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Abstract: Among the soft solutions to protect the coast from wave impacts, the effectiveness of
mangrove forests mainly depends on the mangrove belt width, species of mangroves, the density
and the tree age. This study evaluates the ability of two popular mangrove species in the North of
Vietnam, S. caseolaris and K. obovata, in dissipating monsoon waves affecting Hau Loc coast in
Vietnam using the SWAN model. The study found that S. caseolaris is more effective in attenuating
waves, showing 72%—82% wave height reduction (considering a mangrove belt width of 350 m,
plant aged 5-9 years and a survival rate of 80%). The calculated results are compatible with the
study of Bao (2011). In the sea-level rise condition, the forest reduces over 60-70% of incoming
wave height, the wave height behind the mangrove forest rises by 2.3 cm. Therefore climate change
should be considered when mangroves forests are planted to stabilize the local coastline.
Keywords: mangrove forest; wave attenuation; sea-level rise, SWAN model, Hau Loc.

1. INTRODUCTION northern Vietnam coast planted mangroves
Mangrove forests play an important role in species, such as Somneratia  caseolaris
riverbanks and coastlines protection and climate (Vietnamese name: Ban chua) and Kandelia
regulation. Vietnam has a long coastline and obovata (Vietnamese name: Trang), to protect the
suitable conditions for mangrove development. In  shore and coastal dikes.
the early 20th century, local inhabitants of the
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Figure 1. The study area in northern Vietnam coast and Google Earth image of the area
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Located in Thanh Hoa Province, the coast of Hau Loc (20.0°N, 106.0°E) stretches between
the Len and Lach Truong rivers. The area is
'Department of International Cooperation, Thuyloi  affected by storm yearly, and a 22 km-long sea-
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mangrove forest belt, containing mostly S.
caseolaris and K.obovata species, had been
planted to support the sea dike. The role of
mangroves in wave attenuation has early been
realised by the local people, especially from the
experiences of typhoons No. 7 in 2005 and No.
5 in 2007. The sections of the dike being
protected by mangroves were not destroyed by
high waves, while those unprotected sections
were broken because waves directly attacked the
dike slope. Similarly, during typhoon Frankie
(July 1996) landed on the nearby Thai Binh
Province, the sea dikes in Tien Hai were
severely damaged as a result of the mangrove
deforestation to make shrimp ponds.

Therefore it is clear that planting mangrove
forests is an effective solution to maintain and
strengthen the Hau Loc dike system lying
behind. However, as S. caseolaris trees were
planted in 2009 with a density of only 1600 ha™
!, the mangrove plants remain quite sparse and
are inadequate to protect the sea-dike.

The paper will present the capability in
reducing waves of the local mangrove belt,
while examining various vegetation parameters
affecting wave reduction. Also, the impact of
climate change on the mangrove forest and
estimation of the wave attenuation, taking into
account the sea-level rise, will be dealt with.

2. MATERIAL AND METHODS

2.1. The general approach

The workflow can be roughly defined as a
series of the following steps:

- Data collection: bathymetry, wind, wave,
tide and mangrove locations and features

- Run a nearshore wave model to obtaining
nearshore wave characteristics

- Run a wave-vegetation interaction module
to get the wave parameters behind the
mangrove belt

- Establish a relationship between wave
reduction and parameters of the mangrove belt

- Select an optimal plan for mangrove belt
planting based on the design wave height in
front of the dike / close to the shore.

According to Rasmeemasmuang and Sasaki

(2015), a mangrove forest provides three main
mechanisms to attenuate waves propagating
through it: a) drag force on wind due to
branches and leaves, b) drag force on waves
due to trunks and roots, and c¢) bed friction. Of
which, both drag force components are difficult
to estimate, and often wave attenuation are
evaluated based on the cross-shore distribution
of wave height. This approach has been used in
physical scale modelling (Tuyen and Hung,
2009) and field surveys (Mazda et al. 2006;
Bao 2011).

