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Cp(zg)
zg) = == 7
CD—ref
where b(z5) and Cp(zg) are the projected width and drag coefficient of a tree at the height
Z from the ground surface, and b, and Cp, . are the reference width of the trunk and the
reference drag coefficient at the breast height in principle, respectively.

2.2 Definition of forest thickness By,

Shuto (1987) defined forest thickness by combining both effects of forest width and tree
density. Tanaka et al. (2009) improved it to include the resistance characteristics due to tree
species (Cp_)- In the present paper, the forest thickness improved by Tanaka et al. (2009)
was used with SI unit as follows:

B = ¥ (1 X Bp) bee .oy = ¥BrbyCoan ®)
where b, can be considered as the reference width per one tree and b’ ; is a logical refer-

ence width to make so that By, has a unit of meter in the simple form. By, is the cross-

shore forest width. Note b . has the same value as b, but the unit of m?/tree.

2.3 Definition of non-dimensional forest thickness

In the present study, the following non-dimensional forest thickness combining forest and
tsunami conditions is defined:

Banan _ YBgby Cp i ©
T gHs]() TVgHSIO

where T+/gH, is considered the representative wave length at the shoreline, and T and
Hg, are tsunami period and height at the shore line, respectively. The range of this non-
dimensional parameter in the present study was 0-0.00217 excepting the additional case of

B = 1000 m.
2.4 Tsunami force

A tsunami force vector (F*) is defined by the following equation (Tanimoto et al. 2007;
Thuy et al. 2010, 2012; Thuy et al. 2017):

ﬁ:%mﬂﬂ (10)

where V is the flow velocity. This is a potential tsunami force integrated over the inundated
depth d and corresponds to the total drag force due to tsunami acting on a virtual high col-
umn with a unit width and a unit drag coefficient. For an example, the integrated drag force
vector (f’Tree) on a single tree with the height of Hp,, can be calculated by the following
relation:

- _ =
FTree - CD-allbrefF ’ HTree >d

Y

Hrpee 2.,
= CD—al]breffF ’ HTree <d
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In reality, flow bifurcation near a tree can be observed. This generates imbalance in flow.
In the numerical model however the depth-averaged flow is considered through the forest.

2.5 Method of numerical simulations

Equations (1) and (2) were solved by a finite-difference method with a staggered leap-frog
scheme. An upwind scheme was used for nonlinear convective terms in order to maintain
numerical stability. A semi—Crank—Nicholson scheme was used for the terms of bed fric-
tion, drag, and inertia (Nandasena et al. 2008; Thuy et al. 2009a, b, 2010, 2012). The wave
generation zone has a constant water depth in which governing equations are behaved as
linear long waves. This method was used to generate non-reflective waves at the wave gen-
eration boundary. The incident sinusoidal tsunami was given as a time-dependent boundary
condition at the wave generation zone. A number of algorithms are necessary to simulate
the flow when the water surface elevation is high enough can flow to the adjacent dry cells.

3 Experiments and validation of numerical model
3.1 Experimental setup and conditions

The present experiments were similar to that of Thuy et al. (2009a, b, 2010) in which a
simplified forest model of vertical cylinders with a fixed width, and tree density was inves-
tigated by a fixed condition of long waves in a wave channel with 0.4 m wide. The model
scale was 1:300. However, the vertical configuration of a real Pandanus tree was scaled
down to a rigid cylinder by taking breast height diameter and some contribution from
Alpha function. We also kept the Froude number similarity between the model and the
prototype. The effect of forest conditions (width and density) on the flow velocity and flow
depth behind the forest model (Fig. 1) was mainly investigated.

The experimental setup in the wave channel where the forest model was set in the
water area for the convenience of velocity measurements (Fig. 1). Trees were modeled by
stiff wooden cylinders with a diameter of 0.005 m mounted in a staggered arrangement.
The forest model was placed in shallow water and still water depth behind the model at
x =11.36 m was 0.037 m (Fig. 1). Three densities of trees with fixed forest width of 1.0 m
were tested; 500, 1000, and 2200 trees/m>. Then, the forest width was changed in cases of
0.2, 0.5, 0.7 and 1.0 m with the fixed density of 2200 trees/m. In addition to those cases,
experiments for the case of no forest model were also conducted.

The flow velocity and water surface elevation were measured at the gauges (Fig. 1b).
Water surface elevations were measured using capacitance type wave gauges, while flow
velocities were measured using electromagnetic current meters in two perpendicular hori-
zontal directions (along the flow and normal to the flow) at the middle of the still water
depth. Wave conditions were fixed as that the incident wave height at still water depth of
wave generation boundary 0.44 m was 0.02 m and the wave period was 20 s (Fig. 1a) simi-
lar to the previous experiments (Thuy et al. 2009a, b, 2010).

3.2 Model validation with experimental data
The uniform grid size of 0.005 m and time step of 0.002 s were selected for modeling of

experimental data. The Manning’s roughness coefficient was 0.012 s/m'”? for the relatively
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Fig. 1 a Experimental setup with the forest model in the wave flume, and b plan view of the flume showing
the measuring locations for water surface elevation and velocity of waves

rough wooden bottom. The drag coefficient Cpy_ .+ depends on both the Reynolds number
and relative spacing of vegetation (s/D), where s is the distance between cylinders and D is
the diameter of cylinder (Thuy et al. 2010). However, the interaction between multiple cyl-
inders becomes small when s/D is larger than 2, and the drag coefficient of multiple cylin-
ders approaches to a single cylinder (Chakrabati 1991). In our experimental conditions, the
drag coefficient may be assumed as a single cylinder since the s/D is considerably greater
than 2. The drag coefficient Cp_.; was determined to be 1.5 after calibration of the numeri-
cal model for the cases with the tree density of 1000 trees/m* and forest width of 0.5 m.
The Reynolds number for the experiment was around 300 which is consistent with the drag
coefficient of a circular cylinder in laminar flows. Figure 2 displays wave height measured
at six locations (Fig. 1b) in cases of no forest model and forest model. In the figure, the two
cases simulated with the incident wave height of 0.02 m were plotted for the actual channel
length. The distribution of wave height along the channel length extended by 21 m which
equals half a wavelength at the still water depth of 0.44 m were also shown. The simulated
wave heights agreed well with measured wave heights. Figure 3 displays the temporal vari-
ation of flow velocity at the center point behind the forest model (at x = 11.37 m, Fig. 1)
for the case Br = 1.0 m and y = 0.22 trees/cm?. It is confirmed that the flow velocity was
almost steady in pattern and the simulated maximum value in particular agrees well with
the measured maximum values as already shown in the previous study (Thuy et al. 2009a,
b, 2010).
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Figure 4 shows the change in wave crest ({,,,,), and maximum velocity at the center
point behind the forest model (V,,,,) against the forest width and density, respectively. For
both cases, the wave crest and velocity decreases as forest width and tree density increases.
The numerical results agree fairly well with the experimental results.

4 Application of the model to prototype condition
4.1 Topography and forest

A uniform coastal topography (slope 1/500), as displayed in Fig. 5, was selected as a proto-
type case. The bathymetry profile consisted of three slopes 1/10, 1/100, and 1/50. The sea
depth at the wave generation zone with a horizontal bottom was 100 m below the datum
level of mean sea level. The tide level when the tsunami arrives was considered to be 2 m,
and therefore the still water level was at 2 m above the datum level. The direction of the
incident tsunami was normal to the shoreline. The coastal forest began at the starting point
of the slope of 1/500 on the land (x = 5700 m; Fig. 5), where the height of the ground
was 4 m above the datum level (i.e. 2 m above the tide level at tsunami attack). The forest
was assumed to extend infinitely in the direction of the shoreline (y-axis) with the same
arrangement.
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and width on the maximum = © Exp. --- Num.
velocity and wave crest height B 044 & Exp. —Num. 003
z T E
14 10.02 &
g 2
= <
E {oo1 &
§ Maximum Velocity
0 T T T T 0
0 0.05 0.1 0.15 0.2 0.25
V4 (trees/cmz)
(@)
s 0.5 q A Exp.  ---Num. r 0.04
wn
E 0.4 o Exp. —Num. —_
2 Wave crest - 0.03 =]
2 03 7
o wn
ER 002 5
g 024 TR 4
= R S Aemeceeenann . =
£ o4 4001 =
= 0 . .
§ Maximum Velocity
0 T T T T 0
0 0.2 0.4 0.6 0.8 1
B (m)
(b)
Fig. 5 Schematic sketch of bed Coastal forest
profile with coastal forest for 1 J 1
prototype simulation 20 o 500
\
O v I 1 1 |
-2000 6000 8000 10000
20
z(m) x (m)
-40
-60
-80
——+56—

Pandanus odoratissimus was considered the candidate tree type in the present study.
They have a complex aerial root structure that provides additional stiffness and increases in
the coefficient of drag (Tanaka et al. 2007). It was observed in the field surveys conducted
after the 2004 Indian Ocean tsunami that a weak point of P. odoratissimus is just above the
top of aerial roots as the root region shares the breaking moment (Tanaka et al. 2007). Fig-
ure 6b shows a, f and Cp_; of P. odoratissimus modified slightly from those proposed by
Tanaka et al. (2007) to the following conditions: the tree height Hy,.. = 8 m (for a mature
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Fig. 6 Characteristics of P.
odoratissimus. a Photograph of
mature P. odoratissimus trees,
and b vertical distribution of a,
and Cp_y,

08 1
ZG

f,, °° Cpan(d)
d o4

H

tree), the reference diameter b,; = 0.195 m, and the reference drag coefficient Cp_; = 1.0.
The reference drag coefficient of 1.0 was adopted for the trunk with a circular section and
a rough surface in the region of high Reynolds number (Nandasena et al. 2008; Thuy et al.
2009a, b, 2010, 2012). The value of Cp_,;,; varies at different rate with the flow depth d
(inundated depth) because the projected width b and the drag coefficient Cp, vary differ-
ently with height from the ground surface Z;. The drag coefficient Cp, varied from 1.5 to
1, according to the spacing of the aerial roots and leaf, which obtained based on the field
survey (Nepf 1999; Tanaka et al. 2007). The inertia coefficient was kept as 2.0 as there was
no field values in particular related to tsunami-vegetation studies.

4.2 Conditions of tsunami and forest

As already described, the tsunami propagation to attack the coast was perpendicular to the
shoreline at the tide level of 2 m. Incident tsunami waves at the offshore boundary was
represented by large sinusoidal waves with different wave period and height which were
changed in the ranges from 600 to 3600 s and from 2 to 8 m, respectively, for selected
cases. In the present paper, the run-up of a single wave was analyzed that representing the
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Table 1 Summary of all
simulation cases of combined
conditions of forest and tsunami

Series B (m) 7 (trees/m?) Hg, (m) T(s)

Change of forest conditions

1 0-200, 1000 0.226 6.94 1200

2 100 0-0.4 6.94 1200

Change of tsunami conditions

3 100 0.226 3.08-8.51 1200

4 100 0.226 6.94 600-3600

Change of tree density and tsunami conditions

5 100 0.05 4.21-7.73 1200

6 100 0.05 6.94 600-3600

7 100 0.1 4.21-7.73 1200

8 100 0.1 6.94 600-3600

Change of forest width and tsunami conditions

9 20 0.226 4.21-7.73 1200

10 20 0.226 6.94 600-3600

11 50 0.226 4.21-7.73 1200

12 50 0.226 6.94 600-3600
Shoreine (g runp hoigt 02 3 4 5 6 65 7 8
i’fi‘ﬁ ;‘;iglz?icf 2(55’?3) incase g (m) 308 421 519 609 694 734 773 851

Ry (m) 299 408 508 598 6.88 731 772 848

Rpy/10%km) 591 114 1.64 209 254 275 296 3.32

highest wave among the wave train of a tsunami. Numerical simulations were conducted
for twelve series of combined conditions of forest and tsunami as tabulated in Table 1.

5 Results and discussions
5.1 Modeling results and simple formulae
5.1.1 Tsunami height at shoreline, run-up height and distance

The incident tsunami height (H;) at the generation boundary was random, because the gen-
eration boundary may be set at any arbitrary depth. Therefore, the tsunami height (H)
above the ground surface at the shoreline, the final run-up height (Ry,) above the still water
level and the final run-up distance (Ry,) from the shoreline in the case of no forest are tab-
ulated in Tables 2 and 3 in order to demonstrate the incident tsunami scale more generally.
This means the conditions of the local tsunami were treated as the important factor than the
incident wave conditions defined at the generation boundary. In this paper, therefore, H,
was used instead of H; and called the incident tsunami height for the simplicity. Note that
the suffix O indicates the case of no coastal forest.
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Table 3 Tsunami height at shoreline (H,), run-up height (Ry,) and distance (Rp,) in case of no forest
(Hyp=6.94 m)

T(s) 10 x 60 20 X 60 30 x 60 40 % 60 50 x 60 60 x 60
H o (m) 6.94 6.94 6.94 6.94 6.94 6.94
Ry (m) 6.01 6.88 7.22 7.36 7.45 7.46
Ripy/10%(km) 2.10 2.54 2.71 2.77 2.82 2.83
109 R (m)=0.968F Ry (m)=0.802H
R?=0.9997 R?=0.9993
’g 8 Ry o(m)
= | Rpom962Hyo" ™ Rp(m)=T33H ;0" -
S 61 R’=0.9923 R’=0.9917 s
Q
i 44 A Ry (m)
£ R py/10°(km)
é 29 g
0 T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9

H o (m)

Fig. 7 Run-up height (Ry) and run-up distance (Rp,) against incident tsunami height (H)

Figure 7 shows the run-up height and run-up distance against the incident tsunami
height H, at the shoreline in case of 7= 1200 s for both with and without forest condition.
The forest condition in this case was width B = 100 m and density y = 0.226 trees/m?. The
relationship between run-up height and incident tsunami height was almost linear and can
be expressed as:

Ryg = 0.968H,, Ry = 0.802H, (12)

But the relationship between run-up distance and the incident tsunami height was slightly
nonlinear due to the change of slope from 1/50 to 1/500 in the run-up zone. The run-up
distance is not further discussed.

Fig. 8 Non-dimensional run-up
height against non-dimensional
combined parameter (vegetation
and tsunami)

o: Runup height data (series 1-12)

T T T T 1
0 0.0005 0.0010 0.0015 0.0020 0.0025

By /(T gH,, )
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Fig. 9 Correlation of run-up 10 e
height by numerical simulations
and by curve-fit equation

R (m) by numerical simuation
S
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®
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Figure 8 shows all simulation results of the run-up height by changing the conditions of
tsunami and forest in the non-dimensional form. The run-up height was made dimension-
less by H, and the abscissa is the non-dimensional forest thickness defined by Eq. (9).
The zero of the abscissa corresponds to the case of no forest and the non-dimensional run-
up height is around 1.0 and it does represent the run-up for the case without vegetation.

The best-fit equation to represent the tendency of all results is given by the following
equation:

R B
B —0.293exp | —1032—24 ) 4 0.692 (13)
s10 T+/gHq

Equation (13) gives about 1.0 for the case of no forest and about 0.7 for the case of infi-
nite non-dimensional forest thickness. The accuracy of proposed equation was not so bad
although data were considerably scattered due to variety of conditions. Figure 9 shows the
correlation of run-up height by numerical simulations and by the best-fit equation (Eq. 13).
It can be noticed that the error is within 10%.

Fig. 10 Time profiles of flow 10 = F* ax

J— *
depth (d), flow velocity (V), £ (kN/m)
tsunami force (F") in front g | — d(m)
of the forest (Bg = 100 m,
y = 0.226 trees/m?, Hyy = 6.94 m 6 V (m/s)

and T'= 1200 s)

0 T T T — ~ | 1
25E0 600 700 800 900 M ~ 1100

t(s)
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5.1.2 Tsunami forces

Figure 10 shows the time variations of flow depth d, flow velocity V, tsunami force F*
in front of the forest for the case of B = 100 m, y = 0.226 trees/m”, Hy, = 6.94 m and
T = 1200 s. The flow velocity and tsunami force are vectors and, for example, flow velocity
can be defined by the following equation in the direction of x-axis in this study:

V =sign(V,)

f/‘ (14)

As shown in Fig. 10, their peak appeared at different time. In particular, the maximum of
V appeared early when the flow depth was low, consequently tsunami force was not at its
peak. Therefore, representative flow depth and velocity are defined as values at the time
of temporal maxima of tsunami force (F},,5)- They are denoted as dp,max,> Vr.max for
Fihax- Those maximum and representative values are as follows:

dmax = 5.94m, Viax = 2.64m/s, Fi .\ /10° = 9.090kN/m

dF*max =5.80m, Vp*max =1.76 Ill/S

. . £3
The maximum tsunami force F' max

was non-dimensionalized as the following relation:
*
Fmax

2
PgHy,

5)

where pgH?, (unit: N/m) equals two fold of hydrostatic force acting on an imaginary high
wall per unit width by flow depth of H,. The non-dimensional tsunami forces obtained for
the incident tsunami conditions of 7= 1200 s and H, = 6.94 m with different forest condi-
tions of width and tree density (series 1 and 2 in Table 1) and were plotted against the non-
dimensional forest thickness in Fig. 11. The tree density was kept constant as 0.226 trees/
m? when change in forest width and constant forest width as 100 m when change in density
of forest. Tsunami forces behind the forest (point B) and in front of the forest (point A) are
simply denoted as Fiy ., 5 and Fp.. . respectively. In front of the forest and behind the
forest, non-dimensional tsunami force decreased as the non-dimensional forest thickness
increased, with change in forest width and tree density. The best-fit equations of tsunami

O: data of different B (y=0.226 trees/m?, H +10=0.94m, T=1200s, B p=0-200m)

. 0.08 A: data of different y (B p=100m, H ;;=6.94m, T=1200s, y=0-0.4 trees/mz)
“ !

