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ABSTRACT
o8 [ N Dao, T.; Stive, M.J.F.; Hofland, B., and Mai, T., 2018. Wave damping due to wooden fences along mangrove coasts.
.’............. Journal of Coastal Research, 34(6), 1317-1327. Coconut Creek (Florida), ISSN 0749-0208.
L X]
L]
In the Mekong Delta, as in many other mangrove settings, wooden fences are considered beneficial coastal structures to
M provide sheltering for mangrove replantation efforts by reducing waves and currents and promoting sedimentation. One
V> of the most quantitative previous studies on fence-induced wave reduction offered a first understanding of relevant

process parameters. The present application of the advanced numerical time-domain wave model SWASH increases this
understanding substantially and explains previously unexplained phenomena that were encountered in this earlier
study. The findings reveal that wave damping increases with increasing fence thickness and with increasing density of
the woody material in the fences. It further shows that the transmitted wave height (represented by the transmission
coefficient) is inversely proportional to the Ursell number, implying that nonlinear waves are damped more effectively.

www.JCRonline.org

ADDITIONAL INDEX WORDS: Coastal erosion, Mekong Delta, SWASH model.

INTRODUCTION

The Mekong River runs through five countries before
reaching Vietnam, where it eventually bifurcates into nine
river outlets, although presently only eight are left. It not only
covers an area of 39,000 km? but also is home to nearly 17
million inhabitants in Southern Vietnam. Because erosion
phenomena and mangrove losses have occurred at various
locations along the Mekong Delta coast for the past few
decades, many coastal structures, as well as coastal integrated
management plans, have been built to provide coastal
protection. Examples of coastal defenses along the coast are
illustrated in Figure 1B.

Mangrove forests play a major role as coastal defenses
given their capacity to dissipate waves and currents and to
trap sediments and nutrients. The relevant hydrodynamic
processes that are often described in the literature are waves
and tidal flow. The capacity of mangrove forests to dissipate
wave energy from storm surges and tsunamis is widely
reported (e.g., Alongi, 2008; Danielsen et al., 2005; Othman,
1994; Phan et al., 2015). The roots, trunks, and submerged
canopies obstruct the orbital motion of the water particles,
hindering the penetration of wave energy in the mangroves
forests. Thus, a denser mangrove forest provides larger wave
energy attenuation. The high friction generated by a
mangrove fringe also causes a reduction in alongshore tidal
flows, resulting in a net input of sediment inside a mangrove
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fringe (Truong, Ye, and Stive, 2017; Wattayakorn, Wolanski,
and Kjerfve, 1990).

Unfortunately, a significant reduction of mangrove area has
been observed in Southern Vietnam, causing severe erosion
along the Mekong Delta coast. During the Vietnam War (1962—
71), 40% of mangrove forests were eradicated (Hong and San,
1993), of which nearly 120,000 ha of about 600,000 ha of all
mangrove-forest regions were lost because of defoliant use.
With both natural regeneration and manual planning, man-
grove forests had recovered gradually in 1975. However, timber
overexploitation for charcoal and construction and conversion
of forest into land use and aquaculture shrimp ponds again
destroyed almost 50% of mangrove forests during the period
1980 to 2006 (e.g., Christensen, Tarp, and Hjortso, 2008; Hong
and San, 1993; Joffre and Schmitt, 2010; Nguyen et al., 2013).
For example, most original mangrove land was transformed
into aquaculture land in 2015 along the Mekong Delta coast
(Figure 1A). According to Duke et al. (2010), about 30 km of the
mainland coast in Kien Giang was active and severe erosion
from 2009 to 2010, leading to serious issues such as around 25
m of coastline in the Hon Dat district that retreated and 8 km of
earthen dikes that partially eroded.

