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Text S1.

1. Model Domain

The main asset of the model lies in describing the system by three separate regions in

the cross-shore dimension: the active shoreface, the subaerial portion of the barrier island

and the back-barrier lagoon (see Figure S1). We define the system in the cross-shore

direction by the boundaries between these regions: the toe of the shoreface, the shoreline

and the back-barrier shoreline.

The toe of the shoreface is located at x = xt and z = ξ(t) − Dt, where ξ(t) is the sea

level elevation at time t and

Dt = 8.9Hs (1)

is the depth of closure, which depends on the long-term average offshore significant wave

heightHs (Houston, 1995). The seaward shoreline of the barrier island is located at x = xs

and z = ξ(t), and the shoreline on the back-barrier side is located at x = xb and z = ξ(t).

We consider the subaerial portion of the barrier to be delimited by vertical profiles at

both sides. The height of the subaerial portion of the barrier is denoted by H. The width

of the barrier is defined as Wb = xb−xs. Note that all variables defined so far (except for

mean sea level) depend on the alongshore direction as well. The back-barrier lagoon has

a flat bottom and the shoreface is defined by a linear profile with slope ssf = Dt/(xs−xt).

The model is driven by tides (with a prescribed range), rate of SLR and waves that

propagate from deep water toward the barrier, among other boundary conditions (e.g.,

shoreface slope). The waves are characterized by a significant wave height (assumed to

be constant) and by an angle of incidence with respect to the y−axis. This angle is a

stochastic variable that is determined by a probability density distribution that depends on
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wave asymmetry (fraction of waves approaching from the left, looking offshore) and wave

highness (fraction of waves approaching at a high angle, i.e., |ϕ0| > 45◦, see Figure S1a).

2. Cross-shore Dynamics

There are three main cross-shore processes affecting the boundaries of the system and

the barrier height: sediment transport on the shoreface, passive flooding due to SLR and

overwash. We implement them in the BRIE-D model by considering the separate effects

of each one of them on the three different boundaries, yielding

∂xt

∂t
= Ft ,sf + Ft ,SL , (2)

∂xs

∂t
= Fs,lt + Fs,sf + Fs,ow + Fs,sd , (3)

∂xb

∂t
= Fb,ow + Fb,form + Fb,sd + Fb,Esc , (4)

∂H

∂t
= FH ,SL + FH ,ow , (5)

where sf stands for shoreface processes, SL for passive flooding due to SLR, and ow for

overwash. These processes will be explained in this section. Furthermore, there are non

cross-shore processes affecting these boundaries as well, form stands for inlet formation,

sd stands for sediment distribution in the inlet, Esc for sediment exchange between the

inlet and the flood-tidal delta (which is partly parameterized following the theory by

Escoffier, 1940) and Fs,lt is the contribution due to alongshore gradients in the littoral

drift. These three processes are explained in Sections 3, 5, 6 and 8, respectively.

2.1. Shoreface Transport

We compute the shoreface transport based on the deviations from an equilibrium slope

ssf ,eq , which is defined by the balance between onshore sediment transport by waves and

October 13, 2023, 2:19pm



X - 4 PORTOS-AMILL ET AL.: INLET EXPANSION AND BARRIER DROWNING

the offshore directed transport due to gravity. These deviations result in the shoreface

transport

Qsf = ksf (ssf ,eq − ssf ) , (6)

which is controlled by the shoreface response rate ksf . By imposing mass conservation of

sediment, it follows that the evolution of xs and of xt due to the sole effect of Qsf is given

by

Fs,sf = −4Qsf
H +Dt

(2H +Dt)2
, (7)

Ft ,sf = 4Qsf
H +Dt

Dt(2H +Dt)
. (8)

