THE USE OF MANGROVES IN COASTAL PROTECTION

Andrzej Tusinski Henk Jan Verhagén

The objective of this research is to obtain geneiations between attenuated wave heights andussiegetation
and topographical scenarios. Subsequently, imEedito find out what is the actual cost profit afike construction
behind a mangrove zone comparing to the case wlemgmves are absent. The graphs and formulas geckeio

this research may serve as a first approximatiaingueasibility studies or conceptual designs afaastal dike
incorporating mangrove vegetation. They allow clalttng the design wave height attenuated by sitxifip or

planned for restoration mangrove forests, for déffé design met-ocean conditions. Calculated wagRiation

coefficients can be later on translated to the sasgings of a coastal dike raised behind the mardiarests.
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INTRODUCTION

One of the solutions to reduce construction cokts coastal dike is to decrease wave loads which
directly result in using lighter revetment, lowerest level and subsequently smaller land use. In
countries located in the tropical zone, one ofdpBons to attenuate wave energy is to plant mamgro
forests in front of a dike. Research on this topig. Vos (2004), Quartel (2007), has proven the
effectiveness of mangroves used in this way.

The vast majority of such studies were done with¢onsideration of only one or few species. In
practice, mangrove forests are more diverse andistoof many different species. The species occur
however in zones, which are groupings of the sapeeiss of mangrove within a whole mangrove
forest. Example of such a zonation pattern is preskin Figure 1.
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Figure 1. Mangrove zonation pattern at Chua Cape, Tien Yen  district, Quang Ninh (Vietnam).

Each species have different physical parametesis as height, diameter of the roots and stems.
Density of the vegetation also varies per spedigshermore each family of mangroves possesses
characteristic attributes such as aerial or giifts. Mangrove areas are also characterized bylatsidf
that are present in front of the see side of asfofleepending on tidal levels these flats varyeingth
and their slope is subjected to hydrodynamic caorust

As may be expected, all these factors have ardiffeinfluence on the extent of wave height
attenuation. Therefore, at any given location wherangroves are present the wave reduction
coefficient is different and their impact on coasliie construction costs varies.

METHODOLOGY

Case Study Vietnam
The case study for the research [Tusinski, 20842hé whole of coastline of Vietham, where a
number of coastal dikes were recently constructet anstruction of many more is in the process or
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planning stage and thus cost data are availablghdrmore, Vietnam is one of the countries with an
appropriate climate and suitable hydrodynamic cioas for the growth of mangroves. Data on
physical parameters of mangroves, as well as megroconditions were collected from the places
located across whole length of the Viethamese kinastHai Phong province in the North to Kien
Giang province in the South.

Results from the case study on the wave heigbha#ition can be applied in other regions across
the globe with similar vegetation, topographic dndirodynamic conditions, which are contained in
the ranges as presented in the Table 1 and Table 2.

Table 1. Range of input parameters analyzed in the  research

Met-Ocean Conditions Topog_re_1ph|c Physical Parameters of
Conditions Mangroves
Tidal Storm Significant Spatial Density Trunk
Range Surge Wave Height Slope of Mudflat of Trunks Diameter
1-4m 2-5m 2-7m 1:1000 - 1:2000 02—1'? 0.1-0.9m
trunk/m

A sensitivity analysis was carried out to inveateggthe influence of wave period and wind speed
on attenuated wave height. The analysis showeddihagtion of +/- 1s in wave peak period and +/-
5m/s in wind speed results in insignificant (ordeéR%) increase or decrease of attenuated wavéteig
as compared to base scenarios. The base caseiesamare analysed using wind/wave characteristics
as presented in Table 2.

Table 2. Wave characteristics for typical average wind speed s during typhoon events
Wind Speed [m/s] Significant Wave Height [m] Peak Period [s]
13 2.0 6.0
15 3.0 7.0
18 4.0 8.0
22 5.0 9.0
25 6.0 10.0
28 7.0 10.5

Result from the case study on construction cobta ooastal dike shall be applied only for a
location in Vietnam, as the cost data related tdenwd, labour, equipment and land value were
collected specifically from this country.

Computational Modelling

The computations were carried out using latessioarof wave penetration model SWAN, in
which the method of Schiereck and Booij (1996) atculate the effect of wave energy dissipation in
mangrove forest was implemented by Narayan, Sugz2®iO). The quality of modelling roots in
numerical models like SWAN has been improved byaendetailed mathematical description of the
root system on basis of photogrammetric methodZ®d.2). Combining this with data from laboratory
tests in Hannover Strusinska et.al (2013) leadsgood model description within SWAN.
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Figure 2. Photogrammetric triangulation to a prop-roots (| eft) and pneumatophores (right) [Bo, 2012].