To protect valuable land from erosion, many coastal
protection projects have been undertaken along the Mekong
Delta coast (Figure 1B). A conventional Vietnamese approach
to prevent storm surge, storm erosion, and chronic erosion has
been to build solid structures, such as revetments (Figure 1B
(1), (2)) and seawalls (Figure 1B (3)). However, from a coastal
engineering perspective, such structures are not only techni-
cally challenging and cost intensive to apply (Schmitt and
Albers, 2014) but also might negatively affect the sediment
budget of the coast. Alternatively, salt marshes, combined with
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Figure 1. (A) Categories of land use along the Mekong Delta coast in 2015 (Phan, 2016). (B) Distribution of coastal defenses along the Mekong Delta coast. (1) and
(2) Revetments at Ganh Hao, Bac Lieu Province (photo by GIZ Bac Lieu, 2013) and Tra Vinh Province (photo by Phuong Duong Thuy), respectively. (3) Seawall at
Ganh Hao, Bac Lieu Province (photo by GIZ Bac Lieu). (4) Melaleuca barriers in Kien Giang province (Russell et al., 2012; photo by GIZ Kien Giang). (5) Bamboo
fence at Nha Mat in Bac Lieu Province and Vinh Tan Commune, Soc Trang Province (photo by Tung Dao, 2016). (Color for this figure is available in the online

version of this article.)

soft protection elements, such as brushwood and wooden poles
(Figure 1B (4), (5)), could be considered instead of or
complementary to hard structures to protect erosive coastlines.
For example, soft coastal defenses have been applied since the
13th century along European estuarine and lagoon coasts.
During the 13th and 14th centuries, severe storm surges
caused massive land losses, but farmers living along the coast
gradually reclaimed land losses by using accretion techniques,
such as digging drainage ditches and building small dams in
the early 16th century (Bakker et al., 2002). The purpose of
land reclamations for agricultural cultivation continued until
the 1940s to 1960s (Schmitt and Albers, 2014). After this, the
governments of both Germany and the Netherlands took
responsibility for land accretion, promoting sedimentation in
brushwood-fenced tidal flat areas for safety against flooding
(Dijkema, 1983). Present brushwood fencing in mangrove
replantation projects is the mangrove counterpart of salt
marsh recruitment, like the Dutch kwelders where brushwood
fences have been used for ages to stimulate sedimentation. To
stimulate the implementation of soft protection methods in the
context of the Mekong Delta, Deutsche Gesellschaft fiir
Internationale Zusammenarbeit (GiZ) sponsored two projects
in the period 2008-14, viz. Management of Natural Resources

in the Coastal Zone of Soc Trang Province, Vietnam, and
Mangrove Rehabilitation in the Mekong Delta.

Hydrodynamics of the Mekong Delta Coast

The Mekong Delta coastal environment is historically
classified as a tide-dominated environment; however, waves
are increasingly becoming more effective than the tide (Ta et
al., 2002). In the region of the South China Sea, also known as
the East Sea, the tide has a semidiurnal character ranging
from more than 2.0 m at mean tide to 4.0 m at spring tide. Along
the coast, the tidal range reduces toward Ca Mau Cape and the
number of tidal days and the diurnal characteristics increase
(Phan et al., 2015). According to Hoang and Nguyen (2006), the
NE monsoon is dominating in the winter (November—April)
and the SW monsoon is dominant in the summer (May—
October). During the SW monsoon, the average significant
wave heights (H, ,,), are lower than 5.0 m (Figure 2A), and the
average wave peak periods (T}, av) are 6.0 seconds (Figure 2B).
Meanwhile, maximum significant wave heights and peak
periods (H; max and T}, max) correspond to 10.5 m and 11.5
seconds, respectively, in the NE monsoon (Figure 2).

The east of the Mekong Delta coast, Soc Trang coast, in
particular, is a special coast with extremely gently sloping
foreshores (1/30,000; Phan et al., 2015). Therefore, even though
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Figure 2. Monthly offshore wave characteristics at Bach Ho station (150 km
offshore from the east side of the Mekong Delta coast, Figure 1A). Wave
heights and periods were collected from 1986 to 2000 (Hoang and Nguyen,
2006).

waves from offshore can be large, this particular gentle and
shallow foreshore causes a strong dissipation of the wave
heights during wave propagations toward the shore because of
breaking processes. Short waves with a frequency related to
the primary wind waves lose substantial energy, while longer
waves, such as swells and infragravity waves, are dissipated
more slowly and can even exceed the short-wave heights in the
nearshore (Phan et al., 2015).

