.0055	0.0050	0.0038
	d (m/day)	0.0016	0.0001	-0.0180	0.0229	0.0122
	r	0.3000	0.3016	0.2574	0.3295	0.3055
	φ (days)	800	300	500	300	1600
	RMSE (m)	8.03	8.36	6.47	8.11	6.41

.5 Parameters c, d, r, φ and RMSE in different optimization periods on calibration time range. Wave height at the 54 m bathymetric line.

Table 4 .

 4 seems to have had access to breaking wave data directly from a SWAN simulation which is not accessible. However, in the paper they claim to use h = 15 m data reconstructed backwards with the Komar formula (1.20) from the breaking point data. This means comparison with Splinter et al. (2014) is probably not conducted on exactly same wave data series and conditions. 2 Comparisons in RMSE and NMSE of ShoreFor model calibrated with wave forcing at breaking point and at the h = 10 m location. Standard deviation of detrend values of S data , S H b and S H 10 . PF4 is a good example of the cross-shore model. It is located near the middle of the embayed beach (Figure

	Transect	σ S data (m)	at breaking point RMSE NMSE σ S H b RMSE NMSE σ S H b RMSE NMSE at h = 10 m % difference
			(m)		(m)	(m)		(m)	(m)
	PF1	9.00	8.46	0.72	2.90 8.43	0.72	3.02 0	0
	PF2	7.72	6.86	0.66	4.16 6.64	0.62	4.46 3	3
	PF4	9.60	8.01	0.63	5.40 7.96	0.62	5.49 1	2
	PF6	8.36	6.70	0.40	5.16 6.48	0.38	5.38 3	4
	PF8	7.23	7.41	0.66	5.92 6.67	0.53	6.34 10	20

Table 4 .3 ShoreFor model calibrated with wave forcing computed with data at 10 m depth. Calibration

 4 

		.0043 0.0085 0.0084 0.0145 0.0282
	d (m/day)	-0.0057 -0.0040 -0.0028 0.0065 0.0083
	r	0.4344 0.4872 0.4213 0.6143 0.6138
	φ (days)	200	23	140	5	5
	Transect	PF1	PF2	PF4	PF6	PF8
	c (m 3/2 d -1 W -1/2 ) 0.0045 0.0083 0.0088 0.0135 0.0242
	d (m/day)	-0.0056 -0.0037 -0.0027 0.0068 0.0091
	r	0.4277 0.4766 0.4150 0.5541 0.5822
	φ (days)	200	25	135	7	6

parameters c and d, the erosion ratio r and the memory decay φ corresponding with the smallest RMSEs.

Table 4 .4 ShoreFor model calibrated with wave forcing estimated at breaking point.

 4 Calibration parameters c and d, the erosion ratio r and the memory decay φ corresponding with the smallest RMSEs. Table 4.5 gives the calibration parameters and NMSE of the paper of Splinter et al. (2014). It is realized that the calibration parameters c, d, φ and r of our test are very close to those of Splinter et al. (2014), whereas the NMSEs are quite different. The difference in input data with that of Splinter et al. (2014) may be the cause of this discrepancy. Calibration parameters c and d, the erosion ratio r and the memory decay φ of Splinter et al. (2014) (estimated from a figure of Splinter et al. (2014).

	Transect	PF1	PF2	PF4	PF6	PF8
	c (m 3/2 d -1 W -1/2 ) 0.0039 0.0086 0.0095 0.0147 0.0224
	d (m/day)	-0.0055 -0.0052 -0.0049 0.0055 0.0052
	r	0.4	0.44	0.4	0.42	0.46
	φ (days)	>1000	15	140	15	10
	NMSE	0.58	0.63	0.60	0.35	0.39
	Table 4.5					

Table 4

 4 

	.6 also shows

  Table 4.7).