The shoreface response rate represents the integrated cross-shore sediment transport be-

tween the depth of closure and the wave breaking depth. We adopt the expression for ksf

obtained by Nienhuis and Lorenzo-Trueba (2019),

ksf =
escsg

11/4H5
sT

5/2
p

960Rπ7/2w2
s

 1
11
4
z
11/4
0

− 1
11
4
D

11/4
t

Dt − z0

 , (9)

in units of m3m−1s−1. In this expression, es is the suspended sediment transport efficiency

factor, cs is the friction factor, g is the gravitational acceleration, Tp is the peak wave

period, R is the submerged specific gravity of sediment, ws is the sediment settling velocity

and z0 depth where waves break. Following Lorenzo-Trueba and Ashton (2014), the

equilibrium slope is given by

ssf ,eq =
3ws

4
√
gDt

(
5 +

3T 2
p g

4π2Dt

)
. (10)

Here, the sediment settling velocity is computed based on the empirical formulation de-

veloped by Ferguson and Church (2004),

ws =
RgD2

50

α +
√

3
4
RgD3

50

, (11)
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where α = 18 · 10−6 m2/s.

2.2. Passive Flooding by SLR

SLR causes passive flooding, apart from sediment transport and overwash. In the

BRIE-D model, inundation results in reduction of the barrier height, landward translation

of the toe of the shoreface and shoreface steepening. Imposing conservation of sediment

of the entire barrier system, the rates of change of the position of the toe of the shoreface

and barrier height that are solely due to flooding are described by

Ft ,SL =
2ξ̇

ssf
, (12)

FH ,SL = −ξ̇ , (13)

where ξ̇ represents the rate of SLR.

2.3. Overwash

During storms, waves transport sand from the ocean side of the barrier and deposit it on

the barrier or along its landward margin, resulting in landward migration of the barrier.

We model this behavior by removing sediment from the upper part of the shoreface,

keeping the toe of the shoreface constant and shifting the shoreline position landward at

a rate

Fs,ow =
2Qow

(2H +Dt)(1− f)
. (14)

This expression is for a given overwash transport Qow, to be specified later, where the

(1− f) factor accounts for fine-grained sediment deposition in the back barrier. Sediment

deposition can take place on top of the barrier, resulting in subaerial barrier elevation,

or on the back barrier, resulting in landward migration of the back-barrier shoreline such
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that

Fb,ow =
Qow ,b

H +Dlagoon

, (15)

FH ,ow =
Qow ,h

Wb

, (16)

with

Qow = Qow ,h +Qow ,b . (17)

The depth Dlagoon in Equation 15 corresponds to that of the back-barrier basin. The

overwash transports are computed based on the barrier deficit volume per unit length Vd,

which represents the difference, for a given shoreline location, between a current barrier

configuration and one that is both high and wide enough such that overwash is presumed

not to occur. This volume per unit length has both top barrier Vd ,h and back-barrier Vd ,b

components,

Vd = Vd ,h + Vd ,b , (18)

with

Vd ,h = max[0, (Hcrit −H)Wb] , (19)

Vd ,b = max[0, (Wb,crit −Wb)(H +Dlagoon)] . (20)

When the barrier width and height are below their critical values, the overwash transports

Qow ,b and Qow ,h scale with their associated deficit volumes. This results in an overwash

transport heightening the barrier,

Qow ,h = Qow ,max
Vd ,h

max(Vd ,b + Vd ,h , HcritWb,crit)
, (21)

and an overwash transport widening the barrier,

Qow ,h = Qow ,max
Vd ,b

max(Vd ,b + Vd ,h , HcritWb,crit)
. (22)
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The maximum overwash transport Qow ,max depends on storm frequency and magnitude,

as well as local sediment characteristics. Lorenzo-Trueba and Ashton (2014) found that

it has values in the range 10−8 − 10−6 m3m−1s−1 (i.e. ∼ 1− 100 m3m−1yr−1).

3. Inlet Formation

There are two processes by which inlets form: breaching and drowning. Inlets can form

every Tstorm years, at a location lying at least 5 km from existing inlets and with minimum

barrier volume per unit length, computed as WbH. In this formulation Tstorm represents

a storm return period, taken as Tstorm = 10 yr. The initial width of a breached inlet is

set to 1 km, and its depth is computed assuming an aspect ratio γaspect such that Dinlet =

γaspectWinlet , where Dinlet and Winlet stand for inlet depth and width, respectively. The

inlet aspect ratio is assumed to be constant only for small inlets. Based on observations

(Hume & Herdendorf, 1992), we set the maximum inlet depth to be 15 m, above which

an increase in inlet cross-sectional area causes an increases in only inlet width.