In this paper, the wave attenuation is
calculated using SWAN model — a third-
generation wave model for obtaining realistic
estimates of wave parameters in coastal areas,
lakes and estuaries from given bathymetry data,
wind, tidal water level, and offshore wave
conditions. The model is based on the wave
action balance equation with sources and sinks
(Holthuijsen et al., 2006). Within SWAN
model, the SWAN-VEG module calculate wave
dissipation due to vegetation, in which
mangroves are modelled as cylindrical obstacles
(Suzuki, 2011). The vegetation drag force
causes energy loss, which is represented by an
energy dissipation term. This term is added to
the original SWAN model.

2.2 Data for wave simulation

The bathymetry data of the study area was
obtained from the Institute of Mechanics,
surveyed in 2010. Wave data were extracted
from the NOAA Wave Watch III database at the
nearest sampling location (19.5°N, 106.5°E).
Wind data were derived from the online service
‘WindFinder’ (Windfinder, 2018). The average
wind speeds in summers and winters are almost
similar, about 3 m/s. The water level data was
collected in 2015 at the Sam-Son gauging
station (19°45'N, 105°54'E), which is near the
study area.

The conditions for planting mangroves are
detailed in a guideline by VAWR (2011). For
two local species — S. caseolaris and K. obovata
- the water level should be low enough for the
plants to be exposed more than 6 hours per day.
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In the study site, the designed bed level for
planting mangroves is from —0.6 m to —0.1 m.
The width of the designed mangroves belt is
350 m. The tree density is also given. Another
model parameter is the tree height; it
corresponds to the age of the mangrove (5-year-
old and 9-year-old trees) and its values are
shown in Table 3.

2.3 Wave model set-up

The computation domain of the wave model
is rectangular, which is 24,200 m alongshore
and 26,100 m cross-shore. The grid is rotated by
45°. The grid cell size is 50 m x 100 m. The
water depth along the offshore boundary may
reach 20 m. Wave simulation is performed for

the typical long-term hydro-meteorological
conditions: wave, wind and water level
parameters corresponding to SE monsoon

(SCN1) and NE monsoon (SCN2).

Offshore boundary and forcing

Based on the measured data series, the water
levels input data for SCNI corresponding to
high tide in summers and SCN2 representative
for winters are determined (see Table 1).

The offshore wave parameters include
significant wave height H,, wave period 7,
and incident wave angle 6. It can be
identified, from the long-term wave statistics,
that there are two dominant wave directions:
ENE (corresponding to the NE monsoon) and
SE (corresponding to the SE monsoon). For
each direction, the total effect of different
classes of wave heights can be quantified using
a representative “morphological wave height”
(Hmor) (De Vriend et al., 1993):

o :[Z(p,H,.)z'SJ (1)
—Zp[.

Thus for ENE waves, Hpo = 1.08 m, and for
SE waves, Hpor = 0.86 m (see Table 1).

The wave periods are estimated from the
morphological wave heights (Hmor) through their
bivariate relationship, which results in 5.5 s (for
ENE waves) and 5 s (for SE waves).

Waves entering SE boundary of the model
conform to a JONSWAP spectrum, with wave
directions being 67.5° (ENE waves) and 135°
(SE waves).

Table 1. Input data for wave simulation using the SWAN model

Input parameters SCN1 . SCN2
Summer monsoon Winter monsoon
Water level (m) 1.36 1.79
Sig. wave height, Hpor (m) 0.86 1.08
Wave direction (°) 135 67.5
Wave period (s) 5.0 5.5
Wind velocity (m/s) 3 3
Wind direction (°) 135 45
Distance (km) Calculation is performed using SWAN model
0 20 40 60 80 100 . . .
-0 . . in stationary mode. The vegetation parameters
k3 are referred to (Thuong, 2018). The appropriate
5107 density for planting K. obovata is from 2500 ha™'
T 90 - to 10000 ha™', and for S. caseolaris, from 1600
o4 ha ' to 5000 ha™' (VAWR, 2011).
" Sea-level rise scenario

