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INTRODUCTION 

1. The urgency of the research topic 

Vietnam has more than 3260 km of coastline spreading to 28 provinces and cities. 

Those areas play very important and key roles for economic development and 

ecological environment, but they are also often affected by natural disasters such as 

wave, wind, whirlwind, rising sea level, landslide, etc. 

Local and foreign scientists have been exploring diversify solutions to mitigate the 

impact of coastal dynamics to the coastal construction near the coastlines. Building 

constructed solutions are effective immediately after construction but in some cases 

they are not sustainable, wasteful, and the overall efficiency is not high; Non-

constructive solutions, although the scope of application is narrower and more 

effective, and slower but it has higher overall efficiency and higher sustainability.  

Studying of the mechanism of wave height reduction and wave propagation through 

mangrove forests as a scientific basis to propose synchronous solutions to reduce the 

impact of waves to constructed coastal protection show both scientifically 

significance and highly practical, especially in today’s reality incidents when we are 

facing with extreme weather events (both in intensity and frequency), responding to 

climate change, sea level rise. 

2. Objectives of the study 

This thesis focus on study the interaction between coastal waves and mangrove 

forests for trend estimation and establish experimentation for bulk drag coefficient CD 

and the semi-empirical formula to determine the propagation wave height in the 

mangrove forests. 

3. Subjects and scope of research 

The thesis focuses on researching mangroves (Ban chua - Sonneratia caseolaris) in 

Thai Binh and Nam Dinh coastal area. 

4. Approach and methodology 

The most commonly used methods for studying the effects of waves on coastal areas 

and on the physical processes consuming wave power, are Collective and analytical 

methods; Measurement and field survey methods; Modeling method. The 

measurement and field survey method is high reliability however it is more 

appropriate when researching under a specific condition. Because the energy force of 

the coastal area is often very random, in order to have enough data for the analysis 
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and building of the experimental relationship, PhD candidate has applied the method 

of Collecting and Analyzing and Modeling Methods. Modeling is also a high 

reliability method which is widely used by local and foreign scientists currently. 

5. The scientific and practical significance of the thesis 

Reducing wave height by mangrove forests is one of the most economically efficient, 

technically and environmentally responsible solutions. It is not only reducing the wave 

height directly impacted on water dikes, coastlines; increasing the potential deposition of 

alluvial soils, but it is also protecting biodiversity, marine ecosystems, reducing 

greenhouse gas emissions, increasing marine resources, seafood supplies, etc. 

The thesis has quantified the influence of factors such as tree density, correlation 

between tree height and water depth and forest width. These are the main parameters 

that affect the reduction of the wave height. 

The research results can be applied to build the process of calculating and designing 

mangroves for dike protection, solving many reality problems for planting mangroves 

in coastal protection in Vietnam. Research results can be used as reference material in 

the design mangrove forests for reducing wave height and surface current 

propagating. 

6. New contributions of the thesis 

Quantify the influence of the main parameters that affect the wave reduction 

efficiency of mangrove forest, especially these factors: wave, water level and the 

characteristics of mangroves, that natural conditions in Thai Binh, Nam Dinh 

coastlines: 

+ Experimental fomula to determine the bulk drag coefficient CD: 

)KCv.0378,0(
D e.618,1C 

 

 + Semi-empirical formula to determine the wave height propagation on mangrove forest: 

x.B1

1

H

H

20,rms

rms




 

Proposed methods and procedures for calculating and designing mangrove barrier 

belts for protection of sea dikes suitable for two typical terrain types in Vietnam. 

Addressing many obstacles in the practice for  protecting sea dikes and coastlines in 

Vietnam. The results of the thesis can be referenced for designing mangrove for wave 

reduction. 



3 

 

CHAPTER 1. OVERVIEW OF MANGROVE FOREST AND IT’S 

FUNCTIONS IN WAVE REDUCTION 

 

1.1 General Introduction 

Mangrove forests is a typical ecosystem located in tropical and subtropical coastal 

intertidal areas that are regularly or periodically flooded by tidal submergence. 

According to J. Larsson et al. (1994), Mangrove forest is distributed mainly in warm 

climates, temperatures of 20
0
C and above, rainfall over 1000 mm/year, average 

salinity of 15 ‰ to 25 ‰. 

By 2010, mangroves in the world still cover about 12,3% of the surface of the earth 

(14 million ha), distributed mainly in the tropical and subtropical mainly in two 

coastal hemisphere (between latitudes from 30º north to 44º South). In Vietnam there 

are about 149,290 ha of mangroves, in the Northern part of Vietnam have about 

43,811 ha of mangroves. The most popular mangrove species are: duoc voi 

(Rhizophora stylosa Griff), Trang (Kandelia obovata), Man bien (Avicennia marina), 

Ban chua (Sonneratia caseolaris), Vet du (Bruguiera gymnorrhiza), Su (Aegiceras 

corniculatum), Dua nuoc (Nypa fruticans),… , ... The most popular mangrove plants 

in the coastal areas of Thai Binh, Nam Dinh: Ban Chua (Sonneratia caseolaris), 

Trang (Kandelia obovata), Su (Aegiceras corniculatum),  .... 