2 :
T 0.06 AtA (R’=0.9921)

& AtB  (R?=0.9827)
= 0.04

s
L

&, 0.02 Lad T

0 T T T T ]
0 0.0005 0.001 0.0015 0.002 0.0025
B / (T gH )

Fig. 11 Non-dimensional tsunami force against non-dimensional forest thickness at B (behind the forest)
and A (in front of the forest)
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Fig. 12 Tsunami force against 120 _‘ ay =189 % 10° N/m®  (no forest)
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force at A and B are given as Eqgs. (16 and 17). Those best-fit equations agreed well with
the simulation results.

P B 0.492
—RP2 = 0.0794expq311| —F— (16)
P8H, T+/gHyj
B,
T8 =0.0814exp { 334 —2 (17)
pgHy, T+/gHyo

When the incident tsunami condition varied, however, the formulation was not simple
against the non-dimensional forest thickness. Therefore, the curve-fit equation with dimen-
sion was considered first. Figure 12a, b shows tsunami forces at two check points (B,
behind the forest and A, in front of the forest) and the tsunami force F’ :nax 0 in the case of
no forest against the incident tsunami height and period. The conditions were By = 100 m,
y = 0.226 trees/m?, T = 1200 s (for varying tsunami height) and Hgy = 6.94 m (for vary-
ing tsunami period), Table 1. The tsunami force increased as the incident tsunami height
increased. The relationship between the tsunami force and incident tsunami height is non-
linear and can be expressed as:

)be

Froax = aur(Hgo — Her) ™, Hgo > Hyg (18)
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where H; is the threshold incident tsunami height at which the tsunami force becomes 0
and ay; has a dimension. In the present study, by was fixed as 2, because it may be logical
to assume that tsunami force is proportional to the second power of the inundation depth
and that the inundation depth is proportional to (Hy,—H,). H s was also fixed as 2.5 m in
the present study after considering the effect on the result and simplicity. It is a function of
forest condition and tsunami period. The empirical constant including the fixed values are
as follows:

byy=2,H;=25m

aye = 1.89 x 10 N/m?®  (no forest)
=0.592 x 10 N/m? (at A)
=0.363 x 10°N/m? (at B)

19)

On the other hand, the tsunami force decreased as the tsunami period increased. The rela-
tionship between the tsunami force and tsunami period can be given in the form of the fol-

lowing equation:
e T
Fliax = arp €Xp {—be< 7 1) } (20)
rep

where T, is the representative tsunami period and was taken as 1200 s in this study, and
arg is a dimensional parameter. The empirical constants of a; and by are given in Eq. (21).
Both best-fit relations against the incident tsunami height and period agreed well with

numerical results.

38.4x 10°N/m, by = 0.590 (no forest)

arp =
are = 122x10°N/m, = 0.526(at A) Q1)
ar = 759 x 10°N/m, = 0.400 (at B)

Equation (9) is rearranged with new parameters as follows.

BdNall _ J/Bl:‘b;kefc‘D—‘cll] (Hrep)

Trep & H, rep Trep V 8 H rep

where corresponds to the length of a long wave with period of T, and height of H,,. It
should be noted, however, that the non-dimensional forest thickness represents the forest
condition only, since the tsunami condition is fixed to the representative tsunami condi-
tion in Eq. (22). The representative tsunami height H,, and tsunami period T, were taken
as 7 m and 1200 s, respectively, in the present study. The tsunami force Fy ., was made
dimensionless by the following relationship in consideration of the curve-fitting Eqs. (18

and 20) as:

* b *
Fmax _ af(HSIO - Hcf) " eXp {_be(T/Trep - 1)} FmaXrep
2 2
pgH, pgH, af(Hrep —H
= agfpfre

(22)

) (23)
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Flhax e, 18 the representative tsunami force by an incident tsunami with the representative
rep

height H, and arbitrary period 7. ay, fy; and fry are non-dimensional and expressed as
follows:

F?IlaXrep F;Fnax
o= — o = - (24)
pg rep fofongle
| = H/Hyy \ " 25\’
= (o) 21— 5 @3)
cf/ *Frep N

T
Jre=exp {—be<T— - 1) } (26)
rep

The empirical constant of by at B (behind the forest) and A (in front of the forest) is

by =0.526 (at A)

=0.400 (atB) @7

All simulated results of non-dimensional value of a; of Eq. (24) against the non-dimen-
sional forest thickness of Eq. (22) are shown in Fig. 13. fi;r and f7; are modification factors
so that the non-dimensional tsunami force is normalized to the non-dimensional tsunami
force due to the incident tsunami with the representative height of H,,,. The a; is called the
normalized tsunami force. The best-fit curves for data in Fig. 13 are given as:

0.492

YBebl Co.a (Hrep) ] at A
Toep\/8Hrep ’

yBFb;kefCD—all (Hrep) )’ at B

a; = 0.0794 exp[—0.0311 x 10 [
(28)

T+/gH

rep

=0.0139 + 0.0678 exp (—4.05 x 103

0.10 7
O: data at A

0.08 i A:dataatB

0.06 4 o 5 (R*=0.9688)

S o 1 (R*=0.9653)

0.04 1

0.02
A A

0 T T T T 1
0 0.0005 0.001 0.0015 0.002 0.0025

7prt"f/’CD7u11 (pr ) /(Tmp \j an'p )

Fig. 13 Non-dimensional tsunami force against non-dimensional forest thickness at B (behind the forest)
and A (in front of the forest)
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Fig. 14 Correlation of tsunami 100 y=x
force by numerical simulations 5 R2=0.9936
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Equation (28) represents the average relationship of the non-dimensional tsunami force
against non-dimensional forest thickness fairly well although the data are considerably
scattered due to a number of variables in the problem.

Figure 14 shows the comparison between tsunami forces estimated by Eq. (28) and
obtained by numerical simulations. The agreement is acceptable. The error was within
10%.

At this moment there is no data from field that can be used for validation of best-fit
equations, in particular, the tsunami height and period at the shoreline, and the tsunami
force. However, although the coastal tree was not Pandanus, the pine trees in Japan were
affected by the 2011 Japanese tsunami. The trees were destroyed but mitigated the tsunami
(Tanaka et al. 2014). The numerical model (Eqs. 1-7) in this study, the source for these
best-fit equations, was used to simulate tsunami flow depth and inundation area (Tanaka
et al. 2014). The model worked well for reproducing the tsunami flow depth and inundation
and as well as damaged area of the forest (Tanaka and Onai 2016).

The curve-fitting equations developed herein may be used to calculate tsunami run-up
and tsunami forces both in front of forest, this is important to determine damage to for-
est, and behind the forest, this is useful to determine damage to houses or infrastructures
against a design tsunami condition when proposing bio-shield concept to protect from the
tsunami. These calculations are simple compared to advance numerical modeling saving
time and cost effective. Such first-hand information is pertinent for preliminary decision
making in pilot projects of tsunami mitigation from bio-shields prior to a detailed analysis.
Calculation steps for a case study are given in “Appendix”.

6 Summary and conclusions

Laboratory experiments were conducted to validate a numerical model based on one-
dimensional nonlinear long-wave equations including resistance of trees (drag and inertia)
on fluid flow and porosity between trees. The water surface elevation and flow velocity by
the numerical simulations agree well with the experimental results for various forest condi-
tions of width and tree density. Then the numerical model was applied to simulate proto-
type conditions of coastal vegetation against tsunamis. P. odoratissimus was considered as
the potential tree type and numerical simulations were carried out to investigate the effects
of forest characteristics (width and tree density) and incident tsunami conditions (period
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and height) on potential tsunami force (simply called tsunami force). As a useful informa-
tion, the run-up height was also investigated. These parameters were mostly discussed in
non-dimensional forms with best-fit equations. The aim of proposing these best-fit equa-
tions is to form a set of simplified formulae for designing a coastal forest against tsunamis.
The curve-fit equations agree well with the modeling results for most of the cases with the
error of about 10%.

In this study, uniform distribution of P. odoratissimus in the forest has been considered.
However, this is not the case for actual forests and even for planted forests that may be
changed with the growth stage. Further tree breaking was not considered. To investigate
the effects of non-uniform distribution of trees at various growth stages and tree breaking
on the tsunami force is an exciting subject to be considered in future. Moreover, the real
conditions of tsunami wave and topography should be studied in future.
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Appendix

Calculations of run-up height and tsunami force for tsunami height at shore Hg, = 6.5 m,
tsunami period 7 = 1800 s, forest width = 100 m, tree density y = 0.226 trees/m°.
Constant parameters:

Gravitational acceleration = 9.81 m/s?

Density of sea water = 1029 kg/m?*

Tp = 12008, H,, = Tm, b} ; = bp = 0.195m, by = 0.526 (at A); = 0.4 (at B)
Coaigtrep) = 2.66

(a) For run-up height
Step 1:

Estimate Cp,_,;; from Fig. 6b based on the tsunami height H,
Step 2:

Binan = V(l X BF)brefCD—all = yBpb, Cp.
Step 3: Run-up height

B
Ry = Hyy [0.293 exp —1032Tdi +0.692

8§H
Solution
Case Tsunami Tsunami Forest Tree Drag Bgnan (7Br - Run-up
number height at period width By density y coefficient b Cp_) height
shore line T (s) (m) (trees/m?) Cp_an (Hgp) Ry (m)
Hyo (m)
1 6.5 1800 100 0.226 2.56 11.3 5.3
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Case Tsunami Tsunami Forest Tree Drag Bgnan (7Br  Run-up
number height at period width By density y coefficient b s Cp,) height
shore line T (s) (m) (trees/m?)  Cp_uy (Hyo) Ry (m)
Hyo (m)
2 6.5 1800 0 (no for- 0 0 0 6.4
est)

(b) For tsunami force

Step 1:

Step 2:

Step 3:

2
2.5 T
fi =2.42<1— ); bi =exp{—b <——1>}
Hf Hs]() Tf Tf Trep
0.492
yBeb* Cp.i(H
o = 0.0794 exp| —0.0311 x 103 | <! () . atA
Trep gHrep
yBpb* Cpy_(H
= 0.0139 + 0.0678 exp | —4.05 x 103 —— pan (P ) , atB
Ty/gH,,
Tsunami force at A and B

Fiax = %afufrip8Hugo  at A
= apfudfripgHuqo at B

Solution
Case Tsunami  Tsunami  Forest Tree Jar fre Tsunami  Tsunami
number height at  period width By density force at A force at B
shore line T (s) (m) y (trees/ (kN/m) (kN/m)
Hyo (m) m?)
1 6.5 1800 100 0.226 092 0.77 (at 7.7 4.6
A)
0.82 (at
B)
2 6.5 1800 O (mofor- O 0.92 0.82 26.1
est)
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ABSTRACT

This report briefly summarizes recent progress in storm surge forecasts, one of topics discussed during the
fourth International Workshop on Tropical Cyclone Landfall Process IWTCLP 4) held during 5-8 December,
2017. In the workshop, improvement of storm surge forecasting system was mainly discussed with relevance to
the problem of estimating the impacts of tropical cyclone landfall.

To deal with storm surges, accurate TC condition (predictions and forecasts) as input, reasonable storm surge
predictions (with forecasting systems), and effective advisories/warnings (i.e. useful information products) are
necessary. Therefore, we need to improve storm surge related matters systematically: input, prediction system,
and effective information.

This report tries to highlight recent progress in the field of storm surges in relation to three key points: im-
provement in storm surge forecasting models/system, TC conditions as input for storm surge predictions, and

VoLuME 7, No. 2

informative products for end users.

Keywords: storm surges, tropical cyclone, forecast system, warning, landfall

1. Introduction

Storm surges are generated by atmospheric storm forc-
ing, such as tropical cyclones, developed mid-latitude
lows and so on. Storm surges are phenomena occurring
in coastal regions and heavy inundations associated with
storm surge have led to severe damage in history (Dube et
al, 2009; Needham et al, 2015). Severe disasters by storm
surges still occur worldwide as listed in Table 1. Consider-
ing the number of cases, it is clear that major storm surge
disasters happen infrequently, but once they occur, the im-
pact can be very serious.

In 2017, a number of such storm surge disasters oc-
curred: Hurricane Harvey in the USA, Typhoon Hato in
Hong Kong and Macau China, and Hurricane Irma caused
severe damages in Caribbean countries. Although those di-
sasters did not come only from storm surges, storm surges
caused huge economic damages in those regions. Fortu-
nately, total death tolls in most recent storm surge cases
were not as high as previous historical cases which killed
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thousands of people or more. While storm surge warning
systems apparently worked well in recent cases, we need to
keep in mind that storm surges are capable of causing high
death tolls and may kill many people in the future as popu-
lations in coastal regions are growing. Storm surge is surely
one of the key topics in disaster risk reduction, despite their
relatively infrequent occurrence.

Presently, storm surge forecasts are mainly created by
numerical storm surge models. Storm surge model numer-
ics were developed in many years ago, and there has been
little recent improvement in physical processes. The im-
provement is mainly carried out in dynamical aspect such
as grid resolution or coordinates. Other improvements are
related to model coupling. When we talk about a risk of
storm surges, it means rather inundation risk which is also
affected simultaneously by many factors: astronomical
tides, waves, river flows or precipitations and so on. Wave
and atmospheric models are becoming increasingly reliable
and useful, so coupled models can consider interacting pro-
cesses and make integrated predictions based on the total
water level envelope (TWLE).
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TC name Year Max. Intensity (10-min wind) Economic loss* (billion) Fatalities* Typical storm surge

Katrina 2005 902hPa $108 1,833 4-Tm
135kt

Sidr 2007 944hPa $1.7 ~15,000 3-6m
120kt

Nargis 2008 962hPa $12.9 138,366 3-5m
100kt

Sandy 2012 940hPa $68 233 3-4m
95kt

Haiyan 2013 895hPa $2.86 6,329+1,074 5-7m
125kt

Winston 2016 884hPa $1.4 44 3m
155kt

Hato 2017 965hPa $6.82 24 3.5-4m
76kt

Irma 2017 914hPa >$64.76 66+80 3-4.5m
123kt

In the next section, progresses in storm surge models and
systems are discussed. Section 3 and 4 focus on improve-
ment in TC conditions for storm surge forecast input and
effective information, and section 5 summarizes the discus-
sion.

2. Progress in storm surge forecasting models/systems

Numerical storm surge models have become very reliable
over recent decades and the basic model numerics have
changed little. In a sense, physical understandings of storm
surges and prediction models have matured; there have
been no breakthrough in this field in recent years. However,
model dynamical frameworks have been improved; un-
structured methods such as Finite Element Method (FEM)
or Finite Volume Method (FVM) are becoming popular.

In operational fields, storm surge forecasting systems are
applied in many countries and their predictions are issued
in real-time. In addition, global scale storm surge forecasts
are also available now.

Another area of progress is the inclusion of other physi-
cal effects. Storm surge risk should be interpreted not
solely based on storm surges, but with other factors such as
tides and waves. Such integrated forecasting systems have
been developed in the research field, and they are gradually
transitioning into operations.

a. Progress in numerical models/systems

Recently, many unstructured storm surge models have
been developed. The merits of unstructured models are
freedom of model bathymetry setting. The model can set
grids freely to fit with complicated coast lines and to set the
grid resolution to be fine at the coast and coarse in offshore
regions. The coarse model grid resolution offshore, where

*Total (not only by storm surges)

storm surges are not an important issue, saves computation
resources while fine mesh nearshore provides an ability
to resolve detailed storm surge behaviors there. There are
several models commonly used for storm surge predictions,
such as FVCOM (Chen et al., 2006), ADCIRC (Luettich
and Westerink, 2004), SELFE (Zhang and Baptista, 2008),
and Delft3D (DELTARES).Those models support the wide-
spread use of unstructured storm surge models.

Nowadays ocean wave models are also available and
recent trend is to develop a surge - (tide) - wave coupled
system. Wave setup is a rather small scale phenomenon but
high resolution models are skillful in simulating that effect
accurately.

b. Operational storm surge prediction

Many National Met/Hydro Services (NMHSs) have
come to use storm surge models in operation and issue
warnings or advisories based on the predictions. This is one
of the achievements of occasional international activities
to develop storm surge modeling and forecasting, such as
a series of workshop on storm surge and wave forecasting
organized by WMO/IOC Joint Technical Commission for
Oceanography and Marine Meteorology (JCOMM) and
WMO Tropical Cyclone Programme (TCP).

Those operational models are rather simple. Sophisti-
cated storm surge models require huge computer resources,
but ease-of-use and robustness is most important in op-
erational work. Besides, accuracy of those straightforward
storm surge models may not significantly different from
more sophisticated models. Since storm surge forecast er-
rors arise mainly from TC forecast errors (input for storm
surge model), not from the lack of skill in storm surge
models, even simple storm surge models work well in op-
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erational fields. There are several countries where computer
resources are not sufficient for operating a complicated
storm surge model but storm surge information is nonethe-
less required. Simple storm surge models are very useful
for those countries.

c. Global scale storm surge information

Although storm surges are rather localized phenomena,
severe storm surge disasters are usually devastating and
monitoring and risk analysis needs to be carried out glob-
ally to cover all regions. One of those activities is the re-
gional Storm Surge Watch Scheme (SSWS) of the World
Meteorological Organization (WMO).

WMO Storm Surge Watch Scheme (SSWS)

Severe storm surge disasters happened worldwide in the
late 2000s. In particular, the Cyclone Nargis disaster in
Myanmar in 2008 was the trigger for the establishment of a
global range storm surge watch scheme. At the 60" WMO
Executive Council held in June 2008, a request to facilitate
development of a storm surge watch scheme was put to the
WMO Secretary General. The schematic image is shown in
Figure 1. Establishment of such a scheme was encouraged
in all tropical cyclone regions, and each Regional Special-
ized Meteorological Center (RSMC) for tropical cyclones
is expected to provide storm surge information.