Figure 2. Bed profile (B-B’) for SWAN-VEG
simulation

The input data of mangrove forest in a sea-
level rise scenario is limited to 9-year old S.
caseolaris plants, with a density of 2500 ha™'
and a survival rate of 80%. (This 80% is chosen
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based on the result from the previous scenarios,
SCN1 and SCN2, and represents a typical value
of survival rate for the range (55%,100%) that
can be observed from Figure 7.) The forest belt
width is about 350 m. Due to climate change
and the sea-level rise, the total water depth
increases and incoming waves grow. Also, the
mangrove forest belt migrates landward so the
area for mangroves decreases because of the
existing sea dike. However, for simplicity, the
change in wave parameters is not taken into
account.

Water levels in the climate change context
based on different emission scenarios are
presented in the guideline by MONRE (2016).
In both scenarios, a sea-level rise of 0.30 m is
considered.

Assessing the wave reduction

Wave attenuation coefficients K; and R are
used for quantitative analysis. K; represents the
total energy dissipation and R the energy
dissipation that is caused by only mangroves.

K, = H. /Hy ()

where Hy = wave height at the location x
behind mangrove belt and H, = wave height at
the front edge of the mangrove belt.

R= (HOx _Hx) /H()x (3)

where Hox = wave height at the location x in
case without mangroves.

3. RESULTS AND DISCUSSION

3.1 Results

SWAN wave model. The resulting wave
field for scenario SCN2 is shown in Figure 3.
The location of the mangrove belt is also shown.
The NE monsoon scenario, SCN2, exhibits a
larger offshore wave height, but due to strong
wave refraction around the Day river delta, the
nearshore wave heights are smaller than those of
SE monsoon scenario, SCN1.

In addition to a stationary wave field, the
output data are extracted at a typical location B
(19.85°N, 106.05°E), offshore the Hau Loc
mangrove forest belt. Such wave characteristics
at B are chosen as boundary conditions for
SWAN-VEG modelling along the B-B’ profile
(see Figures 2 and 3).

SWAN-VEG module. Wave attenuation is
calculated for two main cases with 5-year-old
and 9-year-old plants. The densities are
maximal for each type of mangroves based on
VAWR (2011) with a survival rate of 80%. The
results are shown in Table 2 and Figure 4.

Table 2. Wave attenuation corresponding to scenarios SCN 1 and 2

Type SCN1 SCN2
1- K R 1- K R
5-yr S. caseolaris 74% 73% 73% 72%
9-yr S. caseolaris 82% 81% 82% 82%
5-yr K. obovata 67% 66% 58% 57%
9-yr K. obovata 76% 75% 78% 78%

Based on the results presented in Table 2 (in
which 1 — K; is used instead of K; for easier
comparison to R), some remarks can be made:

- Mangrove is the decisive factor in wave
reduction (across the width 350-m of the
mangrove belt), compared to other factors such
as wave breaking, refraction and dissipation.

- Wave attenuation increases when the tree
gets older.

- 8. caseolaris is the better species of
mangroves in terms of wave attenuation.

Factors influencing wave reduction

Wave attenuation is calculated with 9-year-
old S. caseolaris. The mangrove belt width is
350 m. From the results (Figures 5-7), some
remarks can be made:

- The mangrove forest with a width of 250 m
can reduce more than 60% wave height
compared to the case without mangroves. When
the mangrove belt width increases, the wave
attenuation coefficient does not change much.

- The mangrove forest with density of 2000
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ha' can reduce 50% wave height compared to wave reduction. For a range in survival rate
the case without mangroves. 55%-100%, the wave reduction changes much
- A survival rate over 55% can ensure >60% more slowly (60%-68%).