	Transect	ψ b	ψ 10	α b	α 10	β b	β 10	β m
	PF1	5.32 •	4.80 •	10.87 • 25.61 • 13.53 • 28.01 •	28 • ± 3 •
	PF2	3.35 •	1.08 •	8.78 •	21.49 • 10.46 • 22.03 •	24 • ± 3 •
	PF4	0.38 •	-2.85 •	4.64 •	11.70 •	4.84 •	10.28 • 11.5 •

Table 4 .

 4 7. At PF2 and PF4, the longshore contribution has very little variability, meaning that it only gives the long-term trend. Seasonal winter storms do not seem to give a signature

	Transect	PF1	PF2	PF4	PF6	PF8
	a	-0.0279 -0.0075 -0.0016 -0.0164 -0.0328
	b	0.2591 0.1235 0.1079 -0.4718 -0.5129
	c (m 3/2 d -1 W -1/2 ) 0.0084 0.0095 0.0083 0.0100 0.0223
	r	0.5508 0.4927 0.4222 0.4321 0.5387
	φ (days)	10	21	121	27	8

Table 4 .

 4 7 Calibration parameters a and b of the longshore components, parameter c, the erosion ratio r and the memory decay φ of the cross-shore components in the

combined model calibrated with wave forcing at 10 m depth between 2005 and 2012.

  

	Transect	ShoreFor model RMSE (m) NMSE RMSE (m) NMSE RMSE NMSE Combined model Difference percentage
	PF1	8.43	0.72	7.66	0.59	9	18
	PF2	6.64	0.62	6.57	0.61	1	2
	PF4	7.96	0.62	7.86	0.60	1	3
	PF6	6.48	0.38	4.94	0.22	24	42
	PF8	6.67	0.53	6.11	0.45	8	15

Table 4

 4 

.8 Comparison in RMSE and NMSE between the ShoreFor model and the combined model calibrated with wave forcing at 10 m depth between 2005 and 2012.

Table 4 .

 4 10 Comparison in RMSE and NMSE between the ShoreFor model and the combined model calibrated with wave

	Transect	ShoreFor model RMSE (m) NMSE RMSE (m) NMSE RMSE NMSE Combined model Difference percentage
	PF1	7.93	0.64	7.86	0.63	1	2
	PF2	7.30	0.69	7.28	0.68	1	1
	PF4	8.38	0.65	8.32	0.64	1	2
	PF6	8.35	0.51	5.72	0.24	32	53
	PF8	7.35	0.53	6.27	0.39	15	26

forcing at 10 m depth during the period 2000-2014.

  

	Transect	PF1	PF2	PF4	PF6	PF8
	a	-0.0061	-3e-5	0.0015 -0.0238 -0.0427
	b	0.0593 -0.0470 0.0832 -0.5249 -0.5260
	c (m 3/2 d -1 W -1/2 ) 0.0045	-0.057 0.0062 0.0090 0.0058
	r	0.4395 0.4433 0.4202 0.4082 0.4501
	φ (days)	1000	425	600	45	20

Table 4

 4 

.11 Calibration parameters a and b of the longshore components; parameter c, the erosion ratio r and the memory decay φ of the cross-shore components in the

combined model calibrated with wave forcing at 10 m depth during the 2000-2014. 4.4.2 Application for a longer time period and predictive skills

  For reason not given in[START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF], they did not try to calibrate the model on a larger time range. The exercise of section 4.4 was re-iterated on a larger period namely from 2000 to2014. Figures 4.21, 4.22, 4.23, 4.24 and 4.25 show both the ShoreFor cross-shore model (1.36) and the combined model (2.29) for the 2000 -2014 period.Table

  , PF6 has NMSE which is obviously smaller (Table 4.8). It means PF6

	PF8
	S (m)
	Years

Table 5 .

 5 • (Figure 5.22). At buoy D, closest buoy, SWAN underestimates the wave direction with difference of 16 • . 3 RMSE of H s and α between SWAN with default values and buoy at point A and B (May 2013) and C and D (December 2013).