Literature Review

Many studies have been carried out to investigate wave
interaction with porous structures using numerical and
physical models (Harada, Imamura, and Hiraishi, 2002; Sollitt
and Cross, 1972). The initial waves seaward of a porous
structure are composed of incident and reflected waves because
of the interaction with the structure face. A small amount of
wave energy will be lost because of breaking and dissipation
inside the structure, and the remaining energy will be
transmitted beyond the porous structure (Sollitt and Cross,
1972). Karim, Tanimoto, and Hieu (2004) conclude for vertical
structures that structure width and porosity influence the
amount of wave reflection and transmitted wave height,
respectively. However, the preceding studies mostly consider
small-scale experiments and a vertical orientation of the
branches in the fence structure. The following focuses on
studies of wave reduction due to porous fences using a
particular material, such as melaleuca and bamboo, which is
applied with a horizontal orientation.

Halide, Brinkman, and Ridd (2004) studied wave attenuation
in vertical bamboo cylinder fields with widths varying from 15
to 90 m as the wave attenuator to protect mangrove forests.
These authors used a numerical model to demonstrate the
degree of wave dissipation within bamboo fields that have of a
spatial density of 1, 2, and 4 cylinders per square meter and a

bamboo diameter of 2, 4, and 8 cm, resulting in a porosity
ranging from 90% to 96%. Their numerical model results
confirmed the physical expectation that the larger the diameter
and the denser the bamboo density, the larger the wave
attenuation. These authors concluded that a bamboo field of 90
m with a spatial density of one pole of a 4-cm diameter per 1 m?
was needed to achieve 50% incident wave attenuation. These
authors scaled the spatial wave attenuation with the wave-
length. However, the broader validity of this scaling was not
explored.

Van Cuong et al. (2015) proposed applying a local wooden
material melaleuca, used for housing and furniture, in fences
as soft wave barriers. The purposes of these fences are to
protect and increase sedimentation for young mangrove
replantation along erosive shorelines in Kien Giang Province
(Figure 1B (4)). The fences are assumed to decrease wave
energy and thereby promote sedimentation of finer sediments
and mud. Two designs were studied in situ. The basic design
used a wave barrier fence 60 m offshore, consisting of two rows
of melaleuca poles and bunches of tree branches and small-
diameter poles between a 0.5-m gap. The other extended design
used additional silt traps 20 m offshore that consisted of
bamboo mats and fine fishing nets overlaying the seabed to
increase sediment accretion rates. Whereas the impact of the
melaleuca fences on sedimentation and survival of mangroves
was indicated in detail, Van Cuong et al. (2015) only mentioned
that the melaleuca fence immediately damped 56% of the
incoming wave height. Three years of observation from 2009 to
2012 revealed significant mud accumulation in newly estab-
lished mangrove seedling fields. The mud deposition inside the
fenced areas increased significantly by 0.44 and 0.42 m in the
basic design and the extended design, respectively. Unfortu-
nately, there was no convincing evidence of wave datasets
presented for wave reduction findings.

The strength and flexibility of bamboo and melaleuca differ
distinctively. In developing countries, bamboo is used for
household items and transport structures such as housing
and bridges. From a coastal engineering point of view, the
relatively cheap material bamboo has been shown to have
superior strength and durability under strong wave conditions
(Okubo, Fujii, and Yamamoto, 2004), while melaleuca can be
destroyed easily under the same conditions. Research by
Schmitt et al. (2013) and Albers, San, and Schmitt (2013)
describes a site-specific approach for mangrove rehabilitation
and replantation, in combination with bamboo breakwaters
(bamboo T-fences), at erosive coasts in the Soc Trang Province,
Vietnam (Figure 1B (5)). The following discussions concentrate
on their study of wave damping through bamboo fences.

Using structures similar to the melaleuca fences, bamboo
fences of two rows of vertical bamboo poles were investigated
earlier in a wave flume with three main porosities of 4%, 16%,
and 76% at a scale of 1:20 (Albers and Von Lieberman, 2011) to
select the best design before deploying this at active erosion
areas in the Vinh Tan Commune in Soc Trang Province. The
selected design consisted of two rows of vertical 8-cm-diameter
bamboo poles with the flexible and stiff brushwood inserted
between the 40- to 50-cm gap of the pole rows to decrease the
porosity (Figure 3).
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Figure 3. Fence in the field (photo by Tung Dao, 2016). The brushwood was filled to the top of the fence at the beginning but eventually washed out by waves and

currents. (Color for this figure is available in the online version of this article.)