Ban5_SCN1 Ban9_ SCN1
No mangroves _ SCN1 Trang5_ SCN1
Trang9_ SCN1 — — -Ban5_SCN2
— — -Ban9_SCN2 — = =No mangroves_ SCN2
B’ — — -Trang 5_SCN2 — — -Trang9_ SCN2
0.8
= - - 0
0o 200 400
0 0.2 0.4 0.6 0.8 Hs[m) Distance from the shore (m)
Figure 3. Distribution of wave height in Figure 4. Wave height through mangrove
SCN2 scenario (The forest belt is shown forest for two scenarios
as a thick curve.)
80% 80%
60% e=a-o-9=0 60%
= 40% e« 40%
20% 20%
0% 0%
0 200 400 600 0 2000 4000
Width of mangrove forest (m) Density (ha™)
Figure 5. Relationship between mangrove Figure 6. Relationship between tree density
forest width and wave attenuation and wave attenuation
80% ——SCN1 ——SCN1 + CL change
— = —SCN2 — = =SCN2 + CL change
60% 0.8
e 40% 0.6
20% Eoa
(%]
% To2
0 10 20 30 40 50 60 70 80 90100
Survival rate (%) 0
0 100 200 300 400

Distance from the shore(m)

Figure 7. Relationship between survival rate Figure 8. Wave height through mangrove forest:
and wave attenuation comparison with and without climate change
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Climate change scenarios

In context of climate change when the sea
level rises, there are growths in both the incident
wave and the wave behind the mangrove belt.
As shown in Figure 8, when the sea level rises
by 30 cm, the wave height behind the mangrove
forest increases only from 1.9-2.3cm
corresponding to SCN2 and SCN1. This shows
the effect of the mangrove band, which reduces
over 60-70% the incoming wave height.

3.2 Discussion

For SWAN wave modelling, the effect of
river flow is neglected. The major river mouth,
Ninh Co, may influence NE wave propagation
only during flood season but has very limited
effect otherwise. Also, the lack of an extensive
data survey constrained the domain extent of
model reaching only water of about 23 m depth,
and refraction of NE waves may not be
accurately accounted for.

The above limitations in modelling need to
be improved in the future for more accurate and
complete wave simulations. At present, the

model allows only one species in each scenario
and the plant parameters are average values for
the whole computational area.

Due to limited observed data, the calculation
results are calibrated against Bao (2011)’s
formula of wave height reduction:

b = 0.048 — 0.0016 TH — 0.00178 In(N) —
0.0077 In(CC)

Hyenina = (0.9899 H; + 0.3526) exp(b*By)

where Hpening: sea wave height behind the
forest belt [cm], H;: incident sea wave height
[cm], TH: average tree height [m], N: tree
density [ha'], CC: canopy closure [%], Bu:
forest belt width [m]. We consider eight
scenarios, shown as eight rows in Table 3. The
scenarios are combinations of two plant ages,
two densities, and two wave heights. The fixed
parameters are By, = 350 m and CC = 72%. The
tree height is taken as the sum of trunk height,
root length, and half the branch length (Thuong,
2018). The mangrove parameters are used as
input for SWAN model and also for calculating
with Bao’s Eq. (4).

Table 3. Comparison results of wave height behind mangrove to Bao (2011)’s study

Type, age (yr.) N TH H; Hhehing (cm)
ype, age (yr. (ha™) (m) (cm) Bao (2011) SWAN
S. caseolaris, 5 5000 211m 65 cm 19.2 cm 18 cm
S. caseolaris, 9 5000 336 m 65 cm 9.5 cm 12 cm
K. obovata, 5 10000 1.16 m 65 cm 21.3 cm 28 cm
K. obovata, 9 10000 1.70 m 65 cm 15.8 cm 14 cm
S. caseolaris, 5 5000 211m 55 cm 16.3 cm 14 cm
S. caseolaris, 9 5000 336 m 55 cm 8.1 cm 9.8 cm
K obovata, 5 10000 1.16 m 55 cm 18.0 cm 18 cm
K. obovata, 9 10000 1.70 m 55 cm 133 cm 13 cm

From Table 3, it can be seen that the results
of calculation of wave height behind
mangrove forest by SWAN are compatible
with the study by Bao (2011). The mean
relative error is only 3%.