	Points RMSE of H s (m) RMSE of α ( • )
	A	0.10	56.44
	B	0.10	38.39
	C	0.13	141.22
	D	0.09	16.24

  Fig. 5.26 Significant wave height by sensitivity analysis to wind input at point A in May 2013. H s at buoy (orange line), H s from SWAN with the ECMWF wind data (green points), H s from SWAN with the increased wind (green dashed points).

		Point A		
		0.3		
	H s (m)	0.2		
		0.1		
		May 24	May 26		May 28	May 30
				Years
			Buoy	ECMWF_wind	Increased_wind

  -70.16 • -39.38 • -14.87 • -41.67 • -49.95 • -36 • Table 6.2 Values of ψ b , ψ 10 , α b , α 10 , β b , β 10 and β m . β m is the beach orientation measured on Google Earth images.

	Transect	ψ b	ψ 10	α b	α 10	β b	β 10	β m
	PF1	-0.27 • -58.53 •	2.68 •	18.02 •	2.54 •	-11.25 •	2 •
	PF2	-0.53 • -56.88 • -5.12 •	12.87 •	-5.38 • -15.57 • -1 •
	PF3	-0.99 • -59.06 • -13.58 •	4.60 •	-14.08 • -24.93 • -10 •
	PF4	-1.38 • -60.02 • -25.77 • -4.99 • -26.46 •	-35 •	-22 •
	PF5	-4.58 •						

  Ratios between calibrated a and b from the combined model and ratios between estimated a and b from the wave data. The index 10˝stands for the 10 m depth location, b˝stands for breaking point, mod˝stands for model.
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	Shoreline Model ShoreFor ShoreFor Longshore model Combined model
	Wave Input	ECMWF	SWAN	SWAN
	a	-	-	4e-04		0.0251
	b	-	-	4.542		4.9432
	c	0.0072	0.0094	-		0.0146
	d	0.0015	0.0048	-		-
	r	0.4589	0.3013	-		0.4702
	φ (days)	47	70	-		20
	RMSE (m)	1.18	1.18	-		1.12
	NMSE	0.25	0.25	-		0.21
	Table 6.3 Parameters c, d, r, φ and RMSE in different shoreline models and wave inputs for
	DS 1 .				
	Shoreline Model ShoreFor ShoreFor Longshore model Combined model
	Wave Input	ECMWF	SWAN	SWAN
	a	-	-	0.0322	0.0081
	b	-	-	2.4618	1.1548
	c	0.0060	0.0110	-		0.0113
	d	0.0002	0.0003	-		-
	r	0.3156	0.2358	-		0.2358
	φ (days)	70	70	-		70
	RMSE (m)	3.88	3.28	-		3.27
	NMSE	0.30	0.21	-		0.21
	Table 6.4 Parameters c, d, r, φ and RMSE in different shoreline models and wave inputs for
	DS 2 .				
		Transect a mod /b mod a 10 /b 10	a b /b b
		PF1	0.007	1.1407 -7.9034
	Table 6.5				

  Table6.6 Sensitivity to the erosion ratio r for φ of 70 days for different time ranges of SWAN wave data (at depth of 10 m) and of ECMWF wave data (point 2 at depth of 16 m).
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		Year		r SWAN r ECMWF r ECMWF /r SWAN
	Aug13-July14 (1 year -DS 1 )	0.301		0.383	1.3	
	May13-Dec15 (2.5 years -DS 2 )	0.236		0.310	1.3	
	Jan14-Dec14 (1 year)	0.280		0.335	1.2	
	Jan14-June15 (1.5 years)	0.450		0.467	1.0	
	Jan14-Dec15 (2 years)	0.305		0.366	1.2	
	φ (days)	10	20	30	40	50	60	70
	r	0.5855 0.4350 0.3666 0.3205 0.2855 0.2580 0.2358
	Table 6.7 Sensitivity of the erosion ratio to different values of φ on calibration time range
	(2013 to 2015).							
							). Cross-shore contribution
	(blue two-dashed line).						
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Chapter 6

