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In the whole PhD research, the potential capability of coastal vegetation as a natural barrier against tsunami and
the effects on the river vegetation due to flooding were investigated in Sri Lanka and Japan, respectively. A field
survey was conducted at Eastern coastline of Sri Lanka to study the present situation and the effectiveness of coastal
vegetation against the tsunami. In addition, field experiments were conducted at the floodplains of Arakawa and
Komagawa Rivers in Japan to investigate the limitation of the trees under severe flooding conditions. The following
paragraphs describe the summary of the results of each investigation.

In Chapter 3, the effectiveness of coastal vegetation against tsunami was investigated. Open gaps in C. equisetifolia
forests were identified as a disadvantage, and introduction of a new vegetation belt in front or back of the existing
C. equisetifolia forest is proposed to reduce the disadvantages of the open gap. Among the many plant species
encountered during the field survey, ten species were selected as effective for tsunami disaster mitigation. The
selection of appropriate vegetation for the front or back vegetation layer was based on the vegetation thickness per
unit area (dN ) and breaking moment of each species. A numerical model based on two-dimensional nonlinear long-
wave equations was applied to explain the present situation of open gaps in C. equisetifolia forests, and to evaluate
the effectiveness of combined vegetation systems. The results of the numerical simulation for existing conditions of
C. equisetifolia forests revealed that the tsunami force ratio (R=tsunami force with vegetation/tsunami force without
vegetation) was 1.4 at the gap exit. The species selected for the front and back vegetation layers were Pandanus
odoratissimus and Manilkara hexandra, respectively. A numerical simulation of the modified system revealed that
R was reduced to 0.7 in the combined P. odoratissimus and C. equisetifolia system. However, the combination of C.
equisetifolia and M. hexandra did not effectively reduce R at the gap exit. Therefore, P. odoratissimus as the front
vegetation layer is proposed to reduce the disadvantages of the open gaps in existing C. equisetifolia forests. The



optimal width of P. odoratissimus (W,) calculated from the numerical simulation was W =10 m. R at the exit of a
15-m-wide open gap was 0.8, and therefore the proposed system was appropriate for cases with the highest velocity
at the gap exit as well. Establishment of a new front vegetation layer except for open gaps that are essential, such as
access roads to the beach, is proposed.

In Chapter 4.1, effects of local scouring (full) and saturation of the soil in the root-anchoring zone due to flooding
were investigated on R. pseudoacacia, an exotic and invasive plant in Japanese rivers. Scouring has been defined as
the removal of substrate in the root-anchoring zone, exposing the tree roots. Tree pulling experiments were conducted,
simulating flood action, and the resulting damage was examined in order to assess the effect of local scouring on the

M__ for overturning.

Scouring was artificially created to three different depths, 0 cm, 25 cm, and 50 cm. A non-linear model was
developed including soil strength characteristics to calculate the critical overturning moment (M_,) under dry and
saturated soil conditions. Significant correlations (p<0.05) of M with different tree and root-soil plate characteristics,
such as diameter at breast height (D,,), tree weight, root depth, and root-soil plate radius, were developed in order
to elucidate the effects of scouring on M__ . M__ was slightly reduced with scouring depth for trees with D, < 10
cm (small) trunks, and it was significantly and negatively (p<0.05) correlated with scouring depth for trees with
10<D,, <20 cm (medium) trunks. However, M__ was not changed significantly with scouring depth for trees with a
D, > 20 cm (big) trunks. The non-linear model was pertinent to determine the M__ of R. pseudoacacia under dry and
saturated soil conditions. The overturning moments of all (small, medium, and big) trees were considerably reduced
under the saturated soil condition. It could be concluded that medium-size trees were largely affected by scouring, and

small and big trees were mainly affected by saturation of the soil under severe flooding conditions.

In Chapter 4.2, effects of root architecture, physical tree characteristics, and soil shear strength on overturning
moment due to flooding were investigated using S. babylonica and J. ailanthifolia, exotic and invasive plants in
Japanese rivers. Tree pulling experiments that simulated flood action were conducted, and the resulting damage
was examined in order to assess the effects of physical tree characteristics and root architecture on the M__ for
overturning. In situ soil shear strength tests were conducted in order to measure soil strength parameters. The effects
of species differences on the M__ were examined by analysis of the root architecture. S. babylonica has a heart-root
system that produces a greater overturning moment due to the strong root anchorage and the large amount of substrate
that must be mobilized during overturning. J. ailanthifolia has a plate-root system that produces a smaller overturning
moment. However, trees with the plate-root system may withstand overturning better due to an increased root:shoot
ratio. The results of the study show that the M__ of a tree for overturning had significant (P < 0.05) correlations with
a tree’s physical characteristics, including the tree height (H), D, D,,?, height multiplied by the second power of
D,, (trunk volume index: H*D, %), and root-soil plate depth and radius. Considering the strategy of J. ailanthifolia to
increase the root:shoot ratio for anchoring in the substrate, the trunk volume index (height*D, ?) is a better parameter
than D, ? because it indirectly involves the difference in belowground volume and surface area. Different soil cohesion
values were found at different experimental sites, and the average M, ., for overturning each species decreased linearly

with increasing soil cohesion.

In Chapter 4.3, the removal of soil in the root anchoring zone by means of local scouring and river bank erosion



due to flooding were investigated on R. pseudoacacia, an exotic and invasive plant in Japanese rivers. Tree pulling
experiments were conducted, simulating flood action, and the resulting damage was examined in order to assess the
effect of local scouring and river bank erosion on the M__ for overturning. Data was analyzed by dividing the trees
into two groups at each model scouring and river bank erosion conditions in such a way that D,, < 15 cm (small trees)
and D,, > 15 cm (large trees). Local scouring and river bank erosion were modeled artificially in to four different
mechanisms. The M__ of large trees was not changed with local scouring and bank erosion conditions due to greater
rooting depth. In the case of small trees, bank erosion condition has significant effects on overturning moment of
trees than the local scouring condition. The removal of substrates at compressive side of the root-soil plate results in
lesser M, ., values since both compressive strength of soil and resistance strength of roots are decreased by removing
substrates. The M__ of large trees could be expressed as a function of D, %
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