To investigate wave transmission through bamboo fences,
wave measurements were collected in a cross-shore profile
section in which incident waves propagated perpendicularly to
the fence in both laboratory and field experiments. Wave
heights were collected at a distance approximately 5.0 m from
the bamboo fence on both the landward and the seaward side.
Following the literature on wave transmission through porous
breakwaters, a transmission coefficient and a freeboard
parameter were used to present the results. The transmission
coefficient K, is the ratio of transmitted wave height H, r and
total (incoming and reflected) initial wave height H:

HS,T

K= 1)

The difference between incident wave height and initial
wave height is discussed later in “Results.” The freeboard R,

Wave direction
—D
Wave generator

Figure 4. Physical modeling setup (Albers and Von Lieberman, 2011),
where, H; r and H; are transmitted and initial wave heights, respectively. Hy
is the fence height, and d is the water depth.

is the distance between still water level and fence crest
(Figure 4). Fences can be submerged or emerged, represented
by a negative or positive value of the relative freeboard,
respectively.

Schmitt et al. (2013) plotted the transmission coefficient K;
against the relative freeboard R./H,, as shown in Figure 5.
When the fences were well submerged, with the ratio R./H
ranging from —2.5 to —1.0, wave heights reduced by 25% with
stiff brushwood (blue lines) and by 30% with flexible brushwood
(red lines). When the fence height increases, with the ratio R,/
H, ranging from —1.0 to 6.0, the wave transmission rate
decreases. For stiff brushwood, the transmission coefficient
decreased linearly from 0.75 to 0.55 in the ratio R/H, ranging
from —1.0 to 1.0. For well-emerged fences (R./H; > 1), the mean
transmission coefficients were 0.55 and 0.3 for the stiff and the
flexible brushwood, respectively. In the ratio R./H, ranging
from 1.5 to 3.0, the wave reduction has a scatter between 35% to
55% in the case of stiff brushwood. In addition, the physical
modeling data (magenta diamonds) showed a larger reduction
of wave height behind the fences. In the ratio R/H, ranging
from —1.5 to —1.0, wave heights reduced almost 0% (K,=1.0). In
contrast, wave heights reduced by 80% to 90% in the ratio R./H
ranging from 1.0 to 4.5. This is because of the relatively high
density of the fences in comparison with the field (Albers, San,
and Schmitt, 2013).

Whereas a first-order representation of wave damping
because of wooden fences was described by presenting wave
transmission as a function of relative freeboard and brushwood
density, an explanation of second-order effects, as suggested by
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Figure 5. Wave transmission coefficient against relative freeboard; replotted after Schmitt e¢ al. (2013). (Color for this figure is available in the online version of

this article.)

the scatter clusters, remained intriguingly unknown. In Figure
5, the scatter clusters of stiff brushwood of K; vary over small
ranges of relative freeboard, and this variation is clearer than
in other data sets, e.g., flexible brushwood, and physical
experiments. It is hypothesized that other parameters such
as wave nonlinearity, represented by a combination of wave
steepness and relative water depth (the Ursell number; see
“Results”), and fence thicknesses play a role. Although a
snapshot of the significant wave height time series on the
seaward and landward sides of the bamboo fence is presented,
additional required parameters such as wave periods are not
available.

In this study, therefore, a numerical time-domain wave
model was validated and applied to test the mentioned
hypotheses: (1) nonlinear waves are decreased more effectively,
and (2) wave transmission depends on nondimensional fence
thickness and increases with increasing relative thickness. The
parameters used to investigate these hypotheses are wave
nonlinearity and fence thickness made nondimensional by
wavelength.

METHODS
After a description of the study site and the wooden fences in
their local and international contexts, a numerical wave model
is applied to investigate in more detail wave reduction due to
the fences. In particular, the open-source model Simulating
Waves till Shore (SWASH), various input parameters, and
scenarios are introduced.

SWASH Model

SWASH is an advanced numerical, multidimensional time-
domain model for simulating nonhydrostatic, free-surface flow
based on the nonlinear shallow water equations (Zijlema,
Stelling, and Smit, 2011). SWASH can accurately account for

breaking processes in the nearshore (Smit, Zijlema, and
Stelling, 2013).