Combined longshore and cross-shore modeling for the embayed beach shoreline of Nha Trang

Introduction

The shoreline evolution combined model is calibrated with the data of Nha Trang beach (Vietnam) using two shoreline datasets of different time ranges, one of [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF] from August 2013 to July 2014 (hereinafter called dataset 1) and another of [START_REF] Thuan | Typhoon impact and recovery from continuous video monitoring: a case study from Nha Trang Beach, Vietnam[END_REF] from May 2013 to December 2015 (hereinafter called dataset 2). [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF] used the wave fields from the ECMWF at the closest point (point 2 in Figure 5.8) for the ShoreFor model. As investigated in chapter 5, the ECMWF wave fields should be considered with caution, especially data at grid points close to the shoreline (Figure 5.8). We will use the wave fields obtained from SWAN at 10 m bathymetric line which are closer to the beach than those of [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF] at point 2. Consequently, section 6.2 describes the wave input data for the shoreline evolution modeling. In section 6.3.1, the ShoreFor model is implemented with the ECMWF wave data for the sake of comparison with [START_REF] Almar | Shoreline response to a sequence of typhoon and monsoon events[END_REF]. The results of the ShoreFor model with the SWAN wave data are presented in section 6.3.2. The section 6.3.3 is devoted to the combined model which is calibrated with two shoreline datasets. The section 6.3.4 presents the sensitivity to the calibration time range of the erosion ratio r. Section 6.4 is for discussion and conclusion. B.2, B.3 and B.4 show the STDBCO14 modeled shoreline position with wave forcing at the 10 m depth location and at breaking point. Snell's law does not really capture refraction and diffraction processes such as those at PF1 and PF8. Can it be that the way wave parameters are computed does not fully reflect diffraction and refraction processes. 

Appendix C Section 4.4: The combined model

The forcing terms in the combined model is calculated based on the significant wave height at breaking point. At this point, it is assumed that the breaking waves have more impacts on the shoreline change in comparison with the offshore waves. Table C.1 shows a comparison between the STDBCO14 model and the combined model with wave forcing at breaking point. As with wave forcing at 10 m depth, the former provides larger RMSE than the latter. However, the combined model with wave forcing at 10 m depth yields smaller RMSE and NMSE than that at breaking point. 

Transect

D.1 Introduction

Simplification of in-situ experiment processes is an issue of concern in coastal engineering. This chapter focuses on the longshore drift in the coastal zone and calibration of grain size by the image process. The fluorescent sand tracer experiment was conducted to estimate longshore transport in the swash zone. The fluorescent technique is an effective modality that we can see by ourselves how the longshore sediment is transported by waves, tide and Digital longshore swash and grain size distribution In this experiment, the NIKON D200 has 10 million pixels, lens of 60 mm macro. Each sampled image has 4 cm by 3 cm surface of sand corresponding to 3872 by 2592 pixels; 1 pixel thus approximately corresponds with 0.01 mm.

The concentration of fluorescent sand tracer is based on the image process. The fluorescent grains are very clear under UV beams. The images of fluorescent sand were photographed with the same distance of 12 cm from the camera to the sand surface. Fluorescent tracer concentration is expressed as the ratio of the number of fluorescent grains to all grains being present in the image. Using MATLAB to do image processing makes the fluorescent grains in white and the others in black. In the image, the fluorescent sand is bright pink, all the natural sand is blue; the image is read by MATLAB under matrix data. In order to change pink into white, on the one hand, the original image is extracted the red plane, on the other hand, the original image, which is truecolor image RGB, is converted to the grayscale intensity image, then subtracting each element in the matrix of grayscale intensity image from the corresponding element in the matrix of image gotten only red plane; the difference in the corresponding element of the output is converted to a binary image which has only white and black pixels with natural sand in black pixels and fluorescent sand in white pixels. Taking Digital longshore swash and grain size distribution