In the North Indian Ocean, the Panel on Tropical Cy-
clones and RSMC-Delhi (Indian Meteorological Depart-
ment IMD) firstly developed SSWS in the Region, and
RSMC-Delhi started issuing storm surge graphical adviso-
ries in 2009. In the Western North Pacific where tropical
cyclone (typhoon) activity is most active, RSMC-Tokyo

B
_
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(Japan Meteorological Agency JMA) developed a regional
storm surge forecasting system and issues real-time storm
predictions to Typhoon Committee members. The operation
started in June 2011 and products are gradually enhanced
(Hasegawa et al., 2017). The current products are horizon-
tal distribution maps, time series charts at 78 stations, and
possible maximum storm surge map. RSMC La Reunion
(Meteo-France) created a “cyclone surge atlas” for all
coasts in the south Indian Ocean in 2013. Those atlases are
the results of huge storm surge simulations with various
assumed cyclonic conditions. The storm surge impacts are
indicated in the atlases with classification of TC intensity.
RSMC Nadi (Fiji Meteorological Service, FMS) is going
to issue real time storm surge guidance to NMHSs in the
South Pacific region soon. Some product examples are
shown in Figure 2.

d. Integration of related factors

Although the storm surge model itself is not so changed,
there are now numerous approaches to integrate related
factors or to develop coupled models. Strictly speaking, a
storm surge is defined as an anomaly from “regular sea lev-
el”. Such an anomaly indicates the magnitude of response
to meteorological forcing, e.g. strong wind and pressure
depression. It is a good indicator for evaluating the mag-
nitude of the phenomena. However, it does not necessarily
indicate the real risk of storm surge.

A disaster due to storm surge actually means coastal in-
undation. Inundation occurrence can be interpreted by total
sea level which is determined by not only storm surges
but also by astronomical tides and so on. Storm surge as
anomaly is not sufficient for risk assessment, but total wa-
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ter level is required. Therefore, we need to consider all of
possible factors which may alter sea level.

Recently, various kinds of numerical models have been
developed and are available for estimating other effects.
There are several tide models, for example, FES 2014 (Car-
rere et al., 2015), TPXO.8 (Egbert et al., 1994; Egbert and
Erofeeva, 2002), and GTSM (Kernkamp et al., 2011) calcu-
late astronomical tides over the globe, and give reasonable
tide values. Those models give tidal constituents which can
be included with storm surge predictions.

Numerical wave models are widely used in many
NHMSs. Recent operational wave models give very reason-
able wave predictions. However, even though significant
wave heights in offshore are accurate, wave setup, which
is the key effect of waves in relation to storm surges, is not
well resolved. It needs quite fine grid resolution (namely
around 50 m) for models to accurately estimate wave setup
(Sasaki and lizuka, 2007), which may be acceptable in
research models but is not always feasible in operational
ones. Therefore, there are several attempts to develop a
way for estimating wave setups in operational use. A simple
formula for the coasts of Australia was developed for the
Bureau of Meteorology's operational storm surge system

(O’Grady et al., 2015). Wave setup along the Australian
coasts was first calculated with a fine mesh wave model
and a regression equation was derived from the results. A
similar approach was carried out in Environment Canada
(Telford, 2015). JIMA are developing a simple wave setup
estimation model, which estimates wave modification in
the shallow water zone. In the USA, National Center for
Environmental Prediction (NCEP) is trying to develop a
wave-surge coupled system in which a simple wave model,
namely the second generation wave model is used (Wes-
thuysen et al., 2015). The second generation wave model
requires fewer computation resources than the third genera-
tion wave models, and such a coupled model can be used in
operational environment.

It is widely accepted that wave setup is important for
storm surges, especially for solitary islands or area of steep
bathymetry where wind setup is less important. Figure 3 in-
dicates the importance of wave setup at such a coast. When
typhoon Haiyan hit the Philippines in 2013, wave setup had
an effect comparable to storm surge and could have con-
tributed to the total water level in Guiuan, which faces the
deep and the Philippine Trench. In Tacloban, large storm
surges were generated by the typhoon, but wave setup was
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not so large because the city is located in the inner part of
Leyte Gulf. Developments of a method of estimating wave
setup are ongoing, but they are not yet completed and fur-
ther developments are expected.

Nowadays, many sophisticated hydrological models were
developed that can provide river flow or flood information.
The coupling with those models to storm surge models are
not yet common, but it may also become popular eventu-
ally. There is such a project promoted by WMO.

WMO Coastal Inundation Forecast Demonstration
Project (CIFDP)

JCOMMis leading the implementation of the WMO
Coastal Inundation Forecasting Demonstration Project
(CIFDP), jointly with WMO Technical Commission for
Hydrology (CHy), to demonstrate how integrated coastal
inundation forecasting and warnings can be improved and
effectively coordinated by the NMHSs (WMO, 2013).
CIFDP is aiming to develop an integrated system for in-
undation forecasts, which can be used in operational envi-
ronment. The project deals with coordination of effective
information and its flow to end users too. This is a demon-
stration project and it is intended to focus on demonstrating
operational forecasting capabilities for integrated coastal
inundation. Five sub-projects of CIFDP are implemented
in Bangladesh, Dominican Republic, Fiji, Indonesia and
Shanghai/China, and the Bangladesh sub-project was suc-
cessfully completed in 2017.

The Bangladesh Meteorological Department (BMD) and

related authority stakeholders in the country worked to-
gether to develop an integrated warning system for coastal
flooding. The system considered storm surges, tide, wave
setup, and river floods and those effects are integrated by
Delft-FEWS. An example is shown in Figure 4. The perfor-
mance of the system was evaluated in the three most recent
cyclones and its usefulness was verified. The system is now
used in BMD as an operational system.

3. TC conditions for storm surge prediction inputs

TC conditions are indispensable for storm surge simula-
tions. Reasonable storm surge predictions cannot be expect-
ed without accurate TC forecasts. Storm surges generated
by TCs tend to have large anomalies and those behaviors
are highly dependent on TC location and intensity. The ac-
curacy of storm surge prediction is determined by surface
wind and pressure fields in addition to bathymetry.

TC forecast skill has been continuously improving and
now is fairly accurate, but currently is often insufficient
for storm surge predictions. Many NHMSs operationally
analyze and issue TC forecasts, such as location, intensity,
strong wind areas etc. For storm surge predictions TC loca-
tion and intensity are most important.

Conventionally, many storm surge models use wind fields
derived from parametric models. Sea level pressures (SLPs)
in the region of the TC are expressed by some empirical
pressure profile such as Holland (1980), Schloemer (1954),
or Fujita (1952). From the derived SLPs, wind fields are
calculated by utilizing the gradient wind relation. An asym-
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Fic. 4. Example of an inundation map of the CIFDP Bangladesh system.

metric wind component related with TC movement may be
added too. This input condition may look very simplistic,
it works well and gives reasonable storm surge values. In
general, NWP models do not adequately resolve TC in-
tensity, and parametric models with analyzed TC intensity
may give better wind and pressure inputs. Besides, the TC
track can be easily set in a parametric model, so as to ad-
just to official forecast or slightly shifted tracks. Therefore
parametric models remain useful and will be continue to be
utilized.

Parametric models also require the radius of maximum
wind, which is a very important parameter for describing
the storm extent. However, the parameter is determined
empirically and contains large uncertainty. Several formu-
lae for the radius exist, but there is still some room for im-
provement.

a. NWP products for storm surge input

Recently numerical weather prediction (NWP) models
have been improved progressively and have fair skill in
resolving tropical cyclone conditions. Track forecasts for
short ranges have been improved and 24- hours forecast er-
ror is within about several tens of kilometers. The problem
is that storm surges are critically dependent on landfall
point, even a 10km error in the location may lead to large
errors in storm surge predictions. Wind direction becomes
opposite (onshore / offshore) around TC center, and a

large gap may be generated in storm surge values there.
Moreover, the intensity from NWP models is generally un-
derpredicted, which is typical when a TC is very strong or
its size is small. Those predictions are not yet satisfactory
for storm surge inputs and thus parametric models are still
popular.

However, some recent results using high resolution non-
hydrostatic models reasonably predict TC intensity, if
initial conditions are well assimilated with observed data,
or techniques of appropriate bogus vortex initialization are
used. NWP models can provide detailed TC structure and
wind fields because modulations by environmental pressure
patterns or orographic effects are considered. The wind
fields dynamically calculated by NWP models are much ac-
curate in the cases when TC structures vary from the stan-
dardized forms used in parametric models. Figure 5 indi-
cates that typhoon Kalmaegi (1415) was highly influenced
by large—scale pressure patterns and the wind peak was lo-
cated behind the typhoon center. The NWP model skillfully
predicted the wind structure and led to better storm surge
predictions. Such situations may often happen in extratropical
transition stage too. When a typhoon hits a bay surrounded by
mountainous lands, wind fields are modulated by orographic
effects. The NWP model gave better wind fields than a simple
parametric model, which led to more accurate storm surge
predictions as shown in Figure 6.

Perhaps, NWP predictions will be used in storm surge
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predictions more and more in the future. The problem
would be that NWP models do not always predict the exact
same track or intensity as official forecasts. Some combina-
tion of NWP model and parametric model will still be nec-
essary.

b. Ensemble forecast

We cannot entirely remove TC forecast errors, although
the errors may become small. We need to consider a realis-
tic amount of TC forecast error and incorporate this infor-
mation into our storm surge forecasts. In such a condition, a
single deterministic forecast is too uncertain to rely on, and
thus probabilistic forecasts with multi-scenario (ensemble)
predictions should be introduced.

There are several merits to ensemble forecasts. First, sev-
eral kinds of storm surge values as mean (possible), maxi-
mum (worst) and minimum (optimum) are given. Ensemble
forecasts also give spread information which helps interpret
the reliability and range of predicted values. Besides, pre-
dicted ensemble mean (consensus) generally shows more
stable and reliable conditions than a single forecast. In en-
semble forecasts, the reliability becomes higher as the num-
ber of forecast member becomes larger but it requires more
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computer resources. Therefore, a simple and fast storm
surge model is desirable for a forecasting system with large
number of ensemble members.

Ensemble products become very useful as forecast time
is extended as 2 to 3 days when the TC track forecast er-
ror becomes larger. For storm surges, earlier warning is
required for taking longer lead time, so that end-users can
prepare or evacuate before the dangerous situation. For that
purpose, ensemble storm surge forecasts will be necessary.

Storm surge forecasts with many ensemble members or
multi-scenarios are gradually becoming more common in
operational environment. NHC creates storm surge fore-
casts, considering the change of various kinds of param-
eters, location, intensity and size etc. All of those param-
eters are shifted around the official forecast, considering
an error range. The storm surge values are statistically
determined by the results. The Australian Bureau of Me-
teorology (BoM) has developed an ensemble storm surge
system (Greenslade et al, 2017). Based on an official TC
forecast track, 1000 possible tracks are produced by the
method of DeMaria et al. (2009). Storm surge model runs
are made with 200 ensemble members that are randomly
chosen from these possible tracks. Some examples of the
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ensemble tracks and resulting forecasts for TC Yasi in 2011
are shown in Figure 7.

In storm surge ensemble forecasts, TC tracks are artifi-
cially created considering its forecast error range etc. There
is another approach to make use of ensemble weather pre-
dictions. Weather models can predict possible TC tracks
and spreads. They are determined with dynamical process-
es and environmental conditions. Basically, spreads of TC
track forecasts are not the same among TCs and the values
become narrow or broad. Such a dynamically calculated
spread can be used in storm surge ensemble predictions.
JMA started multi-scenario storm surge predictions with
six typical typhoon tracks extracted using cluster analysis
from an ensemble weather prediction system (Hasegawa et
al., 2017).

Meteo-France in Reunion Island has developed an origi-
nal method to generate ensemble scenarios around the
RSMC’s official track forecast in the SPICy project (Bon-
nardot et al., 2016). The method allows modulation of both
tracks and intensity of the cyclone and is based on both
climatological errors and the dispersion of the ECMWF
EPS ensemble. A distinct probability is attributed to each
scenario. Given this ensemble of meteorological forecasts,
wind and pressure fields are generated through meso-scale
modeling (Meso-NH model) for each individual scenario
using a bogusing method. This high resolution ensemble
of wind fields can finally be used for forcing a wave model
and produce probabilistic forecast of oceanic and coastal
conditions.

4. Informative products
Storm surges are possibly one of the least known phe-
nomena to public. Even some NHMS forecasters are not so
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familiar with this phenomenon. This may be because peo-
ple who are living in land are not overly concerned about
oceanographic phenomena. However, there may be other
reasons.

The first reason is that large storm surge disasters sel-
dom happen, compared with heavy rain or strong wind,
and people tend to disregard storm surge risk. Even though
they might have suffered from storm surges, people tend to
forget and lose their sensitivity to storm surges if they oc-
cur rarely. There is a popular phrase in Japan by Torahiko
Terada who was a researcher on earthquakes and a writer:
CREE BN 2 EHIC % > TR %, which means that “4
natural disaster strikes when people lose their memory of
the previous one”. It is a good thing that storm surge disas-
ters do not happen frequently, but it also makes people tend
to ignore the disaster. The public may forget about storm
surge cases, NHMS staff must maintain memories of his-
torical cases and knowledge on storm surges. In addition,
education to the public and communication with stakehold-
ers or residents are necessary for capacity building of storm
surge risk management.

The second matter is that storm surge risk is not easily
understood by the public. This is mainly because people do
not know about storm surges but also because storm surges
do not directly lead to disaster. As a matter of fact, small or
moderate storm surges often happen but they seldom lead
to disasters. What is storm surge disaster? It is coastal in-
undation, which is determined by total water level and land
height as shown in Figure 8. When people talk about the
risk of "storm surges", the main issue of concern is “coastal
inundation”.

“Storm surges” is a technical term for expressing the
phenomenon of abnormal sea level rise by meteorological

(still) Safe

Veary dangar
Risk of storm surges is decided by the difference
Between water level and land height.

Fic. 8. Schematic image of Storm Surge Risk
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forcing. By definition, storm surges refer only to anomaly
from usual sea level and do not contain astronomical tides.
The general public tends to use “storm surges” for express-
ing highly risen water levels or just mentioning the phe-
nomenon, which is rather imprecise usage. Storm surge risk
should be evaluated in regards of total sea level, consider-
ing of possibility of coastal inundation. There are several
technical terms related with inundation as shown in Figure
9. Those terms are useful in the scientific world, but are
very complicated to the public. Besides, total sea levels are
decided by not only storm surges but also tide, waves, river
flows etc. Those other effects must be included in discuss-
ing inundation risk.

Forecasting staff must understand those mechanisms and
evaluate their contributions to total water levels as techni-
cal experts. However, the public does not need to know nor
care about those mechanisms; they are just concerned about
whether inundation may occur or not. This means some
translation would be necessary for informing actual risk by
storm surges to the public. This is quite different from other
phenomena such as rain, because people can understand
the meaning of rainfall amount. Storm surge risk should be
communicated in a simple and user-friendly way. An exam-
ple is the recent products issued from National Hurricane
Center (NHC) of the USA.

National Storm Surge Hazard Map of NHC

NHC has made considerable efforts to improve storm
surge information, based on experiences of storm surge
cases by strong hurricanes. NHC tried to develop integrated
information based on total water level in which surge,
tides, waves, and fresh water and background anomaly are
included. In addition, predicted water levels are converted
to inundation guidance and issued as graphical images by
utilizing a GIS tool. In the development of the product,
they also engaged with experts in social science. The new

Prassure + wind

Storm tide

+ocean wave

Storm surge
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graphical images are plain and people can understand the
risk much easier than text message warnings. The new
product became operational in the 2017 hurricane season.
The first official risk maps, shown in Figure 10, were is-
sued for hurricane Harvey in 2017.

5. Summary

Recent progress in the field of storm surges is briefly
summarized. To repeat, it is necessary for improvement
in storm surges to integrate various topics, improvement
in TC forecasts and their usages, user-friendly and com-
municative information, as well as knowledge on storm
surge physics and development of storm surge forecasting
systems. Storm surge models consist of rather simple phys-
ics and numerics, which is relatively well-understood and
mature. However, there are strong requirements for detailed
forecasts with fine mesh models or integrating other related
factors to calculate total sea level. It is mainly because
other numerical models, such as tide models, wave models,
and hydrological models have been developed and are reli-
able, and thus, nowadays coupled systems become increas-
ingly feasible. Those coupled systems will be main-stream
in future, and many processes will be coupled eventually.

Improvement of TC information (analyses and forecasts)
is very important issue itself, but is also crucial for storm
surge forecasts, and thus, accurate TC forecasts are eagerly
expected. Recent NWP models come to have ability for
resolving fair TC intensity. NWP models dynamically es-
timate TC structure, more specifically pressure and wind
fields. Those conditions can simulate more realistic storm
surge behaviors than ideal parametric model input, and di-
rect use of those predicted grid point values for storm surge
forecasts will be spreading.

The other trend is probabilistic forecasting with ensemble
systems. We cannot entirely remove TC forecast errors, and
ensemble techniques provide would be practical way for

Runup height

Inundation depth

Inundation height

F1G. 9. Terms related with storm surges and inundation
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Fic. 10. Example of storm surge hazard map of NOAA NHC and NWS. The first operational risk map issued for

Hurricane Harvey in 2017.

estimation of possible storm surges, including uncertainty
and probability. Ensemble weather prediction systems are
now widely used in many NHMSs and those predictions
will give very useful storm surge predictions. However, the
grid resolutions of EPS models are generally coarser than
deterministic models and there is a concern that TC inten-
sity would not fairly be resolved in EPS models. Improve-
ment of EPS TC forecasting skill is also expected.