Inlets can also form due to barrier drowning, that is if the top of the barrier is below

MSL or if the barrier width becomes negative. Lorenzo-Trueba and Ashton (2014) defined

these situations as height and width drowning, respectively. Note that in the case of height

or width drowning, Equations 3, 4 and 5 still apply, even if the subaerial part of the barrier

has disappeared. In these cases, inlets form independently of their distance to pre-existing

inlets and their width is computed as the alongshore extent over which Wb and/or H are

negative. Inlet depth is computed, with the assumption that the aspect ratio is the same

as for breached inlets. This means that, in the case of height drowning, the inlet ends

up being deeper than the initial depth of the drowned portion. To make up for that, the

corresponding inlet volume (WbWinlet(H + Dinlet)) is placed in the flood-tidal delta by
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increasing the back-barrier location by

Fb,form =
dWb

dt

(
H +Dinlet

Dlagoon

)
. (23)

The same procedure is applied for breached inlets.

After formation, we let the cross-sectional area of an inlet, Ainlet , evolve depending on

the different sources or sinks of sediment,

dAinlet

dt
= Gsd +GEsc +Gm +Gd , (24)

where d represents the variations due to barrier drowning and m, those due to merging

with pre-existing inlets. Expressions of the terms on the right hand side will be given in

Sections 5, 6.

4. Alongshore Transport into Inlets

The barrier is interrupted in the alongshore direction by inlets, whose dynamics are

controlled by the alongshore sediment transport (also known as littoral drift) Qs they

receive (see Figure S2). THE alongshore sediment transport along the barrier islands is

computed by applying the CERC formula, the same way as it is done in the BRIE model,

Qs = kH12/5
s T 1/5

p cos6/5(ϕ0 − θ) sin(ϕ0 − θ) . (25)

In this expression k is a constant that ∼ 0.06 m3/5s−6/5 (Nienhuis et al., 2015), and ϕ0 is

the wave direction. The wave height at breaking Hb that is in the original CERC formula

is converted to Hs using Snell’s refraction law and conservation of wave energy (Ashton &

Murray, 2006). The orientation of the shoreline θ is defined by tan θ = ∂xs/∂y and may

have a different value for each inlet. Note that Qs has units of m3 s−1, not m3 m−1 s−1,

as it is the case for Qsf and Qow.
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At every time step, the wave direction ϕ0 is computed from a cumulative distribution

function defined by wave asymmetry (a, corresponding to the fraction of waves approach-

ing from the left looking offshore, i.e. ϕ0 > 0) and wave highness (h, corresponding to the

fraction of high angle waves, i.e. |ϕ0| > 45). The probability density function is defined as

P (ϕ0) =


P1 = (4/π)ah if − π

2
< ϕ0 < −π

4

P2 = (4/π)a(1− h) if − π
4
< ϕ0 < 0

P3 = (4/π)(1− h)(1− a) if 0 < ϕ0 <
π
4

P4 = (4/π)(1− a)h if π
4
< ϕ0 <

π
2

, (26)

where
∑4

i=1 Pi
π
4
= 1 (Nienhuis & Lorenzo-Trueba, 2019; Ashton & Murray, 2006). Then,

for a given random number G uniformly distributed between 0 and 1, the angle ϕ0 is

computed as

ϕ0 =


−π

2
+ G

P1
if G ≤ P1

π
4

−π
4
+ G−P1π/4

P2
if P1

π
4
≤ G ≤ (P1 + P2)

π
4

G−(P1+P2)π/4
P3

if (P1 + P2)
π
4
≤ G ≤ (P1 + P2 + P3)

π
4

π
4
+ G−(P1+P2+P3)π/4

P4
if (P1 + P2 + P3)

π
4
≤ G ≤ 1

. (27)