Ban or Ban chua (Sonneratia caseolaris) is a pioneer in the development of coastal 

mangroves and riverside mudflats. It’s suitable habitats are soft mudflats, estuarine 

areas, lagoons and lagoons where tides are rising up and down. Ban is a trunk tree 

growing up from 5 m to 15 m in height. The tree trunk is slippery, with gray shells, 

patches of each plate. Breath-shaped branches grow around the root and rise from the 

ground from 50 cm to 90 cm in height, reaching a diameter of about 7 cm, which acts 

as a barrier against wave height and wave propagation, and sedimentation deposition. 

   

Figure 1.1. Images of Mangroves (Sonneratia caseolaris)  
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1.2 Global research on mangroves (CNM) and it’s role in reducing wave strength  

In the world, the effect of mangrove forests in reducing wave to protect shorelines 

has been studied by scientists since the 80s of the twentieth century. These studies 

follow three approaches: field surveys, numerical simulations (MHT), physiological 

modeling (MHVL). 

Most in-depth studies on mangroves have been conducted through MHVL 

experiments and simulations on MHT. These research has fully identified the effect 

of characteristics and structure mangrove forests on the dominant parameters of MHT 

and MHVL such as the coefficient of bottom friction, the coefficient of composite 

resistance. However, because there is no physical principle to parameterize vegetation 

types in MHT, the value of the bottom friction and composite resistance varies with 

the water depth when the waves propagate through different sections of the 

mangroves (such as roots, stems, branches). Thus use a common parameter for the 

entire water depth in some cases needs to be studied and clarified.  

1.3 Field studies in Vietnam on the effect of wave reduction of mangrove forests 

In Vietnam, the research also asserted that in addition to protecting the environment, 

ecology, biodiversity, RNM also have the effect of reducing waves, protecting the 

coast, expanding the shore. A number of further studies have examined the 

relationship between tree species, tree characteristics, forest belt size and changes in 

wave height. However, most of the studies are related to a specific condition of 

mangrove or tidal wave, thus it is lack of generality and  does not have quantitative 

influence of morphological, structure characteristics of RNM, and water depth to the 

wave reduction. In practice, wave reduction is highly influenced by factors such as 

plant density, tree height, stem diameter, or forest belt width and water depth. 

The dissertation will study the interactions between shallow water waves and 

mangroves as a basis for constructing empirical relationships describing wave height 

reduction through mangroves, which show the influence of dynamic elements such as 

coastal forces and morphological characteristics, mangrove structure. Study subjects 

are purebred forest of Ban Chua (Sonneratia caseolaris)  with coastal force factors in 

coastal areas in Thai Binh and Nam Dinh provinces. 
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CHAPTER 2.  SCIENTIFIC BASICS IN STUDYING THE WAVE 

REDUCTION  EFFECTS OF MANGROVE FOREST  

 2.1 Natural conditions in the study area 

2.1.1 Geographical locatios 

The study area is the coast of two provinces: Thai Binh and Nam Dinh in the northern 

part of Vietnam. This is the area which is frequently affected by the interaction 

between river and sea. 

- The coastline of Thai Binh province is typical of the shoreline with slightly slopes. 

Tidal flats length is ranging from 4 to 5 km. The main mangrove bushes of species 

are: Mam bien (Avicennia marina), Trang (Kandelia obovata), which are located in 

the outermost region, where salinity is high and water is deep. Ban chua (Sonneratia 

caseolaris), Trang (Kandelia obovata), Su (Aegiceras corniculatum) are distributed 

in near coastal areas, where water level is medium height. 

- Nam Dinh coast has wide tidal flats. However, due to the strong influence of the 

North-East monsoon, this coastal area in Hai Hau is the main erosion point of the 

region. The mangroves are distributed mainly in estuaries. Botanical compositions are 

brackish water-like species such as Ban, Trang, Su, O ro (Acanthus ilicifolius). 

 

 

Figure 2.1. Geographic location of study areas 

2.1.2 Characteristics of Meteorology Hydrographic 

Forming and affecting by the wind, the waves in the Gulf of Tonkin are characterized 

by distinct seasons: In winter, the prevailing waves are East - North and East 

(Frequency (P) = 60% ÷ 70%), the average of wave height and wave period are quite 
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large: Hs = (2 ÷ 3) m,      (11 ÷ 12) s; In the summer, from latitude 15 and above, the 

main wave direction is East - South (P = 60%), wave height and average cycle are not 

large on average: Hs = (1 ÷ 2) m,      (8 ÷ 10) s. 