Construction Costs Assessment

Cost data were gathered from the interviews maitle tve associates of different educational and
governmental bodies in Vietham, such as the “CefderResource Consultancy and Technology
Transfer” under the Ministry of Agriculture and RuUrDevelopment or Vietham Water Resources
University”. In-house cost database of “BMT Asiaclia Pte Ltd” was also used to assess the labour
and equipment costs of constructing the dike body.

Material costs are the average market prices datgéar 2012 based on several projects in two
provinces: Nahm Dinh (rural) and Hai Phong (urb&mhm the data provided, it appears that the total
costs of materials depend to large extent on theation; costs are higher in rural areas thantiasc
That is the effect of the transportation costs #ratincluded in the price. When the dike consiouct
project is located in an urban area which is afsindustry centre, the distance from the manufacsur
that supply raw and fabricated materials is obJipwshorter than in the case when the project is
located in a further rural area. In this study, litweation factor is omitted and the prices are aged
out, due to the fact that it does not contribuggigicantly to the total costs of dike construction

As for the labour & equipment costs, similarlyttee preceding case, the costs vary per project
location. The labour cost displays an oppositetimia namely it is lower in rural areas. Here, thes
differences were also insignificant to the totastsoof dike construction therefore the averageevalu
was used. From the data gathered on the mangrst@aton projects in Southern Vietham (Ca Mau
province) it appears that these costs also varygoation. In this case however the specific sitd a
soil conditions play an important role. As it isdely known, the mangrove forests are rather diffficu
to establish artificially, due to their sensitivignd vulnerability to the varying environmental
conditions. In the extreme cases when the treesnatbeir early growth stage, they need to be
protected from the extreme water levels that rehelir canopy and decrease their area of oxygen
collection. Therefore small breakwaters need todyestructed offshore; this construction is included
the planting costs. In such cases, these costeeagh up to 3100 Euro/ha of mangrove vegetation. On
the other hand, when no extra protection is necgst#& average costs oscillate around 540 Euro/ha.
The cost of planting mangroves does not contribigrificantly to the total costs of dike constrocti
therefore only one, the most expensive case weasidened.

The coastal land value is another aspect ratlificudi to establish and unify in one number. The
function of the land, whether it is agriculturasidential or commercial is the governing factaehén
most of the cases, the land belongs to the goverhara its purchase is thus not a part of the cost
estimate. However, it is worth noticing the valbattthe given land represents when not used for a
flood defence structure. Such an analysis was ezhraut for agricultural land utilized for rice
cultivation, the most common crop in Vietnam. Theue of the land was estimated based on the
average annual profit made during three harvegteripds per one hectare of land. This value was
discounted over a period of 30 years with an awesyl estimated inflation rate of 5%. Value of the
land calculated in this way allows assessing it aetual price, excluding the speculation whichis
result of negotiations between government and #mmérs, during which farmers usually ask for a
price exceeding many times the land’s real value.
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RESULTS OF THE ANALYSIS

Introduction

The coastline in front of mangroves consists @lskv mudflats with varying slopes and length,
depending on the tidal amplitude. The initial ruithwihe wave model was carried out to investighee t
governing factors contributing to wave energy ¢iation in the mangrove and mudflat zones.

salt marshes mangroves mud flais
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Figure 3. Cross section coast with mangroves.

From the result of the initial run (Figure 4) &rcbe clearly seen that in the mudflat zone (degtan
600-2100m), the governing wave damping factor ésdbpth. Bottom friction contributes very little to
the total dissipated energy. The white-capping @seds only present in the near shore zone (distanc
0-600m) and even then, does not significantly ¢bate to the wave decay. On the other hand, adlethr
processes do not play any role in the mangrove gdiseance: 2100-2500m), and the wave energy is
dissipated entirely due to the drag exerted oretfttountered waves by the mangrove trunks.
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Figure 4. Result of the initial run — factors contributing to the wave energy dissipation.

This finding allows investigating the wave heightiuction in the zone specified above, by its
division into two areas: mudflats — where the vagyslope, storm surge and tidal amplitude will etffe
the ratio of wave reduction and the mangrove arba.governing physical parameters in the mangrove
zone will be the height of the trees, their spatiahsity, diameter of roots and trunks or ratio of
submergence of a tree.