For simplicity we would assume the canopy
closure as the canopy cover — the percentage in
area occupied by the vertical projection of tree
crowns, which can be conveniently determined
from remotely sensed data (Paletto and Tosi,

2009). Although ground-truthing is not
available to determine CC, it can be seen
through a sensitivity analysis, that the variability
of CC does not affect much the result. When CC
is varied from 70% to 75% (around the chosen
value CC=72%), the mean relative error
between Hg,o and Hswan changes from +5% to
—13% and this error margin is acceptable.

The wave attenuation results agree with the
study by Vinh (2015), who reported the
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following reduction factors for Hai Phong
mangrove area: 0.15-0.6 during mild weather
conditions. That author also remarked that
effective wave reduction takes place in the outer
300-400 m of the mangrove belt. The
parameters of mangrove and drag coefficient are
taken from the study in Haiphong. There are
similarities between the Haiphong site and the
study area, including hydro-meteorological
conditions (diurnal tide with spring tidal ranges
> 3 m, monsoon climate), geomorphological
conditions (flat beach with sediment mainly
supplied by rivers and partially sheltered by
northeastern islands or river deltas), and
biological condition (mangrove species).
Therefore, these assumptions are acceptable and
the results can be used for planning purposes.

In general, the capacity of mangrove forest in
wave attenuation increases when the density of
tree increase. However, when mangroves are
planted too densely the survival rate will be
affected. This study does not consider the
correlation among them. Planting mangroves
based on natural succession not only sustains
the development of forests but also ensures
effective wave attenuation for various water
levels. Furthermore, it is necessary to study the
biological density and the appropriate time for
tree cutting to ensure the development of new
mangrove belt planting or recently-planted
mangroves (for several years).

In the context of climate change, other
aspects need to be further considered when
calculating the wave height behind mangrove
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Tém tit:
NGHIEN CUU VAI TRO GIAM SONG CUA RUNG NGAP MAN, TRUONG HQP
NGHIEN CU'U TAI HUYEN HAU LQC, TINH THANH HOA, VIET NAM

Trong cdc gidi phdp xanh bdo vé bo, giam tdc déng cia séng bién thi hiéu qua giam séng cia rimg
ngdp man chii yéu phu thudc vao chiéu réng vanh dai rig ngdp man, lodi cdy ngdp mdn, mdt d¢
va tudi cdy. Bai bdo nay trinh bay két qua danh gid khd nang giam séng cua hai lodi cdy ngdp man
phé bién & mién Bdc Viét Nam la cdy Ban (S. caseolaris) va cay Trang (K. obovata) tai bo bién
huyen Hdu Léc (c6 toa dé 19,93°Bdc, 105,96°Pong) bang mé hinh SWAN. Két qua tinh todn cho
thdy cdy Ban cé hiéu qua giam song tot hon cay Trang, vdi chiéu cao song toi giam 72% - 82%
(xem xét mot dai rieng réng 350 m, véi tudi cdy la 5-9 nam va ty 1é song sot 80%). Cdc két qua tinh
toan duoc phu hO’p so véi nghién civu ciia tac gid Tran Quang Bdo (2011). Trong diéu kién nudc
bién dang, rimg van giam dwge 60-70% chiéu cao séng tdi, chiéu cao séng sau ru’ng ngdp man
ting thém la 2,3 cm. Do d6, bién doi khi hdu can dwoc xem xét khi mo rong viéc trong rieng ngdp
man dé on dinh dwong bo dia phwong.

Tir khéa: rirng ngdp man, gidm song, bién ddi khi hau, mé hinh SWAN, Hau Loc.
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