2.2. Physical processes that consume waves’s energy of shallower water 

When moving ashore, physical processes which consume near shore wave’s energy 

can be divided into three main areas: 

 

Figure 2.2. Physical process consuming wave energy  

- Zone 1 - Waves spread on the front of the mangroves: the formular (2.1) is dirived 

using the Lagrange formula and applying the law of conservation of energy to two 

consecutive wave rays. 

 
h

h

L

L

H

H 00

2
0

2

  (where: H, L, h are the wave parameters) (2.1) 

The equation (2.1) show: the total water depth (h) and wave height (H) are directly 

proportional to each other. 

- Zone 2 - Waves propagating in mangrove forests area 

  

a) Water depth (d) is lower than 

mangrove (hv) 







 1

d

hv  

b) Water depth (d) is high, above the 

mangrove (hv) 







 1

d

hv  

Figure 2.3. Decreasing wave energy by water depth (d) 

- When the water depth (d) is low (Figure 2.3.a), the wave energy is mostly dissipated 

by friction. The interaction between waves with roots, trunks, branches, etc. is a 

confusion in the boundary layer. 

Sea 

dike 

Zone 1 Zone 2 Zone 3 

file:///D:/NTA/Cac%20ND%20lien%20quan/QT%20hinh%20thanh%20va%20lan%20truyen%20song%20ven%20bo.docx
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- When the water depth (d) is high (Figure 2.3.b), the wave energy is less consumed 

by the CNM due to the absence of other physical processes. 

- Zone 3: After leaving mangroves, waves will continue to be affected by shallow 

water processes including the bottom friction. Wave height has been significantly 

reduced already. 

2.3. Similarity theory and proportional similarity model 

The physical processes occurring on the model and the prototype must be similar, 

they must be similar in kinetics and dynamics. The model is designed according to 

the cross-sectional, similarity of dimention rate, the same direction as wave direction 

and conforms to the law of similarity Froude. 

From the results of evaluating the natural conditions of the coastal, the studied areas, 

the size of the wave flume and the ability of the wave generator, the similarity of the 

model which has been chosen for the calculation and experiments is L = h = 20.  

2.4. Building the model and experimental combination 

The selected mangrove for studies and simulations on MHVL are seven to nine year 

old Ban Chua (Sonneratia caseolaris), having the height ranging from 20 cm to 25 

cm (equivalent to 4 m to 5 m in reality) since it is suitable for the practical condition 

in the coastal area of Thai Binh, Nam Dinh. The experimental plant on the MHVL 

was made of wave trough (resinous plastic) with similar geometry and bending 

strength and wave reduction of waves. 

 

  

Figure 2.4. Modeling and layout of mangrove on wave trough (plastic trees) 

Experimental terrains of the model were simulated following Giao Xuan, Giao Thuy 

and Nam Dinh actual beaches. The details is shown in Figure 2.5. 
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Figure 2.5. The vertical cut of the simulated model 

Based on the actual hydrological conditions in Thai Binh and Nam Dinh, the wave 

and water values for the MH experiments are as follows: 

- Water depth (h, m): 0.1; 0.15; 0.20; 0.25 (equivalent to 2, 3, 4, 5 m in practice) 

- Wave height (   , m): 0.08; 0.12; 0.15; 0.20; 0.25 (equivalent to 1.6, 2.4, 3.4, 4, 5 

m in practice) 

- Wave period (Tp, s): 1,3; 1,6; 1,8; 2; 2,1; 2,2; 2,3; 2,5; 2,8 (equivalent to 5,8; 7,2; 8; 

8,9; 9,4; 9,8; 10,3; 11,2; 11,5 s in practice) 

The table 3.2 shows the combination of 28 experiments for two caese: Case number 

01: non-mangrove forest; Case number 02: the mangrove forests forest with N1, N2 

density. 

The MHVL experiment was carried out in the wave trough of the Vietnam Academy 

for Water Resources. Size of wave trough: length: 40 m, height: 1.5 m, width: 1.2 m. 

Wave generators can generate a uniform wave or random wave with the maximum 

height of 0.30 m and a maximum period of 3.0 s in the JONSWAP or Peirsion-

Moskowitz (PM) spectrum. 
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CHAPTER 3. ASSESMENT STUDYING OF THE WAVE REDUCTION  

EFFECTS OF MANGROVE FOREST  

3.1 The use of MHT to evaluate trends and effects of mangrove structure and 

characteristics on wave height decline. 

 

 

 

 

 

 

 

 

 

Note: 

1 Calculation error ≤ allowable error 

2 Calculation error > allowable error 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1. Diagram showing Steps step-by-step taken on MHT 
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3.1.1 Scenarios for calculation and experiment 

Table 3.1. The Characteristics of nearshore waves 

(for scenarios:without trees, trees with density  N1 = 85 trees/m
2
 and  N2 = 60 

trees/m
2
 (equivalent to 2125 trees/ha and 1500 tree/ha in practice)) 

No Scenarios 

Deep 

water 

Wave 

height 

Wave 

period 
Frequency 

Duration 

time 

(d, m) (Hm0, m) (Tp, s) (hz) (s) 