5. Inlet Migration and Sediment Deposition at the Flood Delta

Sediment is distributed around the inlet in terms of fractions of the littoral drift Qs that

occurs at the end of the updrift barrier island. A fraction β of the littoral drift is bypassed

to the downdrift side of the barrier, a fraction δ is deposited on the flood-tidal delta and

the remaining part (a fraction α) is deposited on the updrift tip of the barrier (see the

blue arrows in Figure S2). Conservation of sediment mass implies that α, β and δ sum

up to 1. Additionally, erosion of sediment occurs at the downdrift tip of the barrier. Part

of this sediment continues to move downdrift into the littoral zone at a rate βrQs, part of

it is deposited on the flood tidal delta at a rate δrQs, or is deposited on the updrift tip of

the barrier at a rate αrQs (see the red arrows in Figure S2). Expressions for all fractions,
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in terms of tidal current, wave climate, inlet width and barrier width, were obtained using

Delft3D experiments (Nienhuis & Ashton, 2016).

The amount of sediment deposited on the updrift side defines the inlet migration rate,

dyinlet
dt

=
Qs(α + αr)

Ab,up

, (28)

where Ab,up is the cross-sectional area of the barrier updrift of the inlet, Wb(Dinlet +H).

Inlet migration creates the new barrier at mean sea level. The deficit (excess) in alongshore

sediment transport in the downdrift side (i.e. it being (β+βr)Qs instead of Qs) is balanced

taking sediment from (adding it to) the downdrift side of the barrier, resulting in a change

per time in the position of the seaward shoreline

Fs,sd =
(1− β − βr)Qs

(H +Dlagoon)Winlet

, (29)

such that the alongshore sediment transport received by each inlet equals Qs.

The sediment distribution leads to a change in the location of the back-barrier shoreline,

Fb,sd =
Qs(δ + δr)

WinletDlagoon

. (30)

This represents deposition of sediment at the flood delta because we define the flood-tidal

delta volume to be dependent on the position of the back-barrier shoreline,

Vfld = (Wb +Wb,crit)WinletDlagoon , (31)

which depends on the critical barrier width Wb,crit = 200 m, such that it is never zero.

Here Wb = xb − xs is the width of the barrier, which depends on the position of the

back-barrier shoreline xb.
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Likewise, the sediment distribution within the inlet causes evolution of the cross-

sectional area of the inlet,

Gsd = Dinlet

(
1

Ab,down

dVdown

dt
− 1

Ab,up

dVup

dt

)
, (32)

where the changes in downdrift and updrift volumes are respectively defined by

dVdown

dt
= Qs(αr + βr + δr) ,

dVup

dt
= Qs(α + αr) . (33)

The parametrizations used for the distribution of littoral drift over the different parts of

the barrier system, α, β, δ, αr, βr and δr, depend on the nondimensional inlet momentum

balance I as (Nienhuis & Ashton, 2016, see Figure S3a)

β =
1

1 + 10I−3
, βr =

0.9

1 + 0.9I−3
, (34)

δ =
1

1 + 3I−3
, δr = 0.03 +

0.57

1 + 3I−3
, (35)

α = 1− β − δ , αr = 0.6α . (36)

Here, I is defined as the ratio between the tidal and wave momentum flux, Mt and Mw,

Mt = ρwu
2
eAinlet , Mw = SxyWinlet , (37)

in which ρw is the density of water. The expression for Mw contains Sxy, which is the

wave averaged, depth integrated transfer of y-momentum in the x direction that is solely

due to waves (Longuet-Higgins & Stewart, 1962),

Sxy = E(cg/c) cos(ϕ0) sin(ϕ0) , (38)

with E being the mean depth-integrated wave energy density,

E =
1

16
ρwgH

2
s . (39)
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Combining these results yields

I = ν
Mt

Mw

Winlet

Wb

= ν
ρwU

2
eAinlet

1
16
ρwgH2

sWinlet

Winlet

Wb

, (40)

where Ue is the equilibrium velocity amplitude through the inlet (Ue = 1 m/s) and ν is a

dimensionless parameter, which is set at 0.02.