The SWASH model is used for studying wave propagation in
a cross-shore profile; hence, the governing equations are:

u
x

ow

=0 @

n
am aJ [ _
g‘#a/ udz =0 (3)
—d

ow  dJuw dww 19(Pnyn) 0T | 0Ta

w =0 (4
ot ax 0z p 0z 0z ax

du ouu  dwu  19(Pn+Pan) 0T 0T

it Rt W Sl S Ml .V =0 5

6t+8x+az Jrp ax aerax (®)

where, x is the horizontal coordinate and z is the upward
coordinate relative to the still water level. u and w are
horizontal and vertical velocities, respectively. n is the free
surface elevation relative to the still water level, and ¢ is the
time. The pressure contribution P is separated into the
hydrostatic pressure P, and nonhydrostatic pressure Pj.
The turbulent stresses t are calculated from a constant
turbulent viscosity.

At the bottom boundary, a bottom stress is applied, following
a quadratic friction law, as:

U|u|
n+d

W = Cf (6)
where, U is the depth-averaged velocity; c; is the friction
coefficient, which is based on Manning’s roughness coefficient n
(Zijlema, Stelling, and Smit, 2011):
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Table 1. Input parameters for SWASH.

Fence Thicknesses By (m)

Shallow Water Depth d (m)

0.40 0.44 0.48 0.52 0.56 0.60 0.64 0.20 0.25 0.40
Wave Periods T}, (s) Initial Wave Heights H,,o (m)
1.4 1.6 1.7 1.8 2.0 2.1 2.3 0.03 0.06 0.08
n’g be applied in the simulation (Table 1). Fence height was applied
= dl /3 (7) at 0.25 m to define a mean vegetation height that was originally

In the horizontal direction, a spatial resolution (Ax) of 0.02 m
was applied, which is about 1/100 of the peak wavelength L,,.
Similar to the cross-shore direction, the vertical grid was set to
three layers along with the Keller-box scheme (as a default
setting) to increase wave dispersion accuracy (Zijlema and
Stelling, 2005). A time step of 0.0001 second was employed
(corresponding to a Courant number of approximately 0.3). In
this study, the background viscosity was set to 3.10™* m%s
within three layers that accounted for all forms of resolved
vertical mixing. A constant bottom friction coefficient of 0.002
was applied. Other default settings in SWASH were used as
much as possible.

For the fencing setup, vegetation settings used for wave
energy attenuation due to vegetation were applied. Wave
energy attenuation by vegetation area is included as a drag
force:

1 my/n
Co = (IT B 1) (&, — DN,b, oy ®

where, Cp, b,, and N, are the vegetation drag coefficient, the
diameter, and the spatial density, respectively; H . is the root-
mean-square wave height (in meters); m is the foreshore slope;
o is the mean relative height coefficient; and K, and Kg,
presented as Equations (9) and (10), are the dissipation
coefficient of vegetation and the shoaling coefficient following
Green’s Law, respectively:

K, =dy/*d* 9)

1
14 2o (gt - 1)

(10)

U

g _ 2Cobul,
=T

Assuming that wooden fences with a similarity to rigid
vegetation settings can be considered, representing the fence
properties through three main parameters, viz. the mean
vegetation height as fence height Hy, the vegetation diameter
Dy, and a spatial density N, as the number of cylinders per
square meter. The Albers and Von Lieberman (2011) experi-
ment informed the idea of using porosity in realistic fence
design, but the supported data of the fences is not available, a
cross-sectional porosity of 60% can be only assumed, to receive
higher ratio of wave transmission, as well as to avoid too much
reflection. Since the porosity is applied and the chosen density
is at 1600 cylinders per square meter and a cylinder diameter
Dyof 0.01 m, various fence thicknesses Brfrom 0.4 to 0.64 m can

(11)

described with three layers (crow, stem, and root). Other
parameters were set as default.

Input Parameters and Scenarios

The study by Phan et al. (2015) teaches that gentle foreshore
slopes create unique conditions when reaching shallow water
depths at the entrance of coastal mangrove fields. The gentle
slopes dissipate the short-wave energy and increase the long-
wave energy, such that at the entrance to the mangrove forest,
these energies are of the same order of magnitude, and their
negative correlation changes into a positive one (Roelvink and
Stive, 1989). Unfortunately, it is virtually impossible to scale
the extremely gentle slopes of the Mekong Delta in a wave
flume, such as the one available in the Delft University of
Technology in which experiments are being prepared for
physical tests of wave attenuation through fences. The
generation of free long waves, which is important on gentle
slopes, is mimicked by forcing a wave train with bound long
waves to break at a steep slope (Buckley et al., 2015; Smit,
Zijlema, and Stelling, 2013; Tsai et al., 2005). Figure 6
describes the profile applied in SWASH at laboratory-scale
dimensions. At the left side, a wave-generation boundary
condition is applied using second-order wave theory to generate
low-frequency waves. At the right side, a sponge layer is set to
absorb all incoming waves and to avoid reflection of waves back
to the fence.