Wave Dissipation in the Mudflat Zone

The design flow charts presented below allowsrestng the attenuated wave height at the end of
the mudflats depending on the given input parammetech as near-shore wave height, tidal range,
storm surge level and slope of the sea bottom. fldwe charts are valid for the combination of
parameters given in Tables 1 and 2, except fornabamation where kl< 3m and storm surge level >
4m. For this combination of two parameters, thatreh between near shore and attenuated wave
height changes due to lesser impact of the bottoth® propagating wave.
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Figure 5. The design flow charts.
Example of calculations:

At a given location, the following data is avaiktbnear-shore wave height of 3.3m, storm surge of
3m, tidal amplitude of 2.75 and a slope of mudft#t&:1500.

Following the flow charts it means that the waeduction factor is 0.300, so the reduced wave
height is 0.3 x 3.3 = 1.0m. Storm surge gives alsange of 0.42m, the tide gives a surcharge ofrd.28
and the slope a surcharge of 0.05m. The total Wwaight at the end of the mudflat is: 1.0m + 0.42m +
0.28 + 0.05m = 1.75m

Wave Dissipation in the Mangrove Vegetation Zone

A total number of 135 simulation runs with varyip@rameters is carried out in order to
investigate impact of them on wave height decathénmangrove zone. The result was then a subject
of statistical analysis. Presented below formutaghe result of non-linear curve fitting of equasgo
into the data sets. The equations approximate apedilresults with the accuracy of 0.02 - 0.15m
(standard error of deviation).

1. CANOPY:

. Emergent Canopy:
Keeso = exp(—2.014 + 0.003(C.C.)3 + 1.252In(Hy;)) (1)
Kceso
Hgee = Hini — ?V-L- 2
. Submerged Canopy:
0.635(%)
K o0 = exp| —6.874 + z (H)h + 1.783In(Hiy) (3)
n
h
Hage = Hini — 222V L. @)

Where:
Kes0= Wave height reduction factor for 50m of emergeariopy [m]
Kcsso= wave height reduction factor for 50m of submerganopy [m]
H.y = attenuated wave height [m]
H;ni = initial wave height [m] — (range of validity: Hig 0.5 — 3.0 m)
V.L. = vegetation length [m] — (range of validity:L. = 1— 200 m)
H/h = ratio of submergence [-] — (range of validiti/h = 1.25 — 2)

H = water depth [m]
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h = height of a tree [m]
C.C. = canopy coefficient [-]
C.C. =1, for lower part of a canopy
C.C. =2, for upper part of a canopy
C.C. =4, for fully submerged canopy (H/h = 1)

2. TRUNKS:
* Initial wave height = 3m:

Kiso-3 = 0.571 + 0.118In(Den) + 0.136In(Diam) (5)
Kts0-3
Hatt = Hini - TVL (6)

e Initial wave height = 2m:

Ki50-», = 0.365 + 0.074In(Den) + 0.096In(Diam) @)

Kt
Hatt - Hini -

50—2
02y g, 8)

e Initial wave height = 1m:

Kiso_1 = exp(—1.78 + 0.505/n(Den) + 0.539ln(Diam)) 9)

Hage = Hing — =222V L. (10)
Where:
Kis0.3= wave height reduction factor of 3m wave, for 5@trunks [m]
Kis0.2= wave height reduction factor of 2m wave, for 5@intrunks [m]
Kis0.1= wave height reduction factor of 1m wave, for 5@trunks [m]
H,y = attenuated wave height [m]
H;ni = initial wave height [m] — (range of validity: kii= 0.5 — 3.0 m)
V.L. = vegetation length [m] — (range of validity:L. = 1 — 200 m)
Den = Spatial density of trunks [trunk/m2] — (raridevalidity: Den = 0.2 — 1.8 trunk/m2)
Diam = Diameter of trunk [m] — (range of validit®iam = 0.1 — 0.9 m)

In case of intermediate values of the initial waweight (Hini) e.g. 2.5m, the wave height
transmission factor can be obtained by calculatttgnuated wave height forgis; and Ksq., and
interpolating linearly the obtained values. Theedininterpolation between obtained values is ptissib
due to fact that the values calculated with theatigns 5, 7 and 9 appear to display the linear
relationship between each other, as can be deddided the visual inspection of the their graphs
presented in Figure 6. The linear interpolatioreréfiore allows calculating the 4 values with
reasonable accuracy.
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Trunks Trunks

Wave Height Decay per 50m of Vegetation
Wave Height Decay per 50m of Vegetation

Density [trunks/m2] Diameter [m] Density [trunks/m?2)] Diameter ]

Figure 6. Equations 5, 7 and 9 plotted in one coordinate system. Right figure presents the results plotted on the
coordinate system rotated with 180° around z-axis as compared to the figure on the left.