Even if storm surge forecasts are accurate, it is in vain if
the risk is not well understood to the end user. People do
not have much knowledge on storm surge characteristics,
and they may forget because storm surges seldom hap-
pen. Education for the public, and communication with
stakeholders and residents is necessary. Simple informa-
tion which public people can easily understand is very
important in disaster risk managements (DRM). Especially,
storm surge is not a widely understood phenomenon by the
general public, it is quite difficult to appropriately inform
end users of the potential hazard. Since storm surge disas-
ter means coastal inundation, the risk should be issued in

relation to water level above ground (inundation), instead
of just mentioning a phenomenon such as anomaly (storm
surge). Recent development of forecasting models may en-
able the estimation of total sea level, and thus inundation
heights. However, people usually do not know their eleva-
tion heights and we may further convert inundation heights
(from mean sea level) to inundation depths above their lo-
cal land height. To estimate inundation depth, we also need
high mesh land elevation data may not be available in mul-
tiple countries. Inundation depth information may be not an
easy task but remains a goal for the future.

Finally, we would like to stress the importance of obser-
vations, which was not so much discussed in the workshop.
Storm surges are mainly observed by tide gauges. Much
observed data are now shared under the Global Sea Level
Observing System (GLOSS); however the number of tide
stations is far from satisfactory, especially in developing
countries where storm surges happen. A more dense obser-
vation network is desired, but it is not an easy task to install
and maintain many tide stations along whole coast lines
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because of cost.

Recently remote sensing with micro-wave sensors of sat-
ellites becomes a popular way to obtain ocean observations.
One of the many challenges associated with this data is that
those satellites other than altimeters cannot directly observe
storm surges because storm surges are limited in coastal
area where satellite sensors are unable to measure. In addi-
tion, polar orbiting satellites will infrequently observe TC
area and the storm surge might be missed. Various com-
munities need to collaborate for constructing tide observing
networks. Tide observations are used for not only storm
surge monitoring but also for tsunami, so a dense tide ob-
serving network is useful for multi-purposes.

In regards of observations, we may expect indirect mer-
its. If data from coastal weather radars or space-borne satel-
lites can be assimilated to correct TC intensity or structure,
the modified TC condition surely lead to better storm surge
forecast. Better observations should be expected to contrib-
ute to storm surge forecast improvements, even though it
does not directly measure storm surges.
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ABSTRACT

The objective of this study is to investigate the effects of river vegetation and timber piling on the attenuation of
ship-generated waves that cause erosion at river bank. A numerical model based on two-dimensional
Boussinesq-type equations was developed to predict the ship wave prorogation through river vegetation and
timber piling. The model was validated with the field data and found that the model can reproduce well the field
data when the disturbances from tides and winds were minimal. The numerical model was then used to simulate
ship wave propagation through a belt of river vegetation consist of Rhizophora apiculata, a dominant type of
mangroves planted in the Ca Mau River in the south Vietnam, and a timber piling. A 200 m long timber piling,
parallel to the river bank, at 10 m from the bank reduced 51% and 89% of run-up height and wave force at the
bank, respectively. If the timber piling combined with 20 m width of the vegetation the run-up height and wave
force were reduced further 61% and 95%, respectively.

1. Introduction

Ship-generated waves (ship waves) have been researched for a long
time in both theoretical and practical aspects with different aims. Since
the middle of the nineteenth century, many scientists and engineers
had studied about waves generated by ships (Rankine, 1868; Froude,
1877; Kelvin, 1887a, 1887b). After that, Havelock (1908), Johnson
(1958), Sorensen (1969), Kofoed-Hansen et al. (1999), and Whittaker
et al. (2001) developed ship wave theory and also conducted model
experiments to validate their theories. A number of scientists have been
using Boussinesq-type models for simulating ship waves in shallow
water. Tanimoto et al. (2000) developed a simulation method to
calculate ship waves in shallow water and studied ship waves in a
channel restricted by vertical walls. Dam et al. (2006) investigated the
transformation of ship waves on sloping bottom by a Boussinesq model
and suggested that the refraction on slope is similar to the ordinary
wind waves have. Dam et al. (2008) discussed the effect of Froude
number on the characteristics of ship waves in a narrow channel
restricted by vertical walls, based on observed data and the results

* Corresponding author.
E-mail address: thuybanguyen@gmail.com (N.B. Thuy).

http://dx.doi.org/10.1016/j.0ceaneng.2016.11.004

computed by a two-dimensional model in which wave breaking was
considered.

Ship waves, depending mainly on their energy possessed, have been
recognized as a threat to the environment. Kirkegaard et al. (1998)
reported that a large number of vessels moving at high speed caused a
danger to recreational use of beaches. Regarding environmental
aspects, Nakase et al. (1999) concluded that the ship waves have a
great impact on the activities in aquaculture. By using Michell's thin-
ship theory, Dong et al. (2009) studied the impact of ship waves on
marine structures and pointed out that the forces induced by ship
waves are an important factor contributing to the damage to coastal
structures and offshore structures as well.

Both aquatic vegetation and timber piling have been shown to be
effective in minimizing wave energy. Coops et al. (1996) conducted an
experiment to investigate wave forces that affected by bank slope and
water depth, and that interfered with the emerged vegetation as well.
Their results showed that the waves transmitted through the vegetation
lose energy due to the resistance offered by the vegetation and bottom
surface. Although a 4 m wide-band of vegetation can be regarded as a
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strip, wave height measurements in did show wave attenuation to
occur. Roo and Troch (2010) evaluated reduction in the force by ship
waves through the off-bank timber piling along the river Lys (Zulte,
Belgium) by field observation data. They showed that a single row of
off-bank piling cannot reduce the height of the primary wave system
but only 20% reduction in the secondary wave system. Based on field
data of river-bank erosion caused by boat-generated waves, Nanson
et al. (1994) reported that the major threshold in erosive energy of ship
waves is associated with the peak waves. Very recently, Trung et al.
(2015), based on the field investigation in the Ca Mau River, Vietnam,
pointed out that two types of vegetation Rhizophora apiculata (R.
apiculata) and Nypa fruticans (N. fruticans) are able to dissipate wave
energy and therefore have a high potential for riverbank protection.
They found further that R. apiculata is more effective than N. fruticans
in wave height reduction, although its porosity is greater. It is evident
that those studies have been based mainly on field surveys and/or
experimental studies. There is lack of numerical modeling studies
which may help explore this problem at prototype scale.

In this paper, the effect of river vegetation and timber pilling on the
reduction of ship wave-generated run-up height and force on the bank
of the Ca Mau River was analyzed by a new numerical model. The
numerical model was based on two-dimensional Boussinesq equations
(Dam et al., 2006), but was developed to simulate the wave run-up on
the bank, with the resistance by vegetation and timber piling. Field
surveys were conducted in a section of the Ca Mau River to measure the
characteristics of ship waves (water surface fluctuation, current velo-
city, and run-up on the bank) for different ship speeds and those were
used to validate the model. The numerical model then was applied to
another section of the Ca Mau River where river vegetation and timber
piling have been employed to minimize the bank erosion caused by ship
waves.

2. Numerical method
2.1. Governing equations

The new numerical model (Egs. (1)—(3)) to simulate ship wave run-
up through vegetation was based on Boussinesq-type equations
(Madsen and Sgrensen, 1992; Dam et al., 2006). The coordinate
system O, such that the origin O lies on the immobilized water-plane
and the x-axis points in the direction of ship's forward motion while the
y-axis perpendicular to the bank. The moving ship boundary (Chen and
Sharma, 1995; Tanimoto et al., 2000; Dam et al., 2006, 2008) was
used. The governing equations are written as:
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where 7 (x, y, t) is the water surface elevation, Q. (x, y, t) and Q,, (x, y,
t) the depth-integrated velocity components in x and y directions,
respectively, t the time, h (x, y) the still water depth, g the gravitational
acceleration, [ the correction factor of the dispersion term ($=1/15),
d(x,y,t) the total water depth (d=n+h), and b(x,y,t) the slot width
parameter which was described in detail in the Section 2.2. Rp, and
Ry, are the eddy viscosity terms (Kennedy et al., 2000; Dam et al.,
2006) as:
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Where v is the kinematic viscosity.
F,, F,, the drag resistance due to the presence of vegetation in x and
y directions, respectively. Fy, F,, are written as:
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where, y is the tree density (number of trees/m?), and Cp_qz the
depth-averaged equivalent drag coefficient considering the vertical
stand structure of tree, which was defined by Tanaka et al. (2007) as:
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where b(zg) and Cp(zs) are the projected width (diameter) on a
vertical plane perpendicular to flow direction and drag coefficient of a
tree at the height z; from the ground surface, respectively, and b,.ef
and Cp_,.or are the reference projected width at z5=1.2m and
reference drag coefficient of the trunk (=1.0), respectively.
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Fig. 1. A schematic view of a channel with the presence of a narrow slot (modified from
Kennedy et al., 2000).
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Fig. 2. (a) Ca Mau Province where the Ca Mau River flows through, (b) locations of site 1 [A] at Nang Keo and site 2 [B] at Kinh Sang Rivers.
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Fig. 4. High-speed ship used to generate waves at site 1, Nang Keo River.

Table 1
Parameters of high-speed ship used to generate waves.

Type of Length (m) Width (m) Horsepower Draft (m) Speed (m/s)

ship

High-speed 21.75 8.5 320 1.65m 2.8, 5.6, 8.3,
ship (34 11.1, 12.5,
seats) 13.9, 16.7

(b}

Fig. 3. (a) Schematic of plan and cross sections of the river with the locations of staffs to
measure water surface elevation and scale to measure run-up at site 1, Nang Keo River,
(b) video camera and staffs in place.

2.2. Modeling wave run-up

In the case of run-up simulation by the numerical model, one of the
difficult points was the numerical treatment of the moving boundary
(moving shoreline). In this study, instead of tracking the moving
boundary during wave run-up and rundown on the slope, the entire
computational domain was considered by employing an improved
version of the slot or permeable slope technique proposed by
Kennedy et al. (2000) for simulation of run-up. This technique assumes
that, instead of being solid, the beach is porous or contains narrow
slots, so it is possible for the water level to be below the bed elevation.
Fig. 1 shows a schematic of a wave flume with a sloping bottom in the
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Fig. 5. A typical timber piling constructed by residents, combined with vegetation for
protecting river bank from ship waves in Kinh Sang River.

presence of a narrow slot (modified from Kennedy et al., 2000). The
width of the wave flume is defined as:

1,
b(n) = {5 + - 5)8—1(4—1*)”10}

in which § is the slot width relative to a unit width of bed; A is the
shape parameter that controls the smooth transition of the cross-
sectional area from the unit width to the slot width; z* denotes the
elevation of seabed where b=1; h,, is a reference water depth that must
be deeper than the water depth at the lower limit of swash zone. In the
case of two-dimension, b(n) is the function of the local surface
elevation and depending on x, y and time t and b(x,y,t) is unity for
the water surface above the bed and decays exponentially to the value §
whenever the water surface disappears into the slot. For the stability of
the model & should be chosen in the interval of 0.01 to 0.001 and A of

n>z*

n<z* (11)
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Fig. 6. Schematic of river cross section with timber piling and vegetation at site 2, Kinh
Sang River.

the order 100. The cross-sectional area of the channel under the water
surface can be expressed by integration:
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The Egs. (1)-(13) are solved implicitly by the finite difference
technique, with the variables defined on a space staggered rectangular
grid. In a time step, the solution is first made in the x-momentum
equation followed by a similar solution in the y-direction. For the
numerical simulation, the uniform grid size of 1.0 m in both x and y
directions and time step of 0.015s were selected. The Manning's
roughness coefficient n was set to 0.02 (Trung et al., 2015). The
governing equations, and boundary conditions for wave generation due
to ship motion have been referred from Tanimoto et al. (2000), and
Dam et al. (2006, 2008).

2.3. Forces induced by ship waves

A ship wave force vector (?) was defined by the following equation
(Tanimoto et al., 2007):

7= Lavivi

=2 a4
where V is the flow velocity. This is the potential force integrated over
the flow depth d and corresponds to the total drag force due to ship
waves acting on a virtual high column with a unit width and a unit drag

coefficient.
3. Field measurements

In the Ca Mau River system (Fig. 2a), there have been hundreds of
erosion places on the river bank, which caused significant damage to
people's lives, economic activities, land-use planning and the environ-
ment. One of the reasons that directly causes erosion is the ship waves
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Fig. 7. Comparison between modeling and measured time profiles of (a) water surface elevation (b) current velocity at staff 2, and (c) run-up height at site 1, Nang Keo River.
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Fig. 8. (a) A belt of Rhizophora apiculata grown in Ca Mau River and (b) vertical
distribution of Cp_qi of a Rhizophora tree (based on average properties: tree height
Hpyee=6.0 m, root height Hroor=1.0 m, reference diameter b,..=0.12 m, tree density
y=4 trees/m?, and the reference drag coefficient Cp_rep=1.0).
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Fig. 9. The model predicted spatial variation of maximum water surface elevation along
the river section. With vegetation effect in Black and without vegetation effect in Red.
(For interpretation of the references to color in this figure legend, the reader is referred to
the web version of this article.)

with strong energy propagation towards the river bank. Field survey
was conducted at two sites in Nang Keo (without vegetation) and Kinh
Sang (with vegetation and timber piling) tributaries of the Ca Mau
River in September 2013. The sites are under the effect of semidiurnal
tide with a range of 0.9-1.4 m.
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Fig. 10. Change rate in maximum run-up height (R/R,) and ship wave force (F/F,)
against (a) tree density y, and (b) vegetation width W. Note that Ry and Fy are run-up
and force, respectively, in the case of without vegetation.

Fig. 3a displays a schematic of plan and cross sections of the river
with staffs to measure water surface elevation at the site Nang Keo
(8.79°N, 105.19°E, point A in Fig. 2b). A 36-seat high-speed passenger
ship (Fig. 4) was selected to generate ship waves. It is a popular
passenger vessel in Ca Mau's waterways. According to local residents,
the river bank erosion is mainly due to waves generated by such ships
that are frequent, travelling at high speed. The parameters of the ship
are given in Table 1. Shipping route was parallel to the bank. The ship
was required to run along a river section of 500 m in length within
which the staffs were positioned. This distance was sufficient to
generate fully developed waves. The speed of the ship was determined
by an onboard speedometer and ranged from 2.8 to 16.7 m/s and the
corresponding relative depth Froude number ranged from 0.45 to 2.67
in this study. Water surface elevations at the measuring staffs (Fig. 3b)
were recorded by a camera (Hitachi DZ-MV350 NTSC DVD) with
optimal video recording mode. The distance between two staffs was
2.0 m in the direction perpendicular to the river bank. The recorded
data were processed by VideoSpirit Pro software. This software allows
to extract frames from the video, with good quality and high resolution
(1920*1080-16:9). In order to calculate wave heights from water
surface elevations, frames were extracted from the video with an
accuracy of up to 0.2 s. Wave-induced currents were measured by a
Compact Multibeam Echosounder at the staff 2, and were recorded at
1 Hz for all cases. The maximum run-up height above the still water
level (hereafter, simply run-up height) was measured by a scale placed
on the slope. The measurements were done in an hour from 10:00 am
to 11:00 am on September 14, 2013 when tide reached the peak, with
the average flow velocity of the river was about 0.05 m/s while light
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Fig. 12. Change rate in maximum run-up height (R/R,) and ship wave force (F/F,)

against the length of timber piling. Note that Rp and Fy, are run-up and force,
respectively, in the case of without timber piling.

winds and no wind-generated waves existed. And there was no
disturbance from other ships.

The site selected at the Kinh Sang River (8.79°N, 105.07°E —
Fig. 2b, point B) was mainly used for collecting the characteristics of
vegetation and timber piling. Fig. 5 shows a timber piling at the Kinh
Sang River, which was constructed by residents for protection of the
river bank from ship waves. However, it was not effective due to the
spacing between two logs is quite large. The local government
recommended the spacing between two logs to be 0.066 m. In the
Kinh Sang River, Rhizophora apiculata is the dominant river vegeta-
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Fig. 13. Time profile of (a) water surface elevation, and (b) ship wave force at the
analysis point (Fig. 6) for the cases of without timber piling and vegetation (Black line),
only timber piling (Red line), and both timber piling and vegetation (Green line). (For
interpretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)

tion type and the average height of a tree is 6.0 m, average root height
1.0 m from the ground, average tree density 4 trees/m?, and forest
width 10 m from the river bank. The conditions of topography,
vegetation, timber piling, and analysis points for modeling are illu-
strated in Fig. 6. The river section considered was 1500 m long, 280 m
wide, and 5 m deep at center. The ship considered was the same as in
Table 1. However, the ship velocity was 5.6 m/s that was the upper
limit set-up by the local government for the Kinh Sang River. The Ship
was run at the center line of the river, which is the common shipping
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Fig. 14. Change rate in maximum run-up height (R/R,) and ship wave force (F/F,)
against length of timber piling for the case of timber piling and vegetation. Note that R
and F, are run-up and force, respectively, in the case of without timber piling and
vegetation.
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route in most cases. River currents measured were similar or less in the
magnitude compared to that of the site 1.

4. Results and discussions
4.1. Model validation without vegetation

The characteristics of ship waves from several combinations of ship
speeds and routes were investigated in the field survey, and the field
observations were presented in details in Thuy et al., (2014). In this
paper, the measurements of water surface elevation and velocity at the
staff 2, and run-up height for the case of the route 50 m from the bank
Nang Keo were used for the validation of the model. Fig. 7a shows the
variation in water surface elevation at the staff 2 for the case of ship
speed of 5.6 m/s. On this figure, Ty, is the time when the ship's bow
started to pass the position in front of the measuring staff, H,,,, and
Tiax are the maximum wave height and corresponding wave period
respectively in the wave train. It can be seen that, before the ship bow
passed the staff a smaller wave of relatively larger period had appeared,
and it is termed leading wave. The incident w@@#Sfollowed by about
8-10 waves. These successive waves typically have shorter periods, but
they are having remarkably higher wave heights than the incident
wave. The highest wave height H,,, reached 0.255m with the
corresponding period Ty,.x being 1.6 s. Wave-induced current velocity
varied similar to wave height; the maximum velocity being 0.28 m/s
when wave height became the maximum. Fig. 7a-b show the compar-
ison between the modeled and measured wave height and velocity
profiles. It can be seen that the numerical model can simulate well the
characteristics of ship wave propagation (wave height, velocity, and
phase). Fig. 7c shows a comparison of run-up heights for seven cases of
ship speed. Despite the fact that the scatter in the observed data were
relatively high for a particular ship speed, however the trend for the
run-up height increased as the ship speed increased. The main reason
for the scatter in the measured data was river currents generated by
tides, and the local inconsistency of the ship speed. Given those effects
are minimal, the model can be used for simulating the run-up height
and the force of ship waves acting on the river bank.