1 D10H08T16 0.10 0.08 1.6 0.02 850 

2 D10H12T16 0.10 0.12 1.6 0.02 850 

3 D15H12T16 0.15 0.12 1.6 0.02 850 

4 D15H15T18 0.15 0.15 1.8 0.02 950 

5 D20H12T16 0.20 0.12 1.6 0.02 850 

6 D20H20T21 0.20 0.20 2.1 0.02 1100 

7 D25H12T16 0.25 0.12 1.6 0.02 850 

8 D25H25T23 0.25 0.25 2.3 0.02 1250 

Notes: 1) The wave parameters are uniform waves, Jonswap wave; The value in 

Table 3.1 is the value on the model (MH); 2) D10H08T16 are the corresponding 

water depth 10cm, wave height (respectively) 8cm, wave period (respectively) 1.6s; 

  

Density N1 = 85 tree/1m
2
; Density N2 = 60 tree/1m

2
; 

Figure 3.2. Layout of experimental trees 

3.1.2 MHT selection 

The selected MHT model is a non-hydrodynamic model of marine wave 

hydrodynamics SWASH (Simulating WAves till SHore). SWASH can describe 

waveforms in both wave breaking and swash zones due to nonlinear wave interaction 

and interaction of waves with vegetation, breaking waves as well as waves reaching the 

beach surface, etc. 
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3.1.3. Evaluation results by MHT 

3.1.3.1 Effects of trees density 

 

 

Figure 3.3. Wave height distribution chart (Hm0)  and tree density (N) 

RNM with a tree density of 85 trees/m
2
  was able to reduce ≈ 80,17%  of wave height 

and only reached 80.87% at tree density of 60 trees/m
2
 (wave height decreased 

additionally by only 0.7% while the tree density must increase by 15.3%. On the 

other hand, mangroves at a tree density of 60 trees/m
2
  were able to reduce 76.9% of 

wave height. Mangrove forests with density from 60 trees/1m
2
 to 85 trees/1m

2
 on the 

model is the appropriate value to study and experiment on MHVL. 

3.1.3.2 Effects of tree age (through tree trunk diameter and tree height) 

a) Effect of tree trunk diameter (dv) 

 

Figure 3.4. The relationship between  m0  and tree trunk diameter (dv)  

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

40 50 60 70 80 90 100 

W
av

e
 h

e
ig

h
t 

(H
m

0
) 

Tree density (N) 

WG8-D15 WG8-D25 Poly. (WG8-D15) Poly. (WG8-D25) 

0.02 

0.0225 

0.025 

0.0275 

0.03 

0.0325 

0.005 0.006 0.007 0.008 0.009 0.01 

W
av

e
 h

e
ig

h
t 

(H
m

0
) 

Tree trunk diameter (dv) 

WG8-D15-N1 WG8-D15-N2 Poly. (WG8-D15-N1) Poly. (WG8-D15-N2) 



12 

 

b) Effect of tree height (hv) 

 

Figure 3.5. Relationship between   m0 and tree height (hv) 

The larger the tree structure, the more the wave height decreases; The greatest 

reduction in wave height is when water depth is equivalent to tree height (hv ≈ h). 

Based on the dynamic factors along the coast of the studied area, select trees with a 

height of 4.5 m (equivalent to 0.25 cm on the model) to further study and do 

experiments on MHVL. 

3.1.3.3 Effect of forest expansion 

 

Figure 3.6. Relationship between wave height (Hm0) and forest belt width 

The deeper the waves getting into the forest belt, the greater the wave height reduction. 
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the wave height (Hm0), when increasing the width of the mangrove forests belt to 700 

m, the reduction in wave height can reach above 97%. However, with an effective 

reduction of 90% of the original wave height of the mangroves, it is sufficient to reduce 

wave height and energy for shoreline protection. The dissertation will study and 

develop MHVL experimental scenarios for the RNM belt with a width of 300 m 

(equivalent to 15 m on the model). 

3.2. Experiment on MHVL and establish general equations of wave reduction 

3.2.1 The sequence diagram of the implementation steps 

 

 

 

 

 

 

  

Figure 3.7. An experimental diagram showing step-by-step developing  the bulk 

drag coefficient CD and wave height Hrms after the RNM 
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3.2.2 Experimental scenario 

The combination of experimental scenarios on MHVL is shown in Table 3.2 

Table 3.2. The Characteristics of waves (common for all 03 cases without trees, with 

tree density N1 and N2) to do experiment MHVL 

No Scenarios 
Depth water Wave height Wave period Duration time 

(d, m) (Hm0, m) (Tp, s) (s) 