Three water levels, including emerged and submerged cases,
are considered. While the fence height Hywas held constant at
0.25 m, the different water levels create both emerged and
submerged fences. Seven fence thicknesses By were used. Wave
periods with a range from 1.4 to 2.3 seconds are based on the
Joint North Sea Wave Project (JONSWAP) spectrum as default
settings, and then for each scenario, the wave height H,.,,o and
still water level are kept constant. The input parameters are
presented in Table 1; hence, 63 scenarios are simulated.

RESULTS

In the analysis of the simulation results, a cutoff frequency
feutort Was used at 0.3 Hz to distinguish the short-wave
frequency as fsw > feutorr and the long-wave frequency as
0.005 < fiw < feutofr- Input parameters were chosen as H,,,o =
0.08 m, T}, =2.1 seconds, and B;=0.6 m for the comparison with
and without a fence and for the comparison short waves and
long waves. Subsequently, the effect of fences on the damping
of nonlinear waves is discussed.

Wave Damping for Different Freeboards

Figure 7 describes the short-wave attenuation through a
fence compared with the attenuation in the absence of a fence
for three water levels, representing three freeboards. In
general, waves start to break at x = 15 m after shoaling in
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Figure 6. The SWASH profile presented at laboratory-scale dimensions. The wave maker and wave absorber are located at x =0 m and x =37 m, respectively. The
fence is located at x =25 m from seaward. The water level is at 0.7 m corresponding to emerged fences in deep part and is at 0.2 m in the shallow part. The crosses

mark the 30 output points along the profile.

two cases. In the absence of a fence (solid line), incident short-
wave heights H,; gradually attenuate and dissipate at the
sponge layer. With the appearance of the fences at x = 25 m,
slight reflections occur in front of the fence. Following Goda and
Suzuki (1976), the reflection coefficient is calculated as follows:

Kp = ,/(i‘L/HSJ)2 -1 (12)

Here the incident short-wave height H, ; was calculated from
the case without a fence and the (total) initial wave height H;
both incident and reflected wave heights were calculated from
the case with a fence at x =20 m (and thus outside the standing
wave pattern). Kr was subsequently calculated for the chosen
case. Reflected wave heights were 0.013, 0.027, and 0.02 m in
water depths of 0.2, 0.25, and 0.4 m, respectively. Subsequent-
ly, reflection coefficients were 0.16, 0.32, and 0.24.

The evolution of the short-wave wave heights is shown in
Figure 7. The transmitted wave height H,,, s decreases with
the increase of water depth; for example, H,,or reduces by

Water depth in the shallow zone, d = 0.20 m
—T T T T T T T T T T

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
d=0.40 m
T

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

(2)_ =
2+ Ik

4

6

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
x-coordinates
Figure 7. Short-wave height attenuation without a fence (solid line) and

with a fence (dashed line) along the profile for three water levels: H,,, =0.08
m, T, =2.1s, B;=0.6 m.

roughly 30%, 20%, and 10% for water depths of 0.2, 0.25, and
0.4 m, respectively.

Effects of Wave Nonlinearity and Fence Thickness on
the Damping of Waves

The impact of a fence on reducing short waves is most simply
indicated by the transmission coefficient K, as defined by
Equation (1). To calculate this coefficient, initial wave heights
and transmitted wave heights were chosen at a location 5.0 m
in front of and behind the fence following Schmitt et al. (2013).
It is hypothesized that the more nonlinear the waves are, the
stronger the damping is. To estimate the degree of nonlinearity
of the waves, the combination of wave steepness and relative
water depth (Doering and Bowen, 1995) is chosen as embedded
in the Ursell number as:

H,,0L?

U, = pE d (13)
where, H,,, is the initial significant wave height calculated by
H,,o=4\/mg, with m as the zeroth order of moments. L, and d
are the peak wavelength and the water depth, respectively.