3. PROP ROOTS:

2.359
Kprso = exp (—1.788 % 1.3861n(Him~)) (11)
_ Kprso
Hate = Hini — 22V L. (12)

Where:

Kprso = wave height reduction for 50m of prop roots [m]

H,y = attenuated wave height [m]

H;ni = initial wave height [m] — (range of validity:ibf = 0.5 — 3.0 m)

V.L. = vegetation length [m] — (range of validity:L. = 1 — 200 m)

Den = Spatial density of prop roots [root/m2] -n@a of validity: Den = 2 — 10 trunk/m2)

4. UNVEGATATED CASE:

The analysis of the wave height attenuaitiothe unvegetated case was conducted for two mai
reasons. Firstly, in order to obtain the wave réidanccoefficients (Kr) by comparing attenuated wave
height in each of the vegetation scenarios to tieeabtained in the unvegetated case. This analss
made for the scenarios with a bottom slope of 1:200

e Initial wave height = 3m:

Kunvso—s = 0.072 + 0.007(S.S.) + % —0.008(S.5.)% — (;’:iz - 0.157% (13)
Kunv —
Hatt = Him' - %VL 140
* Initial wave height = 2m:
Kunvso—z = —0.013 + 0.026(S.5.) + ?;;'; —0.005(S.5.)% — 0.141% (15)
Kunv —
Hatt = Him' - %VL 160
e Initial wave height = 1m:
1025.4 -1
Kunpso_1 = (741.1 o 3.17(T.R.)2) (17)
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Hyp = Hipg — %V. L. 18]

Where:
Kunvso-3= Wave height reduction factor of 3m wave [m]
Kunvso-2= Wave height reduction factor of 2m wave [m]
Kunvso-1= Wave height reduction factor of 1m wave [m]
H.y = attenuated wave height [m]
H;ni = initial wave height [m] — (range of validity: kii= 0.5 — 3.0 m)
V.L. = Mudlfat length [m] — (range of validity: V..= 1 — 400 m)
T.R. =Tidal range [m] — (range of validity: T.R.1z0 — 4.0 m)
S.S. = Storm surge [m] — (range of validity: T.R2.8 — 5.0 m)

As in the case of wave height decay due to eietiunks, the wave height transmission factor for
the intermediate values ofH can be calculated by the linear approximatiotwaf nearest values of
Kunvsox This interpolation is however less accurate athéncase of trunks, especially for the higher

values of storm surge, and tidal range and low&regaof H,, where the water depth has very little
effect on the wave height decay.

Unvegetated Case Unvegetated Case

Wave Height Decay per 50m Distance Offshore
Wave Height Decay per 50m Distance Offshore

Tidal Range [m] Storm Surge [m above HAT] Tidal Range [m] Storm Surge [m above HAT]

Figure 7. Equations 13, 15 and 17 plotted in one co  ordinate system. Right figure presents the results plotted
on the coordinate system rotated with 180° around z  -axis as compared to the figure on the left.

REDUCTION OF COSTS OF A COASTAL DIKE CONSTRUCTION

Wave height reduction results directly in two adpeof a coastal dike construction, that is: the
lowering of the crest level due to smaller wave um height and lighter revetment structure due
smaller force acting on the protection structure.

The wave run up height can be calculatedgughe “old Delft formula”, which is valid for the
wave not exceeding the Iribarren numbe£s38.0. That means that the formula can be appliedhi®
waves considered in this study (wave height of Oz period not exceeding 7s, wave height of 3m
and period not exceeding 10m). For the dike outgresof 1:4 this means that the run up height is
always twice as big as the wave height. This ingplieat a wave height reduction of 1 meter resalts i
the construction of 2 meters of lower dike. Fortbot the considered cases of the protection strectu
(grass and concrete blocks), the value of the senfaughness reduction factor can be assumedlo be
Thickness of the stable placed-block revetmenthmcalculated using Pilarczyk formula (1990). For
the given dike geometry and wave conditions, tleelbthickness varies from 0.3 to 0.5m for the wave
heights of 0.5 to 2m respectively. Smaller wavayhts result in smaller wave loads on a structuoe. F
that reason the soft solution for the revetmenicstire was also considered in the cost analysie. Th
test conducted in Delta flume of Delft Hydraulies, well as field tests with the overtopping simodat
in Vietnam (Trung, 2014) proved the efficiency afidform closed-cover grass with high density roots
such as e.g. Vetiver as a revetment for sea dkéisies of 0.75m, even during a 24 hours storm
showed no damage to the grass-covered layer. Wafvegtm damage started after approximately 6
hours, but even then the hole in the dike bodyeased very slowly. As presented in all of the 4
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analyzed cases in section 4.3 the grass layerasadrevetment can be successfully utilized when th
wave damping system of mangrove trees exists it fsba dike, and sometimes, when the water levels
are low, even without it.