1.  D10H08T13 0.1 0.08 1.3 650 

2.  D10H08T16 0.1 0.08 1.6 800 

3.  D10H12T16 0.1 0.12 1.6 800 

4.  D10H12T20 0.1 0.12 2.0 1000 

5.  D15H08T13 0.15 0.08 1.3 650 

6.  D15H08T16 0.15 0.08 1.6 800 

7.  D15H12T16 0.15 0.12 1.6 800 

8.  D15H12T20 0.15 0.12 2.0 1000 

9.  D15H15T18 0.15 0.15 1.8 900 

10.  D15H15T22 0.15 0.15 2.2 1100 

11.  D20H08T13 0.20 0.08 1.3 650 

12.  D20H08T16 0.20 0.08 1.6 800 

13.  D20H12T16 0.20 0.12 1.6 800 

14.  D20H12T20 0.20 0.12 2.0 1000 

15.  D20H15T18 0.20 0.15 1.8 900 

16.  D20H15T22 0.20 0.15 2.2 1100 

17.  D20H20T21 0.20 0.20 2.1 1050 

18.  D20H20T25 0.20 0.20 2.5 1250 

19.  D25H08T13 0.25 0.08 1.3 650 

20.  D25H08T16 0.25 0.08 1.6 800 

21.  D25H12T16 0.25 0.12 1.6 800 

22.  D25H12T20 0.25 0.12 2.0 1000 

23.  D25H15T18 0.25 0.15 1.8 900 

24.  D25H15T22 0.25 0.15 2.2 1100 

25.  D25H20T21 0.25 0.20 2.1 1050 

26.  D25H20T25 0.25 0.20 2.5 1250 

27.  D25H25T23 0.25 0.25 2.3 1200 

28.  D25H25T28 0.25 0.25 2.8 1400 
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3.2.3 Parameters to be measured 

The direct measurement parameters from the MHVL experiment are: Universal Wave Hm0 

(wave height momentum level 0) and period characteristic of wave spectrum Tp and Tm-1,0  
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trong đó: S(f) density power of universal wave with frequency f; m0 the value of 

momentum level 0 of universal wave.  

3.2.4. Set the overall equation for the wave height decrease through RNM 

3.2.4.1. Determination the bulk drag coefficcient CD  

Considering the random wave propagation perpendicular to shore for non-RNM-based 

and mangroves, the equation for wave energy equilibrium is only valid for RNM:  
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Where: Dv, Hrms,v - wave energy and wave height due to resistance of mangroves;  - 

specific gravity of sea water; cg - velocity of the wave group (cg depends on h and Tp 

and ignore the effect of change with and without trees). 
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with: c - wave peak velocity; k - wave number; h - water depth. 

Based on the formula for calculating the resistance of a tree to flow (Dv), the Morison 

formula calculates the resistance of the tree to the flow (Fx) by neglecting the inertia 

force components and linear wave theory, according to Dalrymple and nnk (1984), 

(Dv) is defined as follows: 
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   are wave number and the angular velocity of the wave 

respectively. 
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Nv - number of trees per unit of horizontal area; CD - the bulk drag coefficient; hv - 

tree height; bv - the area of resistance per unit height of a tree placed perpendicular to 

the horizontal flow (calculated tree diameter). 

 
cn

1

2
iv db  (3.6) 

with, di is the diameter of the branches/bough, nc is the number of branches at the 

considered water depth. 

From equation (3.3), (3.5) use the finite difference method to construct the CD 

formula as follows: 
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







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








   (3.7) 

where i refers to the forest in question and i + 1 is the forest right in the back by wave 

propagation, the coefficient B0 is defined as: 

 
)kh(coshk3

)khsinh(3)kh(sinh

2
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2

1
B

3
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vv0






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




  (3.8) 

Apply the formula (3.7) to determine the CD value coresponding to width of the forest 

belt in Table 3.3. 

Table 3.3. The value of  the  bulk drag coefficient CD 

TT 
Experiment 

scenarior 

d 

(m) 
T (s) 

N1 = 85 trees/m
2
 N2 = 60 trees/m

2
 

Hm0 (m) 
CD 

Hm0 (m) 
CD 

WG4 WG8 WG4 WG8 

1 D10H08T13 0,10 1,30 0,0533 0,0144 0,366 0,0518 0,0175 0,439 

2 D10H08T16 0,10 1,60 0,0558 0,0149 0,316 0,0544 0,0180 0,375 

3 D10H12T16 0,10 1,60 0,0594 0,0152 0,254 0,0571 0,0184 0,268 

4 D10H12T20 0,10 2,00 0,0625 0,0164 0,232 0,0624 0,0196 0,294 

5 D15H08T13 0,15 1,30 0,0680 0,0195 0,674 0,0668 0,0233 0,896 

6 D15H08T16 0,15 1,60 0,0723 0,0222 0,601 0,0705 0,0259 0,792 

7 D15H12T16 0,15 1,60 0,0839 0,0231 0,404 0,0822 0,0269 0,522 

8 D15H12T20 0,15 2,00 0,0871 0,0244 0,331 0,0892 0,0291 0,454 
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TT 
Experiment 

scenarior 

d 

(m) 
T (s) 