4.2. Effect of river vegetation on ship wave

In this section, the effect of vegetation on ship waves was
investigated at Kinh Sang River (8.79°N, 105.07°E — Fig. 2b, point
B) where river bank erosion caused by ship waves. Vegetation was
assumed to be distributed along the right bank in the direction of
moving ship. The river vegetation starts at 10 m behind the shoreline
(Fig. 6) and extends towards the shore. As shown in Fig. 8a, R.
apiculata has a complex, dense aerial root structure that provides
additional stiffness and that increases the drag coefficient. Fig. 8b
shows Cp_qz of R. apiculata that was derived from those proposed by
Tanaka et al. (2007) to the following conditions: tree height
Hppee=6.0m, root height Hgoor=1.0m, reference diameter
brey=0.12m, tree density y=4 trees/m?, and the reference drag
coefficient Cp_,.cs=1.0. The reference drag coefficient of 1.0 was
adopted for the trunk with a circular section and a rough surface in
the region of high Reynolds number (order of 10*) in the actual scale.
The value of Cp_qy; varies with the depth d. Effect of vegetation on ship
wave attenuation was discussed against the tree density and vegetation
width. Fig. 9 shows the spatial variation in the maximum temporal
water surface elevation of the highest wave Z,,,, (Fig. 7a) for the cases
of with and without vegetation. For the case of vegetation the
conditions of vegetation width and tree density were fixed as 35 m
and 4 trees/m?, respectively. The maximum water surface elevation
increased in front of vegetation due to the reflection and then
decreased remarkably in the vegetation zone due to the resistance.
The run-up height (Fig. 9) above the still water level was 0.06 m, which
was 46% of that in the case of no vegetation.
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4.3. Effect of river vegetation on run-up and force of ship wave

Fig. 10a shows the change rate in the maximum run-up height (R/
Ry), and ship wave force (F/Fy) at the analyze point (Fig. 6) against the
tree density. The suffix “0” indicates the case of no vegetation. The tree
density y varied from 0 (no vegetation) to 5 trees/m? while keeping
constant vegetation width of 35 m. As the tree density increased, both
the run-up height and force decreased. However, the reduction rate in
force was higher than the reduction rate in run-up height as the tree
density increased. Fig. 10b shows the change rate in the maximum run-
up height and force at the analysis point (Fig. 6) against the vegetation
width under the constant tree density of 4 trees/m>. The vegetation
width W varied from 0 to 35 m in 5 m steps. According to Fig. 10b, the
change rate in run-up height decreased to 0.45 and in force greatly
decreased to 0.311 for the vegetation width of 35 m. Increasing both
tree density and vegetation width resulted in decreasing both the run-
up and force.

4.4. Effect of timber piling on run-up and force of ship wave

Timber piling was modeled as cylinders in a straight line parallel to
the riverbank at a distance of 10 m from the riverbank. The mean
diameter and spacing between two logs were 0.2 m and 0.066 m
respectively. These values were recommended by the local government
for protecting river bank in Ca Mau River. For modeling timber piling
the drag coefficient Cp_,.or was 1.0, which is consistent with the drag
coefficient for a circular cylinder. This Cp_,oris equal to.

Cp_qu in the model. Therefore, the model can be used for
simulating ship wave through the timber piling without any modifica-
tion. Fig. 11(a—b) illustrate time profile of water surface elevation and
ship wave force at the analysis point (Fig. 6) in the case of with and
without the timber piling. The length of the timber piling parallel to
bank was 100 m. Note that vegetation was not considered in this case.
Modeling results pointed out that using 100 m length timber piling,
water surface elevation and ship wave force reduced to 37% and 77%,
respectively. The length of the timber piling was varied in order to
investigate the effect of the length on the reduction in run-up and force.
Fig. 12 shows the change rate in the maximum run-up height (R/Ry)
and ship wave force (F/F,) against the length of timber piling. The
suffix “0” indicates the case of no timber piling. The run-up height and
force decreased with the increase of length of the embankment as to the
modeling results. Similar to the case of vegetation, the reduction in
force was greater than in run-up height due to the strong attenuation of
the wave-induced current velocity. With a length of 200 m timber
piling, the run-up height and force can be reduced up to 51% and 89%,
respectively.

4.5. Effect of both vegetation and timber piling on run-up and force of
ship wave

For the case of vegetation with timber piling, the conditions of
vegetation were fixed as tree density of 4 trees/m?, and vegetation
width of 20 m. Fig. 13 shows the time profiles of water surface
elevation (Fig. 13a), and ship wave force (Fig. 13b) at the analysis
point (Fig. 6) for the cases of without both timber piling and vegetation,
only timber piling, and both timber piling and vegetation. The results
confirmed that the ship wave-generated water surface elevation and
force were greatly decreased for the case of vegetation and timber
piling compared to that for the other two cases. This is because the
resistance from the combined case was higher than that from each case
alone. The effect of length of the timber piling with vegetation is
displayed in Fig. 14, where the suffix “0” indicates the case of no timber
piling and vegetation. Having the timber piling length of 200 m
together with the vegetation belt of 20 m width and 4 trees/m? density
was able to reduce run-up height and force 61% and 95%, respectively
at the river bank.
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5. Conclusions

In this study the effect of river vegetation and timber piling on the
attenuation of ship waves was analyzed by an advanced numerical
model. With a 2D Boussinesq-type model as basis, the model was
further developed to trace the moving shoreline and to take the effect of
resistance due to the presence of both vegetation and timber piling into
account. Field investigations were made to measure ship-induced wave
height, current velocity and run-up in Ca Mau River, Vietnam where
the ship wave-induced erosion has increasingly occurred. The model
was validated with the field data and found that the model can
reproduce well the field data when the disturbances from tides and
winds were minimal. The numerical model then applied to a section of
Ca Mau River where the timber piling and vegetation (R. apiculata)
were introduced to protect the river bank from erosion by ship-induced
waves. The modeling results showed that the timber piling of 200 m
length can reduce 51% and 89% of run-up height and wave force at the
bank, respectively. If the 20 m width of the vegetation combined with
the timber piling, the reduction in the run-up height and wave force
was further increased to 61% and 95%, respectively. Although the
above numerical results were for the simple cases of arrangement of
timber piling and distribution of river vegetation, the numerical model
has potential to analyze the more complex arrangements of river
vegetation such as different distributions of vegetation types and
patterns, and timber piling on ship wave attenuation and the results
can be used to develop the guidelines on erosion control practices at the
preliminary design stage. The validation of the model with flow through
porous structures (vegetation and timber piling) will confirm the
robustness of the results and that will be address in a future study.
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In the present paper, the interaction of surge, wave, and tide along the coast of central Vietnam is assessed using a
coupled model of surge, wave, and tide. A series of storm surge simulations for Typhoons Xangsane (2006), Ketsana
(2009), and Nary (2013) are carried out, considering the effects of tides and waves that combines wave-dependent drag
and wave-induced radiation stress to find a predominant factor in storm surge generation. The results indicate that the
surge—wave interaction is crucial to the storm surge simulation in this area. In particular, the wave-dependent drag
improves an accuracy of the storm surge level up to 30%. In addition, the radiation stress contributes up to 15%.
However, the tide—surge interaction is negligible because there is less than 2% difference in results with and without the
tide. A series of coupled surge and wave simulations for 49 historical typhoons in the period of 1951 to 2014 show that
mean peak surge levels along the coast are 2.5 m. The highest peak surge level reached 4.1 m at Cuaviet in the Quangtri

Province during Typhoon Harriet (1971).

ADDITIONAL INDEX WORDS: Typhoon; coupled model of surge, wave, and tide; interaction of surge.

INTRODUCTION

The Intergovernmental Panel on Climate Change’s 5th
Assessment Report (Field et al., 2014) found that global climate
change accelerates the activity of tropical cyclones (TCs),
making them more intensive with accompanying severe storm
surges. In recent years, the weather and hydrological phenom-
ena in Vietnam have become more variable: the maximum daily
rainfall trend is increasing and the frequency of TCs is rising on
the south coast of Vietnam (e.g., Tan and Thanh, 2013). Thus,
the coastal areas are increasingly exposed to coastal disasters,
such as strong wind, heavy rain, high waves, and storm surges.
Storm surges due to typhoons, such as Typhoons Linda (1997),
Wukong (2000), Chanchu (2006), Xangsane (2006), and Ketsa-
na (2009), are catastrophic events, causing severe damage to
ocean and coastal communities (Thanh, 2011). Typhoon Dan
(1989) generated a record-breaking peak surge level of 3.6 m in
the Province of Hatinh (Thanh, 2011). To mitigate potential
storm surge damage, understanding storm surge is crucial for
the planning of coastal facilities and activities.

To assess storm surges, there are two conventional types of
physics-based numerical models: a decoupled model of storm
surge and a coupled model of surge, wave, and tide (SUWAT). In
the last three decades, coupled models have been given
attention, especially those focusing on the interaction of surge,
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wave, and tide. Several studies have introduced wind stress as
a function of waves (Janssen, 1989, 1991). Since then, a number
of studies that examined wave-induced stress directly obtained
in coupled models of surge and wave showed the significant
improvements of the model results compared with observation
data (e.g., Funakoshi, Hagen, and Bacopoulos, 2008; Kim,
Yasuda, and Mase, 2008; Zhang and Li, 1997). Wave setup
driven by a force of the divergence of radiation stress in the
nearshore has also been studied with coupled models of surge
and wave (e.g., Bertin et al., 2015; Kim, Yasuda, and Mase,
2010; Mastenbroek, Burgers, and Janssen, 1993). It was found
that the wave setup induced by the force of the radiation stress
was substantial in the peak surge level during Typhoon Anita
(1970; e.g., Kim, Yasuda, and Mase, 2010). It was found that
the tide—surge interaction is not negligible when estimating
local surge levels (e.g., Chen, Wang, and Zhao, 2008; Choi,
Eum, and Woo, 2003; Kim, Yasuda, and Mase, 2008). Besides
the interaction of surge, wave, and tide, topographic charac-
teristics (e.g., bed slope) play an important role in the increase
or decrease of wave setup, runup, and wind-driven surge (e.g.,
Dietrich et al., 2010; Kennedy et al., 2012).

For several decades, climate change impact studies have
focused on storm surge studies in Vietnam (e.g., Ninh, 1992;
Sao, 2008; Thang, 1999; Thuy, 2003). Conventional two-
dimensional (or three-dimensional), nonlinear shallow-water
equations have been used. In other words, other factors, such
as tides and waves, were not taken into account in the storm
surge model in those studies. Recently, the effect of waves on
storm surge has been investigated in Vietnam. Hien et al.
(2010) showed using an empirical formula that the wave setup
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induced by the force of the divergence of radiation stress is
significant in the storm surge on the coast of Haiphong. Thuy et
al. (2014) found that the Typhoon Kalmaegi (2014) surge was
significantly influenced by waves on the Haiphong coast,
obtained from numerical simulations using SUWAT.

In the present study, primary factors affecting storm surge
on the middle coast of Vietnam are quantitatively investi-
gated using SuWAT. The study highlights that coupling
processes between surge and wave are critical to the
prediction of storm surge on the coast of central Vietnam
and that only using SUWAT (developed by Kim, Yasuda, and
Mase, 2008) can accurately estimate storm surges. A series
of storm surge simulations are conducted for Typhoons
Xangsane (2006), Ketsana (2009), and Nary (2013) that
considers the interaction of surge, wave, and tide. Then,
historical storm surges of 49 typhoons in the period of 1951
to 2014 are assessed. All typhoon data in this study are
collected from the Regional Specialized Meteorological
Center (RSMC) Best Track Data of the Japan Meteorological
Agency (JMA, 2016).

In this study, the coastal area from the Provinces of
Quangbinh to Quangnam (Figure la) was selected. This is
where the most severe storm surges have occurred on the
Vietnam coast. Although the frequency of typhoons in this area
is 0.8 per year on average, great inundations occurred due to
Typhoons Becky (1990), Xangsane (2006), and Ketsana (2009)
(Thanh, 2011) because of a bathymetry feature in the area
where there is shallow water in open sea and a low-lying area
with no coastal structures.

The frequency of typhoons in terms of the Beaufort scale of
wind (WMO Staff, 1998) in the study area is summarized in
Table 1. In the period of 1951 to 2014, the frequency of
typhoon intensity larger than level 12 is 28.3% in total and
the typhoon frequency for intensity of larger than level 10 is
dominantly 47.2%. Relative large surge levels were computed
from the tidal gauge data in this area, for instance, 1.7 m at
Thanhkhe in the Province of Quangbinh (Typhoon Cecil,
1975), 1.8 m at Cuagianh (Typhoon Becky, 1990), 1.5 m at
Sontra (Typhoon Xangsane, 2006), and 2.4 m at Hoian
(Typhoon Ketsana, 2009) (Thanh, 2011). Otherwise, higher
surge levels were not measured because of lack of either
measurement devices or field surveys. For example, Typhoon
Harriet (1971) is the most intense typhoon in the history of
Vietnam, but there are no observations. To examine a critical
factor in the generation of storm surge in the study area, the
representative Typhoons Xangsane (2006), Ketsana (2009),
and Nary (2013) were selected. The typhoon tracks are
provided in Figure 1b.

Because of the open sea in the region of interest, waves
accompanying the typhoon devastate coastal infrastructures in
low-lying areas. The maximum wave height reached 6.0 m at
Sontra in the Province of Danang (Figure 1b) during Typhoon
Xangsane. Such waves may potentially cause a wave setup in
shallow-water regions during typhoon events. Therefore, in the
surge and wave simulation, the wave-induced radiation stress
is considered.

In the study area, tidal cycles are semidiurnal and tidal
amplitudes tend to decrease from the northern coast of the
Province of Quangbinh to the middle coast of Hue, and then

increase to the southern coast of the Province of Quangnam
as shown in Figure la. In this region, the largest amplitudes
in the Provinces of Quangbinh and Quangnam are approx-
imately 0.9 m. In other words, the maximum tidal range is up
to 1.8 m. Therefore, the tide is also taken into account in the
simulation.

METHODS

To analyze the storm surge in the study area, the coupled
SuWAT model developed by Kim, Yasuda, and Mase (2008) was
used. SUWAT is capable of doing parallel computations for an
arbitrary number of domains using the message passing
interface. In the present study, three modules of surge, wave,
and tide are integrated in SuWAT as shown in Figure 2, which
reveals the information flow among modules and domains. The
tidal module provides only boundary conditions to the surge
modules in the outermost domain. Coupling parameters
include open boundary values, internal exchange among
modules, and domains in a machine. Calculations are sequen-
tially carried out from the higher-level domain to the lower
level; the rest of the lower-level domains waits for the
completion of the higher-level domain at a time step. This
modeling system has been implemented and verified in other
studies (e.g., Kim, Yasuda, and Mase, 2010; Kim et al., 2014,
2015; Mase et al., 2011).

Surge Module

The surge module solves the depth-averaged, nonlinear
shallow-water equations using the staggered Arakawa C grid
in space and the leapfrog scheme in time. The explicit finite
difference scheme is used with the upwind method:
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where 1 is the sea surface level, M and N are the components of
depth-integrated velocity in the horizontal and vertical
directions, P is the atmospheric pressure, f is the Coriolis
parameter, g is the gravitational acceleration, d is the total
water depth (14 h), Ay, is the horizontal eddy diffusions, and p,,
is the density of water. In addition, F, and F) represent the
components of wave force, which correspond to the gradients of
wave-induced radiation stress:
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Figure 1. Geophysical domains of the study area with three levels. (a) Outermost domain of the Vietnam coast. (b) Intermediate domain with stations for tide
(Cuagianh, Cuaviet, Thuanan, Sontra, and Tamky), meteorology (Thuanan and Sontra), and tracks (Typhoons Xangsane, Ketsana, Nary, and Harriet). (c)
Innermost domain. (Color for this figure is available in the online version of this paper.)

Here, the wave radiation stresses are expressed by S, = pg [% sin’0 + % B % Edodd ()

_ G 2 Ce 1
See = pef [?g cos 0+ ¢ — i] Edod0 (6) where C and C, are the wave velocity and the group velocity,
respectively; ¢ and 0 are the angular frequency and the wave

Sy = Syx = pg [[[cos 0 sin 0]Edod0 (7) direction, respectively; and E is the energy density spectrum.
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Table 1. Typhoon frequency according to a wind speed scale (Beaufort scale) in the study area (period: 1951-2014).

Storm Level

Typhoon Frequency (%) in Provinces

(Beaufort scale) Wind Speed (m/s) Quangbinh Quangtri Hue Danang Quangnam Total
Under level 8 <17.8 9.4 5.7 3.8 0 7.5 26.4
Levels 8-9 17.9-22.0 15.1 1.8 1.9 5.7 1.9 26.4
Levels 10-11 22.1-30.9 94 1.9 1.9 1.9 3.8 18.9
Levels >12 >31.0 13.2 3.8 0 1.9 94 28.3

A conventional quadratic law is applied to the sea surface

and bottom boundary layers. The bottom stress is computed by
QQ|

5 = pugn’ il 9)

in which Q is the depth-integrated velocity vector and n is the

Manning number (0.025) in all domains, as determined by

Chien (2015). The wind stress is usually estimated by the
following equation:

15 = p,CpU10|U1o] (10)

where p, is the density of air, Cp, is the drag coefficient, and Uio
is the wind speed at a 10-m height.