The transmission coefficient of short waves K; gw in different
water depths is plotted against the Ursell number in Figure 8.
As can be seen, the transmission coefficient of short waves
decreases linearly with the increase of Ursell number and
relative fence thickness B/L,. In particular, wave heights
reduce up to 10% in the submerged case (d =0.4 m) with a range
of Ursell from 2 to 14 corresponding to B/L,, from 0.15 to 0.2.
Larger wave reduction appears in emerged cases (d = 0.2 and
0.25 m) within a higher range of Ursell numbers from 6 to 30
and By/L,, from 0.2 to 0.32. In general, it can be said that the
wave height reduces with the increase of the Ursell number
and B/L,; for example, the highest short-wave reduction of
almost 30% is reached at the highest Ursell number of 30 and at
the highest range of B/L,, from 0.28 to 0.32.

A second hypothesis is that the larger the ratio of relative
fence thickness B/L,, the stronger the wave damping. This
hypothesis is strengthened by the grouping of the data in
Figure 8 for B//L, ratio ranges. By plotting the transmission
coefficient against the product of the Ursell number and
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Figure 8. The relation of short-wave transmission coefficient and Ursell
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Figure 10. Significant short-wave heights H,,o sw (solid line) and long-wave
heights H,,0 1w (dash-dotted line) along the profile for three water levels. The
fence located at x =25 m is presented by the dashed line for H,,,0=0.08 m, T},
=2.1s,and B;=0.6 m.

dimensionless fence thickness, the joint effect of both fence
thickness and nonlinearity on wave damping is revealed,
suggesting a nearly linear correlation (Figure 9).

High-Frequency and Low-Frequency Wave
Transformation

Significant short-wave heights H,,0sw and long-wave
heights H,,0 1.w along the profile are presented for three water
levels in Figure 10. In general, short waves and wave groups
mostly dissipate and release free long waves from incident-
bound long waves after breaking (Longuet-Higgins and
Stewart, 1962). Up to the breaking point at x = 14 m, both
short waves and long waves are increasing because of shoaling
and are reflected slightly in front of the fence (at x = 25 m).
While short waves reduce 30%, 20%, and 10% corresponding to
the increase of water levels from 0.20 to 0.40 m in the shallow

0.7 I L L |
0 2 4 6 8 10

H

3
mmB erAsw/d [l

Figure 9. Relation of short-wave transmission coefficient and the product of
Ursell number and fence thickness.

zone, the standing long-wave height pattern increases after
passing through the fence.

In conclusion, the results show that the amount of transmit-
ted wave energy is affected not only by fence thicknesses but
also by wave characteristics representing the nonlinearity
degree. The more nonlinear the waves and the larger the ratio
of By, the higher the short-wave reduction. For example, the
maximum dissipation rate is 30% corresponding to the highest
degree of Ursell number and the largest ratio of By = 0.32.
Although the fence considerably affects the short waves, it
shows minor effects on the long waves.

DISCUSSION

The freeboard R, was used as a main parameter to explain
wave reduction behind a fence by Schmitt et al. (2013).
However, the reason for the large scatter of the transmission
coefficient remained unknown. Therefore, the computation
outputs were compared to their results in Figure 11, in which
transmission coefficients are plotted against the relative
freeboards.

From the simulation results (black—yellow circles), it appears
that the reduction of short-wave heights increases proportion-
ally with the decrease of water levels. Short-wave heights
reduce 10% in the range of R./H, from —5.5 to —1.5, in which the
fence is greatly submerged. In contrast, when water levels are
lower than the fence crest, the waves are more nonlinear
because of shallow water effects, leading to an increase of wave
reduction. This reduction increases from 5% to 30% in the
range of R/H from —0.5 to 0.5, with a maximum 30% wave
reduction for the largest nonlinear degree with the R./H
approximate 0.5. However, there is an increase of transmission
coefficient from 0.75 to 0.90 in the range of R./H, from 0.5 to 1.5.
This is because the positive value of the freeboard smaller wave
heights becomes less nonlinear, leading to a small reduction,
i.e. K,=0.7 at R/H,=0.5 compared with K,=0.9 at R/H,=1.5.