N1 = 85 trees/m
2
 N2 = 60 trees/m

2
 

Hm0 (m) 
CD 

Hm0 (m) 
CD 

WG4 WG8 WG4 WG8 

9 D15H15T18 0,15 1,80 0,0883 0,0244 0,275 0,0902 0,0292 0,377 

10 D15H15T22 0,15 2,20 0,0907 0,0251 0,242 0,0932 0,0299 0,341 

11 D20H08T13 0,20 1,30 0,0715 0,0257 0,906 0,0720 0,0301 1,194 

12 D20H08T16 0,20 1,60 0,0764 0,0301 0,850 0,0760 0,0346 1,115 

13 D20H12T16 0,20 1,60 0,1010 0,0359 0,552 0,1008 0,0421 0,717 

14 D20H12T20 0,20 2,00 0,1056 0,0383 0,448 0,1061 0,0448 0,577 

15 D20H15T18 0,20 1,80 0,1160 0,0384 0,391 0,1140 0,0448 0,492 

16 D20H15T22 0,20 2,20 0,1191 0,0396 0,354 0,1169 0,0460 0,439 

17 D20H20T21 0,20 2,10 0,1227 0,0400 0,301 0,1215 0,0464 0,375 

18 D20H20T25 0,20 2,50 0,1256 0,0409 0,266 0,1293 0,0490 0,359 

19 D25H08T13 0,25 1,30 0,0707 0,0340 1,280 0,0718 0,0389 1,618 

20 D25H08T16 0,25 1,60 0,0751 0,0381 1,120 0,0757 0,0428 1,414 

21 D25H12T16 0,25 1,60 0,1054 0,0492 0,792 0,1080 0,0564 1,010 

22 D25H12T20 0,25 2,00 0,1110 0,0535 0,685 0,1133 0,0610 0,865 

23 D25H15T18 0,25 1,80 0,1265 0,0564 0,567 0,1287 0,0646 0,722 

24 D25H15T22 0,25 2,20 0,1313 0,0600 0,505 0,1339 0,0688 0,638 

25 D25H20T21 0,25 2,10 0,1435 0,0613 0,357 0,1489 0,0711 0,470 

26 D25H20T25 0,25 2,50 0,1482 0,0636 0,303 0,1540 0,0736 0,403 

27 D25H25T23 0,25 2,30 0,1480 0,0632 0,289 0,1545 0,0733 0,391 

28 D25H25T28 0,25 2,80 0,1538 0,0647 0,241 0,1605 0,0746 0,335 

Use the calculated values in Table 3.2 to develop an experimental relationship to 

determine the bulk drag coefficcient CD. 

3.2.4.2. Establish the experimental relationship of the bulk drag coefficcient CD 

The bulk drag coefficcient CD plays an important role in determining the energy 

dissipated by plants. CD depends on the parameters of the flow as well as the 

characteristics of the mangroves. Use the Keulegan-Kapenter (KC) parameter to 

describe this dependency.  
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v

pm

b

T.u
KC   (3.9) 

where um is the typical horizontal velocity value. Using the maximum horizontal 

velocity at the depth corresponding to the tops of the trees, determined according to 

the linear wave theory: 

 
 
 khsinh2

)hh(kcoshH
u vrms

m


  (3.10) 

Hrms in (3.10) is the mean value of the forest segment considered. 

Experimental data show that the CD trends to be inversely proportional to the increase 

in KC according to the exponential rule: 

 
)KC.b(

D e.aC    (3.11) 

The experimental data also found that the CD was affected by the height of the tree. 

Therefore, when considering the effect of correlation (water depth ~ tree height) on 

the CD, the tree height correction factor     should be included: 

 







 1;

h

h
min v

h
  (3.12) 

In (3.12) h = 1 when the tree height (     ). 

To account for the effect of correlation (d ~ hv), (3.9) is re-written as follows: 

 KC.KC;.
b

Tu
KC

n
hv

n
h

v

pm

v    (3.13) 

For KCv, the modified Keulegan - Kapenter coefficient, the exponent n > 1 is the 

weights of the height of the tree and is determined based on the suitability of the 

experimental data. 

When the tree is low  (     ) KCv is small, so it is possible to adjust the CD 

incrementaly to be more suitable. 

The equation for determining the bulk drag coefficcient CD depends on KCv as follows: 

 
)KCv.b(

D e.aC    (3.14) 

Results of regression analysis for equation (3.14) with different exponent n values. It 

can be seen that when n increases (n ≥ 1), the correspondence of the regression line 

equation (3.14) with the measurement data from the MHVL experiment also 

increases. The lowest value at n = 0 is irrespective of the effect of correlation (water 
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depth ~ tree height), with n ≥ 3, the regression coefficient R2 tends to increase slowly 

and reach the maximum value when n = 5 (see Figure 3.8). 

Figure 3.8. Relationship between CD  and coefficient KCv (the modified KC) 

Using the value of n = 5, the regression line has a good fit with the MHVL test scores 

(R
2
 = 0,67) (see Figure 3.9). 