The definition of the sediment transport eroded from the downdrift tip and deposited

into the flood tidal delta (δr) used in the BRIE-D model differs from that used in the BRIE

model. In the BRIE model, it was set such that the inlet width remained unchanged. Here,

this constraint is released by making δr dependent on I, following the relation found by

Nienhuis and Ashton (2016). This change in formulation is more physical, because it

allows for both tips of the barrier to be disconnected. Its consequence is that it causes

more sediment to be deposited on the flood-tidal delta in BRIE-D compared to BRIE,

because δr is always positive. In contrast, δr takes mostly negative values in the BRIE

model (meaning that sediment is transported from the flood-tidal delta to the downdrift

tip of the barrier).

A positive feedback resulting in inlet growth can arise in BRIE-D because of this new

relation between inlet bank erosion and the inlet momentum balance. Inlets tend to widen

and the barrier tends to narrow under drowning situations. A wider inlet and a narrower

barrier cause a larger value for the inlet momentum balance I, which corresponds to more

sediment being deposited into the flood-tidal delta (due to larger δ and δr). Overall,

the BRIE-D model exhibits a larger deposition into the flood-tidal delta than that of

the BRIE model. We set a maximum value for the flood-tidal delta beyond which the

nondimensional inlet momentum balance I is set to 0.1 (causing a very low deposition

into the flood-tidal delta, defined by δ and δr). This threshold in Vfld prevents unrealistic
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values for the flood-tidal delta volume, and is parameterized the same way as it is done

in the BRIE model, following empirical data from Powell, Thieke, and Mehta (2006),

yielding

Vfld ,max = Vref

[
UAinlet/(2ω)

Vref

]0.37
, (41)

with Vref = (1 · 104)1/0.63 m3 = 2.235 · 106 m3. Furthermore, we scale the nondimensional

inlet momentum balance I by a factor ν = 0.02 (see Equation 40). As a result of this

modification, the larger deposition in the flood-tidal delta (due to wider inlets, narrower

barrier and the new parametrization for δr) is counteracted. Therefore, we obtain a more

realistic evolution of the flood-tidal delta volume, as well as the other parameters involved.

6. Variations in the Cross-sectional Area of the Inlet

We depart from the formulation given in Nienhuis and Lorenzo-Trueba (2019) by al-

lowing for variations in the cross-sectional area of the inlet. Apart from the variations

caused by the difference in deposition of littoral drift on the downdrift and updrift barrier

(Equation 32), we also include variations in the cross-sectional area of the inlet depending

on the balance in sediment exchange with the flood-tidal delta. This balance depends on

a prescribed transport from the flood-tidal delta to the inlet and the export of sediment

from the inlet to the flood-tidal delta due to tidal currents. The latter is parameterized

following the concepts by Escoffier (1940), and the formulations given in van de Kreeke

(2004), yielding

Wb
dAEsc

dt
= −M + S , (42)
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where M is the sediment imported into the inlet from the flood-tidal delta and S is the

transport capacity of the flood-tidal current, which is parameterized as

S = κU2 , (43)

with U the tidal current amplitude in the inlet. In equilibrium, U = Ue and AEsc is

constant, so κ = M/U2
e . This allows the right-hand side of Equation 42 to be expressed

in terms of M , U and Ue , yielding

GEsc =
dAEsc

dt
= −M

Wb

(
1−

(
U

Ue

)2
)

. (44)

We obtain the tidal velocity amplitude U from the inlet hydrodynamic equations pre-

sented in Brown (1928) and summarized in de Swart and Zimmerman (2009), assuming

that both the length of the inlet and the size of the bay are short compared with the tidal

wavelength.