Figure 8 presents the total costs of dikestruction with a crest level ranging from 2-101ict

are typical dike heights in Vietham. Two cases wamesidered: one with no mangroves and concrete
blocks used for the revetment and the second withgmove forest in front of a dike with grass layer
revetment. From the figure below it can be dedutied three factors have marginal influence on the
total dike construction costs that is value of ldwed, planting of mangrove forest (400m wide, incl.
construction of a low breakwater) and the reinfdrgeass. Cost of each of these factors is aroufid 10
000 Euro per one kilometer of a dike with a heigiriiging from 2-10m. Construction of a dike body
and placed block revetment considerably contribtibethe total cost. As a result costs of a softer
solution including grass and mangroves are appratdly twice as low as the cost of a typical dike
unprotected by mangroves with concrete blocks asetie revetment.
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Figure 8. Costs of 1 running kilometre of a dike.

Based on the assumptions made in the piregections, the cost reduction of a coastal dike
construction as a function of a wave height deaay erest height can be calculated (Figure 9). The
cost obtained using the figure below, are the ggvimade by reducing the design wave height by the
mangrove vegetation as compared to the origingbratacted by mangroves design with a hard
revetment. In both cases the toe of the dike im®td at the mean high water level (MHWL) and the
revetment covers whole outer slope from the totougest level.
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Figure 9. Reduction of dike costs as a function of wave height reduction.

For a typical dike in Vietham with a crdevel of +6m MHWL, the total construction cost
reduction due to 0.5m wave height attenuation equeaD.7mln Euro per running kilometer of a dike.
This is consistent with the previous study of Hill008) and Mai (2008). In the same case when the
grass-cover is applied this cost, spikes up to aBd&mIn euro. These savings increase to a value of
c.a. 0.9min euro and 3.7min euro (for the above caspectively) when the design dike is 10m high.

CONCLUSION AND RECOMMENDATIONS

Conclusions

The analysis made in this study showed tiivatcosts of a coastal dike construction in Vietna
can be effectively reduced by incorporating mangreegetation in the design. The extent of this
reduction is subjected to the vegetation pattetmnichvis a function of various parameters i.e. growt
stage of the trees, length of the forest, as vgetha met-ocean conditions such as tidal amplitades
storm surge levels. As it was presented, a 0.2%mct@n in wave height leads to the total savinfys o
around 0.25mIn Euro per one running kilometer 8hahigh dike, when utilizing a hard revetment. If
0.25m wave height reduction results in the possibdf applying soft revetment such as the Vetiver
grass, these savings dramatically increase to daheevof 0.9min Euro per kilometer of a dike. These
construction cost savings can already be achieygaldnting 200m mangrove vegetation, where the
sparsely distributed mangrove trunks (0.2-0.6 m#)/ of varying diameters from 0.2 to 0.7m will be
the elements obstructing wave propagation. Hydradyia simulations have proven that the emergent
mangrove canopy is the most effective in attengatiave height. In such scenarios, when the water
levels are higher, the 400m long mangrove patchaeslwave height up to 0.70m. As a result, the cost
of constructing 1km of a 6m high dike, can be reduop to 1min and 2.3min Euro in cases where
concrete blocks or reinforced grass are used régphc

The design of a coastal dike is made ferdktreme events that are characterized by highrwat
levels. Incorporating mangroves in this design shtherefore be made in such a way to maximize the
wave height reduction effect. If the site’'s spexifilesign water levels are known, the appropriate
species chosen for plantation should be chosencin g way that the water level during extreme essent
would be able to reach lower or upper part of aopgn That implies that even relatively young and
short trees can be considered as a wave dampitgnsyshen the design water levels are relatively
low. High water levels considered during the desijaparage the role of roots as the wave damping
system. Prop roots of a mature treeRbfzophora or Sonneratia usually reach about 2m above the
bottom level. However design water levels are yatleht low. The same applies for the buttress roots
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of landward, red mangrove species. The effect afekroots or pneumatophores, due to its height
(max.20-30cm) is negligible and can be omittedmtythe design of coastal dikes.