The equation for determining the bulk drag coefficcient CD is as follows: 

 
)KCv.0378,0(

D e.618,1C    (3.15) 

Figure 3.9. Relationship between CD and KCv 

3.2.3.3. Developing the semi-empirical formula to determine the propagation wave 

height on mangrove forest 

Consider the case of a horizontal flat bed (or very flat) and ignore the effects of 

cracking waves, bottom friction, equilibrium wave energy equations only by RNM 

after the combination of equation (3.5) and equation ( 3.3) looks like this: 
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where:  
g

0D
1

c.g

BC4
B   (3.17) 

From (3.16) it can be dirived as: cx.B
H

1
1

rms

  (3.18) 

From boundary conditions, waves before forests: when  x = 0 then  Hrms = Hrms,0 → c 

= 1/Hrms,0. Finally the equation  (3.18) is rewriten as: 

  0
g

0,rmsD

0,rms12
20,rms

rms B.
c.g

HC4
H.BB;

x.B1

1

H

H



  (3.19) 

Equation (3.19) is a semi- empirical formula that determines the wave height through 

RNM in the case of a flat bottom, ignoring the effect of the cracking waves and 

bottom friction. 

By comparing the empirical formula of the dissertation (Equation 3.19) with 

measurements from the MHVL experiment, the results of the study are reliable and 

can be referenced in the design of coastal mangroves, especially For the bottom of the 

beach and the waves were broken before entering the beach. (Figure 3.10) 

 

Figure 3.10. Comparison of wave height reduction between calculation (solid line) 

and actual measurement on MHVL (rounded point), Scenario 49 to 56 
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The scope of application of experimental fomula to determine the bulk drag 

coefficient CD (3.15) and semi-empirical formula to determine the wave height 

propagation on mangrove forest (3.19) as follows: 

- The correlation between water depth (d) and tree height (hv): 
d

h v  = (2,25; 1,5; 1,13; 0,9);  

- The correlation between water depth (d) and wave height (Hrms): 
d

H rms  = (0,284 ÷ 1,09); 

 

CHAPTER 4. PROPOSED RESEARCH FOR  DESIGN CALCULATION 

FOR DRAINAGE FOREST PROTECTION PROJECT 

Determining the size and structure of mangroves corresponding to a suitable level of 

reduction is still a practical problem. Applying research results suggesting processes 

and methods of calculating mangrove design suitable for some types of coastal 

topography in Vietnam. 

4.1. RNM design process 

4.1.1 Problem 1. Determine tree density and tree age. The problem is applied in the 

condition of narrow front dike. 

Step 1. Based on the geographic location of the mangrove planting project and the 

design frequency to determine the factors: water level (h), wave height (Hrms,0),  wave 

period (Tp). 

Step 2. Calculate wave height after RNM 

- Determine the reduction coefficient (Kt): Usually, choose large Kt when the dump 

is wide and flat slope; Kt is small when narrow and steep. (Kt = 0.6 ÷ 0.7) 

- Calculate wave height after RNM (Hrms): Hrms = (1 – Kt).Hrms,0; where 









2

H
H s

0rms  

Step 3. Calculate the CD the bulk drag coefficcient 

Assume tree age to determine hv and bv; 

- Apply the formula (3.10), (3.12) to calculate the maximum horizontal velocity (um) 

and the tree height correction factor (  ) at the depth of the tree; 

- Change the um and   into the formula (3.13) to find the coefficient Keulegan - 

Kapenter modified (KCv), (where the coefficient n = 4); 
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- Calculate the CD by the formula (3.15) by knowing KCv 

Step 4. Calculate tree density 

- Change the B2, CD found in Step 2 and Step 3 to find the coefficient B0 

- Change B0, hv, bv into formula (3.8) to find the tree density (Nv). 

Based on the tree density (Nv) found and the correlation between Nv, bv, hv for 

consideration. If correlation Nv ~ bv; Nv ~ hv does not match, resets the parameters bv, 

hv to recalculate Nv from Step 3. 

4.1.2 Problem 2. Determine the width of the RNM belt. The problem applying with 

the beach in front of  the dike is wide and flat slope. 

Step 1. Based on the location of the mangrove forest project and frequency of the 

design to determine the water level (h), wave height (Hrms,0) and wave period (Tp). 

Step 2. Select tree species and age: Based on site conditions and CNM distribution, 

select appropriate tree species and age. The purpose is to determine the CNM 

resistance area (calculated tree diameter - bv) according to Equation (3.6). 

Step 3. Calculate the design of the RNM wave reduction 

- Determine the wave reduction coefficient (Kt): Usually, choose large Kt when the 

beach is wide and flat slope; Kt is small when beach is narrow and steep. (Kt = 0.6 ÷ 

0.7) [40] 

- Determine the wave height after RNM (Hrms): After determining Hrms,0 and Kt will be used 

to calculate the wave height after forest (Hrms): Hrms = (1 – Kt).Hrms,0; where 









2

H
H s

0rms  

- Determination of tree density (Nv): Based on the biological characteristics of tree 

species and tree age to determine appropriate density of trees. The smaller the tree, 

the thicker the density. 