It is assumed that the cross-sectionally averaged tidal velocity u is spatially uniform in

the inlet, and that the sea surface η is spatially uniform in the back-barrier lagoon. Tidal

forcing is imposed at the seaward side, η0 = a0 sin(ωt), where η0 is the offshore sea surface

elevation, a0 is the tidal amplitude and ω is the tidal radial frequency. Integrating the

momentum equation over the inlet, we obtain

Wb
du

dt
= −g(η − η0)−

8

3π
cd

U

Dinlet

uWb , (45)

where g is the gravitational acceleration. Here, the quadratic stress cd|u|u is linearized, by

projecting it onto the harmonic component that oscillates with ω, and U is the amplitude

of u. Likewise, integrating the continuity equation over the back-barrier lagoon yields

(1− fmarsh)Alagoon
dη

dt
= uAinlet , (46)
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where the factor fmarsh is the fraction of the back-barrier lagoon surface area (Alagoon)

covered by marsh, thus not contributing to the tidal prism. By taking the time derivative

of Equation 45 and subsequently using Equation 46 to eliminate η it follows a single

differential equation for the velocity u:

d2u

dt2
+

8

3π
cd

U

Dinlet

du

dt
= − g

Wb

Ainlet

(1− fmarsh)Alagoon

u+
g

Wb

dη0
dt

. (47)

Assuming a nontransient solution of the form

u = Re
(
Ûe−iωt

)
, |Û | = U , (48)

and substituting

dη0
dt

= Re
(
a0ωe

−iωt
)
, (49)

into Equation 47 yields

−ω2Û − i
8

3π

cd
Dinlet

ωUÛ = − g

Wb

Ainlet

(1− fmarsh)Alagoon

Û +
g

Wb

a0ω . (50)

Here, we define the Helmholtz frequency,

ω2
H =

g

Wb

Ainlet

(1− fmarsh)Alagoon

, (51)

and

λ =
8

3π

cd
Dinlet

ω . (52)

Rearranging Equation 50 yields

[(
−ω2 + ω2

H

)
− iλU

]
Û =

g

Wb

a0ω . (53)

Taking the absolute value and the square of this expression, it follows

[(
−ω2 + ω2

H

)2
+ λ2U2

]
U2 =

(
g

Wb

a0ω

)2

, (54)
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or

aU4 + bU2 + c = 0 , (55)

with

a = λ2 , b = (−ω2 + ω2
H)

2 , c = −
(

g

Wb

a0ω

)2

. (56)

The solution that yields U ≥ 0 is

U =

[
−b+

√
b2 − 4ac

2a

]1/2
. (57)

In this formulation, the friction coefficient and the marsh cover depend on the flood-tidal

delta volume,

cd =
gn2

D
1/3
inlet

+
Dinlet

Wb

Vfld

Vfld ,max

, fmarsh = 0.5 + 0.4
Vfld

Vfld ,max

, (58)

where n is the Manning roughness coefficient, taken as n = 0.05 s m−1/3. This formulation

for the bottom friction includes the effects of head loss due to flow separation (second

term, see Terra et al., 2005, and references therein). The dependence of both the friction

coefficient and the marsh cover on the flood-tidal delta volume prevents unrealistically

large values for the amplitude of the tidal velocity in the inlet, which caused abrupt

changes in the cross-sectional area of the inlet.

The sediment gained (lost) by the inlet due to these dynamics (Equation 44) is taken

from (given to) the flood-tidal delta (see the green arrows in Figure S2) causing a change

in the back-barrier shoreline along the inlet width

Fb,Esc = −M

Wb

(
1−

(
U

Ue

)2
)

Wb

DlagoonWinlet

. (59)

Note that the flood-tidal delta volume depends on the position of the back-barrier shoreline

(Equation 31).
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A third way inlets can increase their cross-sectional area is by merging with other inlets.

The increase in the cross-sectional area of the inlet due to merging with other inlets Gm is

such that the total cross-sectional area is conserved. As a result, if inlets j and k merge,

with j < k, the cross-sectional area of inlet j is then Ainlet ,j + Ainlet ,k , and inlet k is no

longer present at the next time step.

Lastly, the increase in the cross-sectional area of the inlet due to barrier drowning

depends on the length of the portion of the barrier that drowned, denoted as Wd, which

is either due to negative barrier width or negative barrier height,

Gd =
dWd

dt
γaspectWd , (60)

where the corresponding depth is computed using the inlet aspect ratio γaspect (γaspect =

Dinlet/Winlet).