In a series of storm surge simulations, two Cps are used. One
is conventional Cp (Honda and Mitsuyasu, 1980):

o, — { (1290 - 0.0240) % 1073(U < 8 m/s) (11)
b (0.58 + 0.063U) X 1073(U > 8 m/s)

The other is the wave-dependent Cp (Janssen, 1989, 1991).
In SuWAT, Mastenbroek, Burgers, and Janssen’s iteration
(1993) for Janssen’s formulation of the exponential wave
growth term in wave modules (given in the “Wave Module”
section) is used to estimate the wave-dependent Cp. Following
his assumption, waves influence the boundary layer: t=1,, + 14,
where 1, is the wave-induced stress, 1. is the turbulent stress,
and 7 is the total stress. The wind profile is given by

| Initialization for valiables in models |

|
| Either individual or coupling runs at Ts |
| |
n : the domain level
n=1 n=2 n=3 Ts : the time step in the computation

Tmax,c : the end of time step for coupling runs

U : the current
A A A .
v.Tlc,.F. v . Tlc,.F v, T|C,F,
by = 2> Ly * bt n : the sea surface level
n, Typhoon 1,
W model W C, : the wave dependent drag
¥ % SLP \{ . A F,, : the depth averaged-wave radiation stress
Coupler oupler W : the wind
U
U yobss Monss Sobs e vabs> Mobs > Sobs SLP : the sea level pressure
C,.F,, U.,.| |C»-F., U...| |Cp F, U, ., : the current for boundaries
W, SLP n W, SLP n W, SLP N, - the sea surface level for boundaries
S, : the wave spectrum for boundaries
Hydrodynamic model Hydrodynamic model Hydrodynamic model Tows.sige : the tide obtained from the global tide
models (NAO.99b model)

Ts = Tmax,c

Yes

Figure 2. Framework of SuWAT for three level domains that shows the information flow between surge and wave modules in each domain.
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z—l—ze-i-zo) (12)

Uz) = %ln( ;

where U(z) is the wind speed at height, z. is the effective
roughness, z, is the roughness length, z is the height, and « =
0.4 is the von Karman constant. The turbulent stress is
parameterized with a mixing-length hypothesis:

T = pa(k2)? (E’U)Z (13)

9z

where p, is the air density.

If the wind profile in Equation (12) is differentiated, squared,
and compared with the form in Equation (13), an expression for
z, for z =z, (Mastenbroek, Burgers, and Janssen, 1993) can be
found:

20
= 14
Ze V-1 —1 (14)

where 1, = 1,(29). To parameterize the roughness length z,,
Janssen assumes that a Charnock-like relation zy = du?/g is
valid with the values for u, = \/t/p, and &= 0.0081, which is
the Charnock parameter. With the effective roughness (z,), the
wave-dependent Cp is finally obtained by the following
equation:

2
Cp = u2/U(z)? = |:K/1n (”Zzi_z‘)ﬂ (15)
e

In this study, Equation (15) is used to estimate the wind
stress in Equation (10) instead of conventional Cp in Equation
(11). The effect of leveling off at wind speeds of 22 to 33 m/s on
Cp is not taken into account (Donelan et al., 2004; Kim et al.,
2015; Powell, Vickery, and Reinhold, 2003).

The solid boundary condition is adopted at land boundaries
for no inundation conditions. The radiation condition along
open boundaries is given by following Flather’s method (1994)
in all domains. The current and sea surface level in the coarse
grid domain are transferred to the nested open boundaries in
the fine grid domain at each time step of 4 s. The time stepis 4 s
for the surge model.

Tidal Module

The astronomical tide in SUWAT is imposed by a global ocean
tide model (Matsumoto, Takanezawa, and Ooe, 2000) that
predicts tidal levels for 16 constituents: M2, S2, K1, 01, N2, P1,
K2,Q1,M1,dJ1,001, 2N2, Mu2, Nu2, L2, and T2. At every time
step, the tidal level is imposed on open boundaries in only the
outermost domain. Along the open boundary, the sea surface
level is given by

N = Ntide + '7surge (16)
where 74, is the tidal level and 75,4 is the surge level.

Wave Module

The simulating waves nearshore (SWAN) model (Booij, Ris,
and Holthuijsen, 1999) integrated in the wave module solves
the spectral action balance equation to estimate a wave
spectrum (Booij, Ris, and Holthuijsen, 1999). The wave in
SuWAT is estimated by time-varying currents and sea surface
levels calculated from the surge module. The updated param-

eters of the wave-dependent drag and the radiation stress in
the wave module are returned to the surge module to calculate
the current and sea surface level. SWAN version 40.41 has
been integrated into SuWAT as the wave module (Kim,
Yasuda, and Mase, 2008).

As done in Kim et al. (2015), in the present simulation, the
default values of parameters for physics are used: Cavaleri and
Malanotte-Rizzoli (1981) for linear wave growth, Janssen
(1989, 1991) for exponential wave growth, Janssen (1991) for
whitecapping, Hasselmann et al. (1985) for quadruplet inter-
action, Battjes and Janssen (1978) for depth-induced breaking,
and Madsen, Poon, and Graber (1988) for bottom friction. The
diffraction is adapted in the wave calculation. An Ursell
number of 10 is used for the limit of the quadruplet interaction,
with a factor of 1.0 for the fraction of breaking waves. The
following discretizations were used: the direction resolution is
10°, and the frequency range is 0.05 to 1.00 Hz. In the
outermost domain, the wave spectrum along open boundaries
is estimated by the Joint North Sea Wave Project spectrum,
with a peak enhancement parameter of 3.3, the peak period,
and a directional width of 10°. The wave spectrum in the coarse
grid domain is transferred to the open boundaries in the fine
grid domain at each time step of 900 s. The time step is 900 s for
the wave model.

Parametric Wind and Pressure Model

A parametric wind and pressure model implemented in the
SuWAT model is used to estimate typhoon wind and pressure
fields. Schloemer’s formula (1954) is used for the pressure:

D = pc + Apexp(—ro/r) (17)

where p is the atmospheric pressure at distance r from the
center, p. is the central atmospheric pressure, Ap is the
difference between p and p., and ry is the radius to the
maximum wind.

Fujii and Mitsuta’s formula (1986) for the surface wind is
written as follows:

Ver =11 <\/’f+ %P exp(-ro/r) - ’;) (18)

parzrt

where V,, is the geostrophic wind and r, is the following

relation:
re= r/<1 4+ Yo sinﬁ) (19)
Ver

In Equation (19), Vg, and U; are at the previous time step.
Here, is the degree between the typhoon moving direction and
the direction to r in the anticlockwise direction. Uj, is
calculated by multiplying V,, by G(x) as follows:

Glw) = G()+[Glxy) ~G(=)] (/3,)" exp(1-1/k)[1-(x/x,)]
(20)

Ui = Vg G(x) (21)

where x =r/ro, k=2.5, x, = 0.5, G(x,) = 1.2, and G(*) =0.667
are given by Fujii and Mitsuta (1986). In the wind model, the
geostrophic wind is reduced by a factor of G(x). Finally, the
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Table 2. List of the numerical experiments.

Conventional Cp Wave-Dependent Wave Radiation

Typhoons Simulation Case Tide (without wave effect) Drag Stress
Xangsane (2006) Tide Yes No No No
Uncoupled surge with tide No Yes No No
Coupled surge with tide Yes Yes No No
Uncoupled surge with wave No Yes No No
Coupled surge with wave No No Yes Yes
Coupled surge without radiation stress No No Yes No
Ketsana (2009) and Nary (2013) Uncoupled surge with wave No Yes No No
Coupled surge with wave No No Yes Yes
Historical typhoons (1951-2014) Coupled surge with wave No No Yes Yes

wind at a 10-m height is obtained from the vector sum of the
wind at a 10-m height calculated by Equation (21) and the
typhoon moving speed. In the present model, deformation of
the core structure in the typhoon is not considered.

Storm Surge Simulations

A series of numerical experiments is summarized in Table 2.
First, to examine interactions of surge and tide and of surge
and wave, six cases in Table 2 were carried out for Typhoon
Xangsane (2006). For additional examination, the cases of
coupled surge with wave and uncoupled surge with wave were
conducted for Typhoons Ketsana (2009) and Nary (2013). For
the historical storm surge simulations of typhoons from 1951 to
2014, the case of coupled surge with wave was executed.

In the case of tide, only the tide is simulated without typhoon
fields of wind and atmospheric pressure. In the cases of
uncoupled surge with tide and coupled surge with tide, the
storm surge is calculated using the conventional Cp of Honda
and Mitsuyasu (1980) in Equation (11). In the case of
uncoupled surge with tide, the storm surge is calculated on
mean sea level. The case of uncoupled surge with wave is the
same as that of uncoupled surge with tide. The case of coupled
surge without radiation stress uses the wave-dependent Cp
(Janssen, 1989, 1991) in Equation (15) to estimate the wind
stress on sea surface layers but excludes the radiation stress.
The case of coupled surge with wave includes both the wave-
dependent Cp and the radiation stress in the storm surge
simulation.

Bathymetry

For numerical simulations, the complexity of the geophysical
features was taken into account using the three-level grid
system summarized in Table 3, where the outermost domain,
D1 (Figure 1a), covers the whole East Sea and the domain D2
(Figure 1b) is set to cover the northern coast of the Province of
Quangbinh to the southern coast of the Province of Quangnam.
The innermost domain, D3, is focused on the four tidal stations
of Cuaviet, Thuanan, Sontra, and Tamky (Figure 1c), where
high surge levels (normally larger than 0.5 m) generated. The
General Bathymetry Chart of the Ocean of the British Ocean
Data Center was used to extract bathymetry for domains D1

Table 3. Information on computational domains.

Domain No. Computational Domain Grid Size (m) No. Grid
D1 105-120° E, 8-22° N Ax = Ay = 7400 226 X 211
D2 106-111° E, 12-18° N Ax = Ay = 1850 241 X 301
D3 107.0-109° E, 15.5-17.0° N Ax = Ay = 925 241 X 181

and D2. However, coastal topography maps with scales of 1/
100,000 published by the Vietnam Administration of Seas and
Islands were used for domain D3. As showed in Figure 1, the
continental shelf strongly enlarges from south to north. This
can be confirmed by Figure 3, where the bed profiles in the
cross-shore direction at five stations are shown.

RESULTS
This section presents results of a series of storm surge
hindcasts because of Typhoons Xangsane (2006), Ketsana
(2009), and Nary (2013), as summarized in Table 2.

Hindcast of Typhoon Xangsane (2006)

To investigate how the tide influences the storm surge in the
study area, a series of simulations were conducted to calculate
the Typhoon Xangsane surge. According to the RSMC of JMA,
after passing the Philippines, Typhoon Xangsane made
landfall on the central coast of Vietnam, causing coastal
flooding and landslides. The typhoon was responsible for at
least 279 deaths, mostly in the Philippines and Vietnam, and
$747 million in damage (Thanh, 2011).

The six hourly synoptic observations of sea-level pressure
indicate that the maximum depressions of sea-level pressure
are 977 and 993 hPa at Sontra (Figure 4a) and Thuanan
(Figure 4b), respectively. Observed winds reached 32 m/s at

Distance from the shore line (m)
0 50,000 100,000 150,000200,000250,000300,000

0 -+ttt
-20 A
40 -
E .60 A
=
§ -80 A /\/
'53'-100 1 ==C.Giang
§_120 | =—Cuaviet
-140 A
==Thuanan
-160 4
Sontra
-180 A
2200 - ==Tamky

Figure 3. Bed profiles at five locations (Cuagianh, Cuaviet, Thuanan,
Sontra, and Tamky). (Color for this figure is available in the online version of
this paper.)
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Figure 4. Time series of observed (circle) and calculated (line) winds and
atmospheric pressures at the stations of Sontra (a) and Thuanan (b) because
of Typhoon Xangsane. The solid line indicates pressure, and the dotted line
denotes wind speed. The computations were carried out using the formulae
of Schloemer (1954) and Fujii and Mitsuta (1986) for atmospheric pressure
and wind, respectively.

Sontra (Figure 4a). Calculated wind and pressure fields were
slightly overestimated within the absolute errors of 10%;
however, it is believed that overall the estimated wind and
pressure fields are acceptable to calculate the Typhoon
Xangsane surge.

In the numerical experiment, a series of three simulations of
tide, uncoupled surge with tide, and coupled surge with tide

2 7 —Tide
=—Surge +Tide
1.5 1 -6-Surge (observation)
— —Coupled surge with tide
§ . ==-Uncoupled surge with _
0.5 A

0 =5

9/29/20006 6:00 006 12:00 1971/2006 18:00
-0.5 - Time (h)

Figure 5. Time series of calculated tides only (tide), calculated surges
coupled with tides (surge + tide), observed surges (observation), surges
extracted from surge + tide (coupled surge with tide), and calculated surge on
mean sea level (uncoupled surge with tide) at Sontra during Typhoon
Xangsane. The storm surge simulations either including the tide (coupled
surge with tide in Table 2) or excluding one (uncoupled surge with tide in
Table 2) were conducted using the conventional drag of Honda and
Mitsuyasu (1980). The use of conventional drag underestimated the surge
heights regardless of the tide. (Color for this figure is available in the online
version of this paper.)

a 1.5 9 o Opservation
-=-Uncoupled surge

_ 1.0 with wave

E —Coupled surge

= with wave

5 0.5

2

o

)

“ 00 -

W V T T
9/29/2006 6:00 9/30/2006 12:00 10/1/2006 18:00

05 Time (h)

b 154

-e-Observation

—Coupled surge
with wave

£ —Coupled surge without

{57 radiation stress /

5 05 A

o

=4

g

a

0 oW . .
9/29/20066:00  9/30/2006 12:00  10/1/2006 18:00

Time (h)

n

Figure 6. Time series of storm surge heights at Sontra. (a) In a series of
simulations, the wave-dependent drag and radiation stress are included in
the case of coupled surge with wave, while only the conventional drag is used
in the case of uncoupled surge with wave. The calculation results indicate the
inclusion of the wave-dependent drag and radiation stress improves surge
heights. (b) The case of coupled surge with wave is the same as the case in (a).
However, the radiation stress is ignored in the case of coupled surge without
radiation stress. The radiation stress affected the surge height at peak.

were conducted. The cases of uncoupled surge with tide and
coupled surge with tide listed in Table 2 used conventional Cp
(Honda and Mitsuyasu, 1980) to estimate the wind stress
without the wave impact of the radiation stress and wave-
dependent drag. First, the case of coupled surge with tide in
Table 2 was carried out to calculate the Typhoon Xangsane
surge. Second, the tidal simulation in the case of tide was
conducted to extract the surge level (15,41, the case of coupled
surge with tide in Figure 5), taking into account the surge and
tide interaction as follows: #syrge 1 = Htide + Hsurge- Finally, the
case of uncoupled surge with tide was executed on mean sea
level.

The results of the series of simulations are shown in Figure 5,
which presents comparisons between observations and calcu-
lations at Sontra. From the simulation results, there are
discrepancies between the surge levels with and those without
the tide from 29 to 30 September. However, two surge levels
seem to be identical from 30 September. In addition, the use of
conventional Cp is not enough to simulate the observations,
regardless of the consideration of the surge and tide interac-
tion. As a result, it was found that the tidal effect is
insignificant in the surge level on the coast of the study area.

Next, additional calculations on mean sea level were carried
out by coupling the wave. As listed in Table 2, the case of
coupled surge with wave considered the wave-dependent drag
and radiation stress, while the case of coupled surge without
radiation stress excluded the radiation stress. Then, results
were compared with those obtained from the case of uncoupled
surge with wave that uses conventional Cp on mean sea level,
as shown in Figure 6. As shown in Figure 6a, the peak surge
level calculated with the wave-dependent drag and radiation
stress is improved and in close agreement with the observation
at Sontra. The difference between the two cases at the peak
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Figure 7. Maximum significant wave heights in the innermost domain
because of Typhoon Xangsane. The simulation considered the wave-
dependent drag and radiation stress. (Color for this figure is available in
the online version of this paper.)

levels is 0.3 m. This suggests that the surge and wave
interaction improves the surge level.

To clarify whether the wave-dependent drag or the radiation
stress is more critical, the result of coupled surge with wave
was compared to that of coupled surge without radiation stress
as shown in Figure 6b. Comparing two surges, it was found that
the surge level is underestimated, especially, at peak, when the
radiation stress is ignored. The difference between both peak
levels is 0.1 m. The results depicted that the calculated surge
levels are overall underestimated except around the peak surge
levels. These results may be due to underestimation of the
wave setup estimated on the coarse resolutions, because the
wave breaking was not fully solved in the innermost domain
with the 1-km grid size, as shown in Figure 7. The maximum
significant wave heights of larger than 12 m come from offshore
and break nearshore, depending on the bed slopes, as seen in
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Figure 8. Comparisons of the observed peak surge levels (observation), the
calculated ones including the wave-dependent drag and radiation stress
(coupled surge with wave), and the calculated ones excluding both
(uncoupled surge with wave) at Cuagianh, Cuaviet, Thuanan, and Sontra
because of Typhoon Xangsane. The peak surge levels calculated with the
wave-dependent drag and radiation stress were in good agreement with the
observed ones. There is no observation at Thuanan.
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Figure 9. (a) Spatial distributions of the peak surge levels because of
Typhoon Xangsane when considering the factors of wave-dependent drag,
radiation stress, and atmospheric pressure. (b) The maximum contributions
of the wave-dependent drag and radiation stress to the total surge levels as
percentages. The impact of the wave-dependent drag and radiation stress
reached up to 45% in total surge level along the coast. (Color for this figure is
available in the online version of this paper.)

