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Motivation and Objective

Motivation: Green-belt protection

Coastal forests as natural barriers against ocean waves

• Wave reflection and wave attenuation by the coastal trees

• Tsunamis, storm surges, tides, daily coastal waves: limited 

protection!

 Focus on dense coastal forests: trees that will stand!

• Coastal ecosystem: dispersion coefficient, etc.

Objective: To develop a theoretical model for surface 

waves through emergent trees

• Emphasize on the propagation and dissipation processes

• Evaluate the effectiveness of the coastal forests



How to describe these coastal trees?

• Distribution of trees?

• Tree trunks? roots? leafs? branches?

• Soil types?

• Trunks: rigid or deformable?

• Emergent or submerged?

M.W.L.



An idealized model: rigid cylinders

Emergent!

Rigid!

Uniform!

Trunks only!

Horizontal periodicity (top view): cell concept



Mathematical models & simplifications

Basic assumptions

o Slowly varying topography

o

o Reynolds averaged equations

o Linearized equations: small-amplitude waves

o Eddy viscosity model for wave-forest turbulence 

Additional conditions

o

o

o





Two-scale analysis

Series expansions:  

o

o

o

o Time scale: wave period

Homogenization: two distinct scales
o Horizontal periodicity over wavelength-scale

o Macro problem: leading-order equations governing wave 
motions with effects of rigid cylinders

o Cell (micro-scale) problem: determine the effective 
parameters due to the presence of a costal forest



Leading-order solutions

Periodic waves

Solution forms

Macro equations: wavelength-scale

Micro (cell) equations: tree-spacing scale



Homogenization: macro equations

Eddy viscosity

--- to be discussed later



Horizontal directions

Vertical direction

Boundary conditions

Homogenization: cell problem

To be discussed later



Solution procedure

Numerical solutions (FDM); Analytical solutions?



Sample cell problem: FEM solutions



Several cylinders in a unit cell



Sample cell solutions



Macro-scale problem for constant eddy 

viscosity

Period wave through a circular forest

Sketch of the research problem Arrangement of cylinder array



• Outside region:

• Forest region:

Complex coefficients:

Constant for each cell

Complex potential

Leading-order governing equations 
(dimensionless)



• Matching conditions along 

• Outside region:

• Forest region:

Incident waves

Macro-scale analytical solutions



• Energy balance concept

 Viscous dissipation = Work input

• Wave force on one or more cylinders

 A single cylinder: Morison equation

 Multiple cylinders (idealized coastal forests)

 No information on drag and inertia coefficients

 Focus on time-averaged energy (work-dissipation) balance:

Eddy viscosity by energy balance



• Averaged rate of work done and dissipation

• Energy balance

Time-invariant eddy viscosity



Bulk (constant) eddy viscosity and drag 

coefficient

• Averaged rate of work done and dissipation

• Energy balance

Bulk eddy viscosity Bulk drag coefficient



Hu et al. (2014) for bulk drag coefficient:

 Conduct flume tests on a forest belt with finite thickness 6 m 

(normal incidence)

 Use rigid cylinders to model the forest

 Directly measure the forces on individual cylinders

 Use the same time-averaged formula to calculate the drag 

coefficient

 Use both submerged and emergent cylinders

 Propose a new drag coefficient formula for periodic waves and 

combined wave-current conditions



Bulk drag coefficient

Hu et al. experiments (2014)
 Reynolds number

 Hydraulic radius

 Porosity



• Eddy viscosity is considered as a constant in the 

entire forest. 

• Iteration for eddy viscosity

• An initial guess for eddy viscosity

• Solve the cell problem first

• Solve the macro problem based on the cell solutions

• Calculate the new eddy viscosity

• Convergence test: around 10 iterations

Iterative scheme for eddy viscosity



Model testing & application



Intermediate depth: a 2HD example

(I) (F) (T)

Obtained by matching velocity & pressure along interfaces

Dispersion relationships:



Model validation (Hu et al. 2014)

• Two-dimensional forest belt with normal incidence

 Compare the dimensionless relative wave amplitude inside 

the forest with the wave gauge measurements



How appropriate is the constant eddy 

viscosity model? 

Bulk eddy viscosity 

vs.

Varying eddy viscosity

Normalized dimensionless 

wave amplitude



NEW 

LABORATORY EXPERIMENTS
UNIVERSITY OF CANTABRIA, SPAIN



• Wave basin: 28 m long, 8.6 m wide and 1.2 m deep

• Wave maker: piston type with 10 independent paddles

• Passive wave absorber: mild slope gravel beach (1:12)

• Forest region: circle with 3 m in diameter, 880 cylinders in use

• Circular cylinder: 50 cm long, 3 cm in diameter

Experimental setup

Porosity = 91.3 % 



• Instrumentation: 22 wave gauges

Experimental setup (cont.)



Experiments



• Two water depths were tested (h=30 cm, 40 cm)

– Wave period ranges from 1.00 sec to 2.75 sec

– Incident wave height ranges from 2.50 cm to 7.56 cm

Experimental conditions

Table 1. Frequency Test II

Case h (cm) T (s) H (cm) L (m) kh kA Rev CD 

4F2

40

1.00 4.90 1.464 1.717 0.105 9829 3.088 7.04E-04

4F3 1.25 5.54 2.052 1.225 0.085 13361 2.970 1.28E-03

4F4 1.50 5.38 2.616 0.961 0.065 14275 2.946 1.85E-03

4F5 1.75 5.30 3.162 0.795 0.053 14768 2.934 2.50E-03

4F6 2.00 5.22 3.695 0.680 0.044 15017 2.928 3.21E-03

4F7 2.25 5.04 4.220 0.596 0.038 14902 2.931 3.88E-03

4F8 2.50 5.06 4.739 0.530 0.034 15192 2.924 4.73E-03

4F9 2.75 5.22 5.254 0.478 0.031 15744 2.912 5.78E-03



Numerical results vs. data (a)

4F2

Water depth 0.40 m

Wave period 1.00 s

Wave length 1.46 m

Wave height 4.90 cm



4F3

Water depth 0.40 m

Wave period 1.25 s

Wave length 2.05 m

Wave height 5.54 cm

Numerical results vs. data (b)



4F6

Water depth 0.40 m

Wave period 2.00 s

Wave length 3.70 m

Wave height 5.22 cm

Numerical results vs. data (c)



Surface waves through emergent coastal trees

Summary
o A macro-theory for wave motions, with effective coefficients 

obtained numerically from the micro-scale problem

o Analytical and numerical solutions have been discussed

o New eddy viscosity model

o Good agreements between the theory and the experimental data

Important facts
o Strong wave attenuation 

o Considerable reflected waves

o Theory can be used as a design guideline

Improvements
o Choice of eddy viscosity: need more experimental works! 

o Weakly wave nonlinearity

o Tree trunks: flexible cylinders

o Submerged vegetation



End.   

Thanks!

Questions? 