Based on this study, the following conclusions rday the analyzed topics can be drawn:

MUDFLAT ZONE:

e The governing process affecting wave energy difisipan the mudflat zone is the depth induced
wave breaking,

» Of the three parameters: storm surge, tidal ramgk kttom slope gradient, only the first two
contribute significantly to the wave energy dissipa

» A steeper slope causes more energy dissipationtatke effect of shoaling. However in the
mudflat zone, the steeper slope equates to itéesHength, as it is defined by the tidal amplitside
Therefore in cases the waves have less time arw ¢padissipate their energy and therefore are
higher as compared to cases with gentler slopedanyr mudflat lengths. Furthermore, gentle
slopes (1:1000 — 1:2000) cause no shoaling effect,

. The wave period and wind speed have margifedts on wave energy dissipation.

MANGROVE ZONE:

» The most effective segments of a mangrove treea@mewenergy dissipation are the emergent
canopy, followed by roots, trunks and submergeapgn

* The effect of roots, in the majority of cases canneglected due to the fact that during extreme
events, the water levels exceed the height of sgstems such as pneumatophores, buttress knee
roots and even prop roots,

» The submerged canopy has a negligible effect onvidnee energy dissipation when the ratio of
submergence (H/h) exceeds 1.5,

e The magnitude of wave energy dissipation due togmare trunks is dependent on the trunk
diameter and spatial density. Among these two parars the trunk diameter has a larger
influence,

» The length of the vegetation contributes to the evamergy dissipation. The longer the vegetation
patch, the smaller the wave height at the end efnlangrove zone. The majority of the wave
energy is dissipated within the first 100 to 200hthe vegetation patch,

*  When the wave breaker index Hs/hd >0.4, the soargetation is not the only factor contributing
to the wave energy dissipation. In such cases igspdtion is a result of the coupled effect of
water depth and vegetation. This effect is valitlydor scarcely populated and short mangrove
trees, when the trunks and submerged canopy résggctratio of submergence H/h>1.5) cause
the wave energy dissipation.

COSTS OF A COASTAL DIKE:

» Costs of the dike body and placed block revetmemtlze most significant amongst the others that
contribute to the total cost,

* Value of agricultural land, planting mangrove amdsg revetment have marginal contribution to
the total cost,

» Wave height reduction of 0.5m leads to the totat savings from 0.5-0.9miIn Euro on 1km dike
construction for 3 and 10 meter high dike respetyiwhen the concrete block revetment is used,

* When 0.5m wave height reduction, allows using seftetment such as reinforced grass, these
savings increase to about 1.0-3.3min Euro per lkandike.

Recommendations
The formulas derived in this study yieldotwypes of errors: an error due to reliability okt

computational model and an error due to approxiomatiReliability of the computation can be
improved by calibrating the wave breaking index floe wave computations in the mudflat and the
drag coefficient in the mangrove zone. The natdrthis research, wave attenuation during extreme
events, makes the calibration with the field measumts virtually impossible. In order to obtain the
results from the field, the measurements would HaJge obtained during extreme events (high water
levels and wave heights). Validation of the wavighis obtained in this study could be however made
for some of the scenarios with lower water leveld wave heights by adjusting the breaker index, for
the case of the mudflat zone. Validation of theragjpnated wave heights in the mangrove zone, from
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the same reason as above should not be based 6althmeasurements. Small scale physical models
may be helpful in this case. Scaling down a margrtree, preserving its physical features (e.g.
flexibility) can be troublesome especially in cask the canopy. The physical modeling should
therefore be made carefully. Obtained results aaedmpared to the computed ones, and in case of
discrepancy the drag coefficient in the computationodel should be modified.

The construction costs of a coastal dik&/igtnam are approximated rather accurately. Due to
variance of these costs per region and a spegifie bf an area, the approximation of the costs for
generic purposes yields a certain inaccuracy. ififlisence is considered however to be marginal. The
factor that is believed to contribute more sigmrifidy to the material costs is the distance from th
supplier to the site. In case of remote sites,ttaasport costs can be relatively high. This mater
advised to be investigated more in detail. As fiar tand value obtained in this study, it appliely oo
agricultural land and dikes constructed in ruraglaar Some segments of dikes in Vietnam are however
built in the industrial or touristic regions ancthfore land value will certainly differ and is iesed to
be higher.
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