Figure 3. In addition, it might arise from the horizontal two-
dimensional simplification to represent the Ekman transport
in moderate water depth (e.g., Bertin et al., 2015). This problem
would be solved when using a three-dimensional model.
Figure 8 shows comparisons of the observed and calculated
peak surge levels in the cases of coupled surge with wave and
uncoupled surge with wave at four stations. The results show
that in the case of coupled surge with wave, considering the
wave effect makes an improvement in the accuracy of storm
surge simulation at all stations in comparison with the case of
uncoupled surge with wave (except at Thuanan because of no
observations). Figure 9a shows the spatial distribution of the
peak surge levels in the case of coupled surge with wave that
combined the wave-dependent drag and the radiation stress. It
could be found that the maximum surge level reaches up to 1.8
m on the coast. In addition, the maximum contribution of the
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wave-generated surge to the total surge level is larger than
45% nearshore (Figure 9b).

Hindcasts of Typhoons Ketsana (2009) and Nary
(2013)

Additional simulations of the Typhoon Ketsana and Typhoon
Nary surges were conducted that generated storm surges in the
study area. In these simulations, two conditions in Table 2 were
taken into account on mean sea level: (1) the uncoupled model
of uncoupled surge with wave (the use of the conventional drag
without the surge-wave interaction) and (2) the coupled model
of coupled surge with wave (the use of the wave-dependent
drag and the radiation stress). From the results of these
simulations, a similar tendency was found that the uncoupled
model underestimates the Ketsana (Figure 10a) and Nary
(Figure 10b) surges at Sontra, while the coupled model
estimates of the surge are in good agreement with observa-
tions. Similar to the Typhoon Xangsane surge, the influence of
the surge—wave interaction is significant on the storm surge in
both typhoons.

Historical Storm Surge on the Coast

Because of lack of observations for the storm surge in this
region, information on historical storm surge levels has been
needed for planning coastal facilities and mitigating potential
coastal damage induced by the impact of climate change. To
assess the historical storm surge in the area, a series of storm
surge simulations were carried out for the historical typhoons
in the period of 1951 to 2014, which uses all available typhoon
data from the RSMC of JMA. The trajectories of the typhoons
that struck the middle coast of Vietnam over these 63 years are
shown in Figure 11. Among them, 49 typhoons were chosen for
the storm surge simulations. In the simulations, tide was
ignored because the tide—surge interaction is insignificant, as
described in the previous section; only the surge-wave
interaction, combined with the wave-dependent drag and the

radiation stress in the case of coupled surge with wave, was
considered.

According to JMA, Typhoon Harriet (1971) was the most
intensive typhoon; this hit the Quangtri Province along the
track shown in Figure 1b. In Figure 12a, a time series of the
Typhoon Harriet wind speed and sea-level pressure at Cuaviet
in the Province of Quangtri is shown. It can be seen that the
wind and pressure parametric model estimates the Typhoon
Harriet wind and pressure field, reaching 45 m/s and 950 hPa,
respectively, at Cuaviet. In Figure 12b, a time series of the
Typhoon Harriet surge levels is seen, obtained from the coupled
model of surge and wave considering the wave-dependent drag
and radiation stress. The results show that the peak surge level
is larger than 4.0 m. Even though the calculations cannot be
validated because of lack of observations, these results of the
historical storm surge are reliable based on those of the coupled
model validated in the previous sections. The coupled model of
surge and wave estimated surges from other typhoons (e.g.,
Typhoons Cecil, 1975, and Betty, 1987) that are larger than 2.0
m on the coast where the typhoons hit, although the results are
not shown here.

DISCUSSION
This section provides discussion of the impact of the tide and
the wave and then an assessment of historical storm surges
because of the typhoons in the period of 1951 to 2014.

Impact of Tide-Surge Interaction

In the surge simulations of Typhoon Xangsane (2006), it was
found that the difference in the surge levels between uncoupled
surge with tide and coupled surge with tide was small, probably
coming from low tidal ranges below 1.0 m, as seen in Figure 5,
for instance. As a result, it can be said that the tidal effect is
insignificant in the surge level on the Danang coast of Vietnam.
However, on the northern and southern coasts in the Provinces
of Quangbinh and Quangnam, the tidal ranges reach up to 2.0
m. For further discussion on the tide—surge interaction,
scenario-based typhoons were taken into account: a modeled
typhoon that has the same intensity and track as Typhoon
Xangsane but makes landfall in both provinces at different
tidal phases of 0.9, 0.5, 0, —0.5, and —0.9 m, resulting in the
generation of maximum surge levels at the designated tidal
phase. In these simulations, two models were used: (1) the
uncoupled model of uncoupled surge with wave and (2) the
coupled model of coupled surge with wave, as listed in Table 2.
The tide-surge interaction was examined at Cuagianh and
Tamky in both provinces, as shown in Figure 13. From the
results of the uncoupled and coupled models, the peak surge
level decreases slightly as the tide phase and current increase.
However, the change of the peak surge level against the tide
phase is within 2%, as found at Sontra in the “Hindcast of
Typhoons Xangsane (2006)” section. These results are in line
with results reported by Kim, Yasuda, and Mase (2008). In
other words, it can be said that the tide—surge interaction is
insignificant on the middle coast of Vietnam because of the
small tide amplitude.

Impact of Surge—Wave Interaction
In the “Hindcast of Typhoons Xangsane (2006)” section, it
was found from the series of numerical experiments that the
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Figure 11. The trajectory of typhoons in the period of 1951 to 2014 that hits the study region.

surge—wave interaction is critical to the estimation of the
Typhoon Xangsane surge on the middle coast of Vietnam. In
other words, the effect of the wave, combined with the wave-
dependent drag and the radiation stress, is the predominant
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Figure 12. (a) Time series of atmospheric pressures and wind speeds at
Cuaviet because of Typhoon Harriet, estimated by formulae of Schloemer
(1954) and Fujii and Mitsuta (1986). (b) Time series of storm surges
calculated by the surge-wave interaction at Cuaviet because of Typhoon
Harriet. The typhoon winds and pressures reached 45 m/s and 950 hPa,
respectively, at Cuaviet. The surge height was estimated to be approximate-
ly 4.1 m.

factor affecting the surge level, and its maximum contribution
is 45% of the total surge level. At Sontra, the wave-dependent
drag contributes approximately 14% to the total surge level, in
comparison with the bulk formula. The radiation stress is in
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Figure 13. Changes of peak surge levels against different tidal phases at
Cuagianh (a) and Tamky (b) in the cases of coupled surge with wave that
combined the wave-dependent drag and radiation stress and uncoupled
surge with wave that excluded both. In addition, the improvement of the
peak surge level in the coupled surge with wave against that in the
uncoupled surge with wave is shown as a percentage (P). The results show
that the tide—surge interaction is insignificant in terms of tidal phase.
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heights using the surge and wave coupled model.

charge of up to approximately 7% of the difference in the total
surge level between the simulations including the wave-
dependent drag and radiation stress and only the wave-
dependent drag. Similar to Typhoon Xangsane, from the storm
surge simulations of Typhoon Ketsana, the wave impact
contributes up to 25% to the total surge level. In Typhoons
Ketsana and Nary, the wave-dependent drag is in charge of
maximally 16% in the total surge level compared to using only
the bulk formula, while the radiation stress is responsible for
up to 9% of the difference between the total surge levels
obtained from using both the wave-dependent drag and the
radiation stress and those obtained from using only the wave-
dependent drag (the results are not shown here). Therefore, the
importance of the surge-wave interaction in the present study
is affirmed from the surge simulations of three typhoon surges
of Typhoons Xangsane, Ketsana, and Nary. In addition, the
surge—-wave interaction significantly influences the peak surge
level in all simulations, as found in the previous sections.
Furthermore, the results indicate that the effect of the wave
varies with locations: the highest percentage of the wave-
generated surge in total surge at Cuagianh is 35% at the lowest
tidal phase (Figure 13a), while that at Tamky is 24% (Figure
13b).

Analysis of Historical Storm Surge on the Coast

Based on the results of the historical storm surge simulations
presented in the “Results” section, a frequency analysis of the
surge levels for five provinces was carried out as shown in
Figure 14. As a result, surge levels of smaller than 0.5 m
predominantly appear in each province. In the Provinces of
Quangtri, Hue, and Danang, surge levels of larger than 2.5 m
appear. Especially, in Quangtri, the highest surge level of 4.1 m
because of Typhoon Harriet (1971) was estimated. However,
surge levels of less than 2.5 m occurred in the Provinces of
Quangbinh and Quangnam. The spatial distribution of the
highest peak surge level during the period of 1951 to 2014 is
provided in Figure 15. It is seen that overall, the highest peak
surge levels of more than 2.0 m mainly occurred along the
coast. In particular, the highest peak surge levels of larger than
3.0 m are concentrated on the coasts of the Quangtri, Hue, and
Danang Provinces because of the landfall of Typhoon Harriet,
which was the most intense typhoon in these regions. It is
believed that these results are useful in practice for designing
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Figure 15. Distributions of maximum surge levels on the coast from
Quangbinh to Quangnam in the period of 1951 to 2014. The figure shows
that the highest peak surge levels of larger than 3.0 m were concentrated on
the Provinces of Quangtri, Hue, and Danang because of the most intensive
typhoon, Harriet. (Color for this figure is available in the online version of
this paper.)

coastal facilities such as dikes and breakwaters and provide
elementary information on planning mitigation of climate
change impacts on the coastal zone in Vietnam.

CONCLUSIONS

In recent years, the activity of TCs has accelerated; as a
result, the weather and hydrological phenomena in Vietnam
have become more variable (e.g., Tan and Thanh, 2013). To
mitigate future storm surge damage, it is important to
understand features of storm surges on the coast of central
Vietnam. In the present study, assessment of extreme surge
levels because of historical typhoons in the period of 1951 to
2014 is conducted. Before the assessment, the interaction of
surge, wave, and tide is investigated to look for a predominant
factor that contributes to storm surge generation on the middle
coast of Vietnam during typhoon events. A series of storm surge
simulations is conducted using SuWAT (Kim, Yasuda, and
Mase, 2008). A parametric wind and pressure model is
employed to estimate typhoon wind and pressure fields.

First, the interaction of surge and tide is investigated during
Typhoon Xangsane (2006). Results that the tide—surge inter-
action is negligible, with a difference of 2% between the surge
levels with and those without the tide. Then, the surge-wave
interaction is examined for the same typhoon. For the surge—
wave interaction, the two factors of wave-dependent drag and
wave-induced radiation stress are focused on in the surge
simulation. The results show that the wave-dependent drag
influences the surge level: maximally 14% in the total surge
level. The radiation stress also contributes to the surge level: up
to 7% in the total surge level. From the series of storm surge
simulations for Typhoons Ketsana (2009) and Nary (2013), it is
also shown that the surge—wave interaction combining the
wave-dependent drag and the radiation stress contributes up to
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25% to the total surge level and is crucial to the simulation of
the storm surge. As a result, it is found that the predominant
factor is the wave-dependent drag in the storm surge
simulation that takes into account the surge—wave interaction.
In addition, it reveals that the radiation stress is a substantial
factor.

Using the coupled model of surge and wave, a series of the
historical storm surge simulations in the period of 1951 to 2014
is conducted to assess the storm surge on the middle coast of
Vietnam because of lack of observations. From this period, 49
typhoons are selected. The results indicate that in the study
area, surge levels of 2.0 to 2.5 m are predominant on the coasts
of the Provinces of Quangbinh to Danang. Surge levels larger
than 3.0 m are concentrated on the coasts of the Provinces of
Quangtri, Hue, and Danang: in particular, the highest surge
level of 4.1 m occurs in Quangtri because of Typhoon Harriet
(1971). It is believed that these results provide elementary
information on planning and designing coastal facilities and
mitigations for potential supertyphoons due to climate change
impacts on the coastal zone in Vietnam.

In the present study, the relatively coarse grid size of 925 m
on the innermost domain was used to look at the effect of the
radiation stress on the storm surge. However, the spatial
resolution should be increased to more accurately examine the
effect of the radiation stress (e.g., Kennedy et al., 2012). Hence,
further studies should be done on higher resolutions of less
than 1-km grid sizes when planning and managing coastal
facilities and structures. In addition, the present study does not
consider a wind speed—capped drag at 25 to 30 m/s in the surge
and wave interaction in the sea surface boundary (e.g., Kim et
al., 2015). A surge—wave interaction in the bottom boundary is
not taken into account. Therefore, further studies considering
these would be needed to assess supertyphoon-induced surges.
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The national numerical weather prediction system of Vietnam is presented and evaluated. The system is based on three main models,
namely, the Japanese Global Spectral Model, the US Global Forecast System, and the US Weather Research and Forecasting (WRF)
model. The global forecast products have been received at 0.25- and 0.5-degree horizontal resolution, respectively, and the WRF
model has been run locally with 16 km horizontal resolution at the National Center for Hydro-Meteorological Forecasting using
lateral conditions from GSM and GFS. The model performance is evaluated by comparing model output against observations of
precipitation, wind speed, and temperature at 168 weather stations, with daily data from 2010 to 2014. In general, the global models
provide more accurate forecasts than the regional models, probably due to the low horizontal resolution in the regional model. Also,
the model performance is poorer for stations with altitudes greater than 500 meters above sea level (masl). For tropical cyclone per-
formance validations, the maximum wind surface forecast from global and regional models is also verified against the best track of
Joint Typhoon Warning Center. Finally, the model forecast skill during a recent extreme rain event in northeast Vietnam is evaluated.

1. Introduction

Vietnam stretches over 15-degree latitude and has a seasonal
and relatively predictable weather. The northern regions have
a humid subtropical climate, while the south is in the tropical
zone. However, because of differences in latitude and the
marked variety of topography, the climate tends to vary
considerably from place to place [1].

The weather in Vietnam is dominated by the East Asia
Monsoon. During the winter or dry season, extending
roughly from November to April, the monsoon winds usually
blow from the northeast along the China coast and across
the Gulf of Tonkin, picking up considerable moisture; con-
sequently the winter season in most parts of the country is
dry only by comparison with the rainy or summer season [2].

The rainy season lasts from May or earlier to October.
About 80-90 percent of the precipitation is related to the
southwesterly summer monsoon, tropical cyclones from the
East Sea of Vietnam, and other tropical disturbances. Annual

rainfall ranges from 1200 to 3000 millimeters; the average of
monthly precipitation amount in summer ranges from 150
to 300 millimeters [3]. The average annual temperature is
generally higher in the plains than in the mountains and
plateaus. Temperatures range from a low of 5°C in December
and January, the coolest months, to more than 37°C in
April, the hottest month. Seasonal divisions are more clearly
marked in the northern half than in the southern half of the
country, where, except in some of the highlands, seasonal
temperatures vary only by a few degrees, usually in the 21°C-
28°C range.

Downscaling of global climate models indicates that even
though the air temperature in Vietnam is expected to increase
by up to 0.5 K per decade in summer, the precipitation signal
depends more on season and region [4]. Overall, an increase
in rainfall can be expected, even though the influence of
global warming on monsoon patterns is highly uncertain [5].
It is generally expected that there will be a higher occurrence



of extreme precipitation events with global warming, and
improved accuracy of operational forecasts can be expected
to be of increasing importance to society [6].

It is important to improve the short term forecasting in
Vietnam in order to increase the preparedness and mitigate
effects of weather induced events such as river flooding,
landslides, and strong winds [7]. In order to test and enhance
the forecasting system at the National Hydro-Meteorological
Service of Vietnam (NHMS), verification against routine
observations is useful, preferably including several years of
data. Other important phenomena affecting Vietnam are
tropical cyclones. With over 3200 km coastal length, Vietnam
is also affected by 8-12 tropical cyclones every year moving
from Western North Pacific Ocean or generated in South
China Sea, the East Sea of Vietnam [8]. Tropical cyclones
affect both land and sea by strong wind and heavy rainfall.

By comparing with satellite-derived precipitation, fore-
cast validations from both global and regional models over
Southeast Asia have previously been carried out. For exam-
ple, Yuan et al. [9] validated precipitation forecast from
GFS/NCEP system with PERSIAN data for 1-7-day forecast
ranges. The results showed that, for the Southeast Asia region,
the RMSE of GFS is 5-10 mm/day for 24-hour forecast range
and large RMSE values were found over the coastal areas
of the center and the south of Vietnam: Indonesia and the
Philippines. At regional forecast scales, Hayashi et al. [10]
verified the forecast from WRF-ARW model (running at
20 km horizontal resolution) with CMORPH observations
over the northern parts of Southeast Asia (Indonesia) from
2007 to 2008. They showed that the forecasts of daily
rainfall had a tendency of overestimation for threshold under
5mm/3 h (bias > 2) and underestimation at higher threshold
(bias below 0.3 for higher 10 mm/3 h).

The purpose of this paper is threefold. Firstly, we want to
present a brief overview of the operational forecasting system
and some characteristics of the weather in Vietnam. Secondly,
we will discuss the performance of the forecasting models
for different regions and seasons, with emphasis on wind and
precipitation since extreme maxima of these two parameters
are key threats to lives, livelihoods, and infrastructure. We
will present verification statistics for the period 2010-2014.
Finally, we will discuss the performance of the model system
during an extreme rainfall event in the northern region of
Vietnam in July/August 2015.

2. Materials and Methods

Operational forecasting at the National Center for Hydro-
Meteorological Forecasting in Vietham (NCHMEF) is based
on three main models, namely, the Japanese Global Spectral
Model (GSM), the NOAA Global Forecast System (GFS),
and the National Center for Atmospheric Research (NCAR,
US) Advanced Research of Weather Research and Forecasting
(WRF) model, which is run locally.