7. Equilibrium cross-sectional area

The BRIE-D model is also able to compute the hypothetical cross-sectional area that

an inlet would have if it were to be in equilibrium. That corresponds to the cross-sectional

area that the inlet would instantaneously attain in the BRIE model. Given the environ-

ment characteristics, the equilibrium cross-sectional area is computed analytically from

the inlet area-velocity relationship (Escoffier, 1940; de Swart & Zimmerman, 2009), yield-

ing

Ainlet = ω(1− fmarsh)LlagoonWlagoon
√
ga0Ãinlet , (61)

with

Ãinlet =
2ÃH

3
+

22/3F0

6
+

21/3
(
3 + Ã2

H ũ
2
e

)
3ũ2

eF0

. (62)
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Here, ÃH = ωWb/
√
ga0 is a resonance nondimensional cross-sectional area, ũe = Ue/

√
ga0

is a nondimensional equilibrium velocity, and F0 is defined as

F0 =

(
6
√
3

√
Ã3

H γ̃
−2ũ−2

e − Ã4
H ũ

−2
e + 2Ã2

H ũ
−4
e − 9ÃH γ̃−2 − ũ−6

e +
27

4
γ̃−4ũ−4

e

−27γ̃−2ũ2
e − 2Ã3

H + 18ÃH ũ
−2
e

)1/3
,

(63)

where γ̃ is the ratio of the potential tidal prism and the inlet friction,

γ̃ =
γaspect

√
ωLlagoonWlagoon(1− fmarsh)

√
a0/g

8
3π
cdWb

. (64)

Here, Wlagoon and Llagoon are the cross-shore width of the lagoon and the alongshore length

of the lagoon draining to a particular tidal inlet, respectively.

8. Evolution of the Shoreline

The evolution of the shoreline is given by the equation

∂xs

∂t
= − 1

Dt +H

∂Qs

∂y
+

∂xs,ext

∂t
, (65)

where Qs is the alongshore sediment transport, and the last term in the right hand side

accounts for cross-shore sediment transport due to shoreface processes, overwash and

sediment distribution around the inlet,

∂xs,ext

∂t
= Fs,sf + Fs,ow + Fs,sd . (66)

Here, it is assumed that Qs is given by the CERC formula (Equation 25). In our model,

the only term of Qs depending on y is the shoreline orientation θ, with

tan θ =
∂xs

∂y
. (67)

So

∂Qs

∂y
=

∂Q

∂θ

∂θ

∂y
(68)
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and

∂Qs

∂θ
= kH12/5

s T 1/5
p cos1/5(ϕ0 − θ)

(
6

5
sin2(ϕ0 − θ)− cos2(ϕ0 − θ)

)
. (69)

For small angles θ, it follows that

∂θ

∂y
≃ ∂

∂y
tan θ =

∂

∂y

∂xs

∂y
=

∂2xs

∂y2
, (70)

yielding,

∂Qs

∂y
= kH12/5

s T 1/5
p cos1/5(ϕ0 − θ)

(
cos2(ϕ0 − θ)− 6

5
sin2(ϕ0 − θ)

)
∂2xs

∂y2
. (71)

The shoreline diffusivityD is defined by convolving the angular dependence of the diffusive

term in Equation 71 with the probability distribution in Equation 26 in order to generate

a diffusivity representative of the long-term average wave climate,

D =
k

(H +Dt)
H12/5

s T 1/5
p cos1/5(ϕ0 − θ)

(
cos2(ϕ0 − θ)− 6

5
sin2(ϕ0 − θ)

)
P (ϕ0) , (72)

yielding

∂xs

∂t
= D

∂2xs

∂y2
+ Fs,sf + Fs,ow + Fs,sd . (73)

Note that D may become negative, yielding a high-angle wave instability (Ashton et al.,

2001).

9. Initial and Boundary Conditions

Simulations are initialized with a barrier without inlets. The position of the seaward

shoreline x = xs is computed imposing the equilibrium shoreface slope between x = xt

and x = xs and adding a random perturbation following a uniform distribution between 0

and 1 m. The back-barrier shoreline is set such that the barrier width equals 200 m. The

barrier height is set to 2 m. These are representative values for barrier width and height
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(Mulhern et al., 2017; Leatherman, 1983). We apply periodic boundary conditions in the

alongshore direction.