- Determine the width of the RNM (X): the formula (3.19), (3.15), (3.13) and (3.8) 

4.2. Applying design of wave-reducing mangrove for selected sea dyke in Giao 

Xuan commune, Giao Thuy district, Nam Dinh province 

a) Survey, collection of coastal dynamics factors, natural conditions and CNM in the 

project area. 

- Measurement of terrain to determine the average slope cross-section of the beach: i = 6.93 ‰; 

- Determine the design frequency to select designed water level (Hrms,0) and designed 

wave height (h): P = 2%; h = 2.214 m; Hs = 2.10 m; Tp = 10.89 sec. 
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- Select tree species, tree age to determine tree height parameters (hv) and CNM 

occupancy area (bv); hv = 4,5 m; bv = 0,1717 m. 

b) Assumption that the plant density (Nv) and wave reduction coefficient of RNM 

(Kt): Nv = 2500 trees/ha; Kt = 0.7. 

c) Determine the width of the RNM wave blocking belt (X) 

The results are as follows: - The width of the RNM wave reduction: X ≈ 485 m; 

- The bulk drag coefficient CD of RNM is: CD = 0.518. 

 

 

Figure 4.1. Map of Giao Xuan commune, Giao Thuy district, Nam Dinh province 

 

CONCLUSIONS AND RECOMMENDATIONS 

I. Achieved results of the thesis 

1. Overview study 

Overview of the research on the role of wave reduction of CNM and RNM 

mangroves in Vietnam and in the world, the thesis has outlined the problems of the 

previous research, full identification of dominant effect of mangrove forests for 

reducing the wave height. Based on the analysis and assessment of the geolocation 

site and distribution of CNM, coastal hydrological conditions in the coastal study area 

to propose the main focus was to study the reduction effect of pure mangrove species 

(Sonneratia caseolaris) taking into account the specific natural conditions of the 

coastal areas of Thai Binh and Nam Dinh. 
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2. Achivement study by mathematical model 

Select, use non-hydrodynamic model of marine wave dynamics (SWASH) to 

evaluate the trend and influence of factors such as tree age, tree density and forest 

width as the basis for the design. Developing MH and setting up MHVL experimental 

scenarios. Calculated results by MHT show that: 

- The larger the tree structure, the more the wave height decreases. 

- The thicker the tree density (N) is, the greater the reduction in wave height (Hmr0) it 

is. However, this relationship is also influenced by the correlation between water 

depth (d) and tree height (hv). With the same density of trees, if the tree is higher than 

the water depth (hv ≥ d), the reduction effect will be higher. 

- The wider the width of the RNM belt is, the more efficient the wave height 

reduction is. With a width of 300 m (equivalent to 15 m on the MH), RNM can 

reduce over 70% of the wave height. 

RNM with a width of X = 300m (equivalent to 15m on the model) and a density of 

trees of 2125 plants per 1 hectare (85 plants per 1 square meter on the model) is a 

reasonable scope for further research on MHVL.  

3. Accomplishment study by physical model 

a) Establishment of the experimental fomula bulk drag coefficient CD of RNM, which 

takes into account the complex dependence on flow parameters as well as plant 

characteristics of mangroves.  
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b) Develop a semi-empirical formula to determine the propagation wave height on 

mangroves in case the bottom slope is flat, ignoring the effect of breaking waves and 

bottom friction. Wave height after RNM is determined by the formula:  
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By comparing the computed data with the measured data from the MHVL 

experiment, it is showed that the results of this study are reliable and can be applied 
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in coastal mangroves, particularly in the case where bottom slope is not steep and the 

waves were broken before entering the beach. 

4. Applied research 

- In order to apply the research results of this thesis in practice in the design of wave-

reducing mangrove, the researcher proposes the process and method for calculating 

and designing the wave reduction RNM for two common popular types of beach 

structures in practice in Vietnam coastal areas   

- Apply the proposed process and calculation method to calculate the mangrove 

protection design in Giao Xuan commune, Giao Thuy district, Nam Dinh province. 

II. Limitation and Future work 

1. Limitation  

- The thesis research has focused on wave reduction for mangroves (Sonneratia 

caseolaris), which has not yet been considered for mixed forest species. 

- The new contribution of the thesis is based on MHVL experimental results, support 

from MHT and computational software. The results of this study have also been 

evaluated according to a number of data in the coastal area of Nam Dinh province. 

These results will be more convincing when there are more long-term measurements 

and in sync with the coastal dynamite factors. 

2. Future work 

- Determine the logical space between: mangroves ~ wave break zone ~ sea dyke 

system; 

- Extend the study of wave reduction for mixed mangrove forests. 

- The further study on  the effect of beach slope on the reduction of wave energy in 

mangroves. 

III. Request 

To add new contributions of the thesis to the guiding documents for calculation and 

design of mangrove forests to reduce waves for coastal dike protection; 

Continue research on the rational space of mangroves for reducing the waves and 

research on the wave reduction effect of mixed mangrove forests; 

Update database on characteristics and structure of some other mangrove species in 

different areas for reference and general application. 
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