There are matching trends between the simulation results
and the Schmitt et al. (2013) results. When the fence is greatly
submerged corresponding to the range of R./H; under —0.5,
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Figure 11. Simulation data (black—yellow circles) compared to field data for
stiff brushwood (black—blue circles). (Color for this figure is available in the
online version of this article.)

wave heights decrease slightly by about 10% for both the
simulations and the Schmitt et al. (2013) results. In the range
of R./H, of —1.0 to 1.0, wave reduction from both simulations
and field measurement reduces steeply about 25%, e.g., the
reduction is from 95% to 70% for the simulations and from 75%
to 50% for the stiff brushwood. Then, an increase of
transmission coefficient of 0.1 occurs in the range of R./Hj
from 0.5 to 1.5, e.g., K, increases from 0.75 to 0.85 for the

simulation and from 0.5 to 0.6 for the stiff brushwood.
However, the amounts of wave reduction from the simulations
are nearly 30% less than those of Schmitt et al. (2013), most
likely because of the bottom friction effect. The applied bottom
friction in SWASH is smaller than a realistic friction in the
Mekong Delta. When fences are greatly submerged, the wave
reduction for wave measurement is 20% more than in the
simulation. It is obvious that for the emerged fence case, wave
reduction in reality is still higher than in the simulations.

As mentioned in the literature review, both Van Cuong et al.
(2015) and Schmitt et al. (2013) attempted to formulate a site-
specific management approach for mangrove replantation at
erosional sites. However, the role of sediment transport is not
discussed. Long waves have been recognized as an important
controlling factor for net sediment transport (Baldock, Man-
oonvoravong, and Pham, 2010). This net transport is propor-
tional to the odd moment <u|u|>> (Bosboom and Stive, 2012),
where, u is the velocity close to the bed consisting of a time-
averaged velocity (i), a short-wave averaged oscillatory motion
of short waves (ugw), and low-frequency motion at wave-group
scale (urw). The term u? is related to the sediment concentra-
tion stirred up by the oscillatory wave motion and is
proportional to the wave height in the shallow water. In the
photo taken at Nha Mat in Bac Lieu Province coast during the
flood (Figure 12), shorter waves, appearing farther offshore,
were mostly obstructed by the bamboo fence placed just inshore
of the building, while longer waves continued passing through
until reaching the coast. These long waves may play a major
role for a net import of sediment into the fenced site. Future
work will focus on this mechanism and the role of long waves.

Figure 12. Wave patterns behind a wooden fence at Nha Mat in Bac Lieu Province (photo by Tung Dao, 2016). The bamboo fence is located parallel to the coast
and just inshore of the building. (Color for this figure is available in the online version of this article.)

Journal of Coastal Research, Vol. 34, No. 6, 2018

Downloaded From: https://bioone.org/journals/Journal-of-Coastal-Research on 01 May 2020
Terms of Use: https://bioone.org/terms-of-uselAccess provided by Technische Universiteit Delft



1326 Dao et al.

CONCLUSIONS

In the Mekong Delta, as in many other mangrove settings,
wooden fences are considered beneficial coastal structures to
provide sheltering for mangrove replantation efforts by
reducing waves and currents and promoting sedimentation.
The study from Schmitt et al. (2013) reveals a wave reduction
behind fences as much as 50%. Their analysis introduces the
freeboard parameter R, as a prime parameter to explain fence-
induced wave reduction. However, the degree of wave
nonlinearity and the nondimensional fence thickness are more
important parameters for dimensionless freeboards.

The transmitted wave height decreases with the increase of
the Ursell number and the relative fence thickness B/L,,. When
the Ursell number is below 16, the wave transmission
coefficient varies from 0.95 to 0.90 for the range of B/L,, from
0.15 to 0.20 for submerged cases. With higher Ursell numbers
from 16 to 30, K; varies from 0.85 to 0.70 for the emerged cases.

Schmitt et al. (2013) use only the freeboard R. as an
important parameter, inspired by wave transmission over
permeable structures. The present results reveal the impor-
tance of other parameters, i.e. the wave nonlinearity and the
relative fence thickness. In addition, fence porosity may affect
wave damping. Future work will focus on this parameter.

Fences can reduce short waves effectively, whereas they only
yield a minor effect on long waves. Even though it is
hypothesized that highly nonlinear waves are damped effec-
tively, long waves are still the exception and this will be studied
in future work.
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