10. Numerical Implementation

At each time step, we add all contributions to changes in xt, xb, Ainlet and H and we

solve their respective differential equations using an Euler forward method taking a time

step ∆t = 0.05 yr (∼ 18 days). We solve Equation 73 for xs using a Crank-Nicolson

scheme (Crank & Nicolson, 1947), where we apply periodic boundary conditions in the

alongshore direction (Nienhuis & Lorenzo-Trueba, 2019). The alongshore extent of the

domain covers 50 km with a grid size is taken as ∆y = 100 m.

Text S2.

Figures S4 and S5 show the alongshore fraction of the barrier lying below MSL that is

computed from the actual evolution of the barrier and assuming an equilibrium situation,

respectively. Note the differences at years 300 and 500 for higher rates of SLR and wave

heights. Situations depicted in white represent simulations that became unstable while

drowning and stopped before the year 500.

Simulations performed with the scenarios RCP2.6, RCP4.5 and RCP8.5 show the same

qualitative behavior as those with constant rates of SLR (see Figures S6, S7, S8). Note

that approximate equivalences can be made in terms of MSL between the three RCP

scenarios and the constant rates of SLR ξ = 5, 6, 10 mm/yr, respectively.
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Figure S1. Schematized model domain: (a) plan view highlighting the three moving bound-

aries (toe of the shoreface xt, shoreline xs and back-barrier shoreline xb) and barrier height H

as well as the sediment transports determining their evolution. Vectors indicate the direction of

potential changes, with the dot symbolizing barrier heightening. We use ẋ to represent the local

time derivative. (b) Cross-shore view of the barrier showing landward barrier migration in terms

of ẋs and ẋb. Modified from Nienhuis and Lorenzo-Trueba (2019).
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Figure S2. Mass balance box model defining inlet dynamics including sediment exchange with

updrift and downdrift tips of the barrier, as well as with the flood-tidal delta. Note that the

flood-tidal delta extends through the updrift barrier because it has been building up as the inlet

was migrating. Modified from Nienhuis and Ashton (2016).
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Figure S3. Implementation of inlet dynamics in the model: (a) Dependence of sediment

transport fractions on inlet momentum balance I. Parametrizations obtained by Nienhuis and

Ashton (2016). (b) Amplitude of the tidal current versus cross-sectional area of the inlet obtained

following Escoffier’s relationship. The situation depicted in grey only has one stable equilibrium

(green scatter at the origin), so the inlet will tend to become narrower until closing. The situation

depicted in black has two stable equilibria (green scatters), and one unstable equilibria (red

scatter). In this case, the inlet will tend toward one of the two stable equilibria, depending on

the region in which it is located.

Figure S4. Alongshore fraction of the barrier lying below MSL for different values of significant

wave height Hs and rate of SLR ξ̇ at years (a) 2100, (b) 2300 and (c) 2500. Values shown are

averages over five simulations.
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Figure S5. Alongshore fraction of the barrier lying below MSL computed assuming an

equilibrium situation for different values of significant wave height Hs and rate of SLR ξ̇ at years

(a) 2100, (b) 2300 and (c) 2500. Values shown are averages over five simulations.

Figure S6. Alongshore fraction of the barrier lying below MSL for different values of significant

wave height Hs and RCP scenarios at years (a) 2100, (b) 2300 and (c) 2500. Values shown are

averages over five simulations.
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Figure S7. Alongshore fraction of the barrier lying below MSL computed assuming an

equilibrium situation for different values of significant wave height Hs and RCP scenarios at

years (a) 2100, (b) 2300 and (c) 2500. Values shown are averages over five simulations.
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Figure S8. For different values of significant wave height Hs and RCP scenarios: color

plots of ∆F (a1,b1,c1), alongshore mean of barrier width Wb (a2,b2,c2), and number of inlets

(a3,b3,c3). All three quantities are shown at years 2100, 2300, 2500 (first, second and third

columns, respectively) and averaged over five simulations.
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