The WRF model version 3.1 [11] has been applied since
2010 as the main forecasting tool at NHMS Vietnam. Due
to limited computing power available, it is run in a 1-
domain setup of 16 km resolution and other configurations

Advances in Meteorology

including the Rapid Radiative Transfer Model (RRTMG)
for long- and short-wave radiation schemes, the Monin-
Obukhov surface layer scheme, the Noah land surface
model land surface parameterization, the Yonsei University
planetary boundary layer, and the Kain-Fritsch cumulus
parameterization scheme. Boundary conditions are taken
from GFS or GSM model with 0.5deg resolution. Model
output is given every 3 hours with 60-hour lead time. At
the surface, the following parameters are analyzed: mean
sea level pressure (MSLP), cloud cover, specific humidity,
precipitation, 2 m temperature, and wind at 10 m. At standard
pressure levels, air temperature, wind, geopotential height,
and specific humidity are analyzed.

GES is the global spectral model of NCEP (National
Center for Environmental Predictions) (USA) and was put
into operation in NCEP since 1988 [12]. The GFS model is
a model with an approximate horizontal resolution of 13 km
for the first 10 days and 27 km from 240 to 384 hours (16
days). In the vertical, the model is divided into 64 layers
and it produces forecast output every hour for the first 12
hours, every three hours through days 10, and every twelve
hours through day 16. Since 2005, NCHMF began to receive
GFS model output with resolution of 0.5 degrees and 27-level
outputs.

GSM is the global spectral model of Japan Meteorological
Agency (JMA), and it was put into operation at JMA in
1988 [13]. The first model had horizontal resolution of 55 km
and 16 verticals levels, the top isobaric level was 10 hPa, and
primitive equations were written in sigma coordinates. In
2007, horizontal resolution was improved to 20 km and the
number of vertical layers was increased from 40 to 60. In 2013,
the range of the forecast run at 12 UTC was extended from 216
to 264 hours for both the GSM and the One-Week Ensemble
Prediction System. NHMS Vietnam has applied GSM since
1997. Since 2008, NCHMEF began to receive GSM model with
resolution of 0.5 degrees and 21-level output. NCHMEF also
received GSM surface fields with resolution of 0.25 degrees
since 2010.

The initial and boundary conditions for the WRF model
are taken from above GSM and GFS forecasts at surface and
pressure levels. Depending on driving boundaries, the WRF
forecasts are named as WRF-GFS if using GFS and WRF-
GSM if using GSM. An example of different rainfall forecast
from GSM and GFS and downscaling forecast from WREF-
GSM and WRF-GFS is illustrated in Figure 8.

During tropical cyclones, the track and intensity forecast
are calculated from these models by finding the minimum
sea surface pressure (as position of tropical cyclones) and
maximum surface wind (as intensity of tropical cyclone).

The number of observation stations in Vietnam increased
from 89 in 1988 to 178 in 2015, with 4 or 8 observations
per day. In this paper, in order to verify model data, we use
observation data from 168 stations. The spatial distribution
of all local observations is plotted in Figure1(a). Of these
168 stations, only about 18-24 stations are reported to WMO
every 6 hours. The highest station density is in the Red
River Delta area with approximately 1 station per 750 km?.
The coarsest station density is in the central highland area
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FIGURE I: (a) Weather stations in Vietnam where 21 stations over the northwest are marked by green circles, 49 stations over the northeast
are marked by red triangles, 12 stations over Red River Delta are marked by black stars, 20 stations over the north center are marked by
inverted brown triangles, 15 stations over the middle center are marked by blue squares, 11 stations over the south center are marked by blue
rhombuses, 17 stations over the central highland are marked by dark green pentagons, and 23 stations over the south are marked by pink
circles. (b) Tropical cyclone activities over East Sea of Vietnam from 2010 to 2014.

with approximately 1 station per 3200 km*. On average, the
current surface observation network density of Vietnam is
about 1 station per 1500 km? for flat regions and 1 station per
2500 km? for complex regions.

Here we have used simple statistics in order to compare
forecasts with observations. The 24 h forecast for the period
2010-2014 has been stored for each station and compared
with observations. Three main verification scores will be used
in this study including mean absolute error (MAE), root
mean square error (RMSE), and equitable threat score (ETS)
[14]. The definition of ETS is as follows:

prs - — B Mt o

H+M+F - Hits,, gom

where Hits,, 4., = (H+ F)(H + M)/T, H is the hit rate of
occurring rainfall (at a given threshold) for both forecast and
observation, M is missed rate of occurring rainfall forecasts,
F is the false alarm rate of the forecast, and T is a sum of H, M,
and F and number of nonoccurring rainfalls for both forecast
and observation.

For tropical cyclone performance validations, the maxi-
mum wind surface forecast from global and regional models
will also be verified against the best track of Joint Typhoon
Warning Center (JTWC) [15] for this period.

3. Results and Discussion

The observation quality control processes are based on the
comparisons of observation values and other references
including climatology and mean values of surrounding sta-
tions and from model forecast. If deviations of observations

and references are high, these observations will be classified
as high probability of wrong observation. The criteria for
classification are also dependent on variables and climate
regions. In our study, the precipitation and wind observation
are simply controlled if they are within reasonable ranges. The
temperature observations are accepted only when passing
through two steps: (i) they are numerically with a reasonable
range compared to climatology data and (ii) they are checked
to be not too much oft from their surrounding observations.
For example of quality control results, on March 16, 2011, for
WMO station Da Nang with ID 48885, the temperature of
00Z (7 am local time), 06Z (13 pm local time), 12Z (19 pm
local time), and 18Z (01 am local time) was 20.3°C, 18.8°C,
17.9°C, and 18.4°C. The minimum of temperature of climate
data for 06Z (13 pm local time) is 20.1°C (the mean value
minus five times the standard deviation of temperature for Da
Nang station from 1998 to 2010); therefore the value 18.8°C for
18Z had been qualified as wrong value even though actually
this is caused by cold surge from the north. Another example
also for Da Nang station on April 18, 2011, the temperature of
00Z,06Z,12Z,and 18Z was 25.7°C, 23.2°C, 23.9°C,and 22.7°C.
The value 23.2 for 06Z was qualified also for the climatology
check. In summary, Tables 1 and 2 show the percentage of
data perfection in every month of 2010-2014 for temperature
and wind speed, respectively. About 85% of the temperature
observations and 88% of the wind speed observations are
accepted for this period.

The maps for average wind (Figure 2) reveal temporal
and regional patterns. Not surprisingly wind speeds (U10)
are highest in the late afternoon (12Z observations). Wind
speeds are highest along the coast (particularly the Red
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TABLE 1: Percentage (%) of observation data (T2m) kept after quality control.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2010 86.31 82.19 84.79 85.71 79.13 81.13 79.99 79.27 78.59 84.17 83.86 87.91
2011 88.96 85.18 80.33 85.29 84.66 84.46 79.77 80.73 75.99 86.82 85.93 89.24
2012 88.10 83.41 84.73 7798 81.85 81.30 81.06 78.54 82.38 84.33 84.92 83.25
2013 89.62 87.00 86.56 85.80 83.02 86.34 84.27 79.11 78.35 84.48 88.74 90.97
2014 91.16 89.48 85.67 85.09 84.95 87.33 84.83 83.14 83.77 88.77 88.47 92.62

TABLE 2: Same as Table 1, but for wind (U10).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2010 87.43 87.28 87.49 87.82 84.37 88.02 87.83 87.43 87.57 87.14 83.82 88.16
2011 88.61 88.89 83.37 88.65 87.81 87.86 88.77 89.18 86.87 90.46 87.99 88.76
2012 89.67 86.78 88.26 81.73 87.43 87.32 88.08 88.42 87.74 86.83 87.87 84.07
2013 90.87 88.05 88.16 88.35 89.67 89.43 89.67 88.33 81.95 87.12 89.22 90.04
2014 88.92 88.12 88.46 88.29 90.47 91.86 92.99 92.30 90.86 91.65 91.57 93.30
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FIGURE 2: Summer (April-September) average wind speed in Vietnam from observations 2010-2014 at different forecast cycles: (a) 00 UTC
(07 am local time), (b) 06 UTC (13 pm local time), (¢) 12 UTC (19 pm local time), and (d) 18 UTC (01 am local time). (e-h) Winter (October-
March) average wind speed in Vietnam from observations 2010-2014 at different forecast cycles: (e) 00 UTC (07 am local time), (f) 06 UTC
(13 pm local time), (g) 12 UTC (19 pm local time), and (h) 18 UTC (01 am local time).
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FIGURE 3: Average summer (a) and winter (b) 24 h accumulated rainfall from observations.

River Delta and the South Central region) and in the central
highland. In the latter region, the observation network is
sparse. Average wind speeds are somewhat higher in winter,
mainly due to cold surges from the north. Sometimes these
cold surges can affect the central region of Vietnam (latitude
~15-16°N). In the southwesterly monsoon season (summer),
precipitation is highest (around 2500 mm in six months) in
the northern mountain regions (Figure 3(a)), while during
the northeast monsoon during winter the central region near
Da Nang receives the most precipitation (around 2500 mm in
six months) (Figure 3(b)).

Looking at forecasts of Ul0 (Figure 4), the two global
models (GSF and GSM) have a RMSE compared to obser-
vations of around 1m/s in most of the country, except in
the central highland south and central coastal areas, where
the RMSE is around 3 m/s. For the two regional realizations
with global models on the boundaries (WRF-GFS and WREF-
GSM), the RMSE is around 3-6 m/s for the entire country.
Patterns are similar in both summer and winter, but with
slightly higher errors in winter. There were no systematic
biases for U10 from both global and regional forecasts.

About 42 tropical cyclones affecting Vietnam, with about
600 forecast cycles (see Table 3 and Figure 1(b)) from 2010 to
2014, have been verified. The global forecast mean absolute
errors range from 9 to 10 m/s for 24 h forecast range and 10 to
11 m/s for 48 h forecast range. The regional forecasts perform
10-15% better compared to global errors, from 8 to 9 m/s for
24 h forecast and 8.5 to 9.5 m/s for 48 h forecast (see Table 4).
Some track forecasts validations (not shown here) also for
these tropical cycles showed that there were small differences
between regional and global forecasts.

For 24-hour accumulated precipitation, RR24 (Figure 5),
in winter, the GFS forecasts compare slightly better to
observations compared to GSM, with MAE < 10 mm for

most regions, while the regional models reveal errors of
10-20 mm in most regions. In summer, the GSM provides
the most accurate forecast. Again, errors are highest in the
central highland. In general, moderate rain is overestimated,
while severe rains are underestimated (Tables 5 and 6), which
corresponds to the results by Hayashi et al. [10].

The ETS was computed at three thresholds for this period
and shown in Table 8. The GSM showed highest values for
both 24 h forecast range (0.2) and 48 h forecast range (0.16).
The regional models can compare with global forecast only
at the threshold below 16 mm/24 h. At the higher threshold
(over 50 mm/24h), the ETS is reduced from 30 to 40%
compared to the lower threshold.

For 2m air temperature, T2M (Figure 6), errors tend to
be smaller in the south, with GSM having the most accurate
forecasts (MAE < 1K in the south), otherwise mostly MAE
< 2K. Again, the regional models seem to have poorer skill
than their global counterparts.

Finally, we have studied the extreme precipitation episode
in the northeast region during the period from 25 July to
3 August 2015 (Figure 7). This region is characterized by a
relatively dense observation network (49 stations, Figure 1).
A tropical depression was stationary off the coast in this
period, providing a northeast air flow with unprecedented
216 hr precipitation amounts at several stations. The highest
precipitation was recorded at Cua Ong (StationID: 48836,
107.35E; 21.02N, 57 masl) with 1172 mm. This station is not
in the GTS WMO list for Vietnam and consequently not
assimilated in the global models. During this episode, GFS
seems to be more accurate, with MAE for RR24 of around
70 mm in the affected region (Figure 8). The regional model
forecasts reveal MAE of around 100 mm, showing that the
extreme precipitation episode was grossly underpredicted by
all models (Table 7).
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FIGURE 4: (a-d) Root mean square error of wind speed for model GFS (a), GSM (b), WRE-GFS (c), and WRF-GSM (d) forecasts, summer
(April-September) 2010-2014. (e-h) Root mean square error of wind speed for model GFS (e), GSM (f), WRF-GFS (g), and WRF-GSM (h)

forecasts, winter (October—March) 2010-2014.

4. Conclusions

The forecasting system at National Center for Hydro-
Meteorological Forecasting, National Hydro-Meteorological
Service of Vietnam, has been described and evaluated. The
system is based on available data from two global models
(GFS and GSM) as well as a regional model (WRF) which is
run locally with 16 km resolution. Here, we have presented
verification results for 24-hour accumulated precipitation
(RR24), 10 m wind speed (U10), and air temperature at 2m
(T2m). Model data has been stored for 168 stations for the
period 2010-2014 and compared with observations at these
stations. Related tropical cyclones, the maximum surface
wind, or intensity forecasts were also verified against the best
track of JTWC.

For precipitation forecasts, the results show low skill of
all models for thresholds over 16 mm per day. All models can
provide correct forecasts over 90% for only small amount
of rainfall (0-16 mm/24 h) and below 30% for heavy rainfall.
The models can capture precipitation over 16 mm/day better

in winter compared to summer (30-50% compared to 10-
30% in summer). In general, the GSM has better skills in
precipitation forecast than other systems (highest ETS). The
skills of regional forecast for surface variables are clearly lower
than global forecasts. For tropical cyclone forecasts, there
is no improvement of track forecasts in regional forecasts
but the regional forecast can provide slightly more accurate
intensity than global forecasts.

For RR24, the MAE for all stations with height below
500 m was 6.8 mm for GSM, 5.8 mm for GFS, and 5.7 mm
for both WRE-GSM and WREF-GES. For stations with height
above 500 m (29 stations) the MAE was 6.1mm for GSM,
6.7mm for GFS, 8.9mm for WRF-GSM, and 10.3 mm for
WRE-GES. The poorer performance for high altitude stations
is in accordance with Shea et al. [16]. For U10 and T2m, there
is no clear difference in errors for station above or below
500 m.

In addition, an extreme rain event during the period
from 25 July to 3 August 2015 has been studied in particular.
In general, the regional model has lower skill than the
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TaBLE 3: Tropical cyclones affecting Vietnam sea from 2010 to 2014.

Year Name Start date End date Maximum surface wind (kt)
HAGUPIT 2014120112 2014121200 155
SINLAKU 2014112606 2014112918 55
FUNG WONG 2014091712 2014092312 50
2014 KALMAEGI 2014091018 2014091618 70
RAMMASUN 2014071212 2014071900 135
HAGIBIT 2014061406 2014061700 45
KAJIKI 2014013018 2014020118 35
HAIYAN 2013110320 2013111100 170
KROSA 2013102913 2013110400 100
NARI 2013100908 2013101500 105
WUTIP 2013092618 2013093012 90
2013 USAGI 2013091618 2013092212 140
UTOR 2013080818 2013081412 130
MANGKHUT 2013080518 2013080718 40
JEBI 2013073100 2013080306 60
BEBINCA 2013062012 2013062306 35
SONAMU 2013010312 2013010818 45
WUKONG 2012122418 2012122812 35
BOPHA 2012120112 2012120900 140
SONTINH 2012102318 2012102900 110
GAEMI 2012100112 2012100612 55
2012 TEMBIN 2012081900 2012082912 115
KAI TAK 2012081212 2012081718 70
VINCENTE 2012072018 2012072400 115
DOKSURI 2012062612 2012063000 50
TALIM 2012061718 2012062100 45
PAKHAR 2012032900 2012040118 65
WASHI 2011121306 2011121912 55
BANYAN 2011101000 2011101418 35
NALGAE 2011092706 2011100512 130
HAITANG 2011092412 2011092618 35
2011 NESAT 2011092312 2011093012 105
NOCK TEN 2011072418 2011073006 65
HAIMA 2011061618 2011062418 35
SONGDA 2011052006 2011052806 140
AERE 2011050606 2011051100 50
MEGI 2010101300 2010102306 155
MERANTI 2010090800 2010091000 65
2010 LIONROCK 2010082706 2010090200 55
MINDULLE 2010082212 2010082412 60
CHANTHU 2010071806 2010072212 75
CONSON 2010071112 2010071718 75

TAaBLE 4: MAE of maximum surface wind forecast for tropical cyclone affecting East Sea of Vietnam from 2008 to 2014 (unit m/s) for 24 h
and 48 h forecast ranges. Notice that the GSM in this table is in 0.5-degree resolution.

Model GFS GSM WRE-GEFS WREF-GSM
Year\range 24h 48h 24h 48h 24h 48h 24h 48h
2010 11.5 11.0 9.5 51 8.6 71 6.1 5.1
2011 3.8 6.0 3.8 5.9 39 10.0 3.7 59
2012 9.0 8.1 9.5 7.3 7.2 6.3 7.8 7.3
2013 13.3 14.6 16.6 9.6 8.7 9.3 11.0 9.6

2014 10.9 13.4 13.4 26.9 15.2 13.9 24.3 26.9
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FIGURE 5: (a—d) Mean absolute error for 24 h accumulated rainfall (RR24) for model GFS (a), GSM (b), WRF-GFS (c), and WRF-GSM (d)
forecasts, summer (April-September) 2010-2014. (e-h) Mean absolute error for 24 h accumulated rainfall (RR24) for model GFS (e), GSM
(f), WRE-GFS (g), and WRE-GSM (h) forecasts, winter (October-March) 2010-2014.

TaBLE 5: Contingency table for RR24, winter (October-March), TABLE 6: Same as Table 3, but for summer (April-September), 2010-
2010-2014. Bold font indicates correct forecasts. The columns are the 2014.
four observation categories.

Observation
Observation (mm) 0-16 16-50 50-100 100+ Sum (%)
(mm) 0-16 16-50 50-100 100+ Sum (%) 0-16 90,63 7,96 1,26 0,15 100
0-16 97,34 224 0,35 0,07 100 GSM 16-50 69,92 22,72 6,18 1,18 100
GSM 16-50 66,28 24,70 6,65 2,37 100 50-100 40,50 30,70 18,91 9,89 100
50-100 30,71 3L60 21,29 16,41 100 100+ 1339 2186 3388 30,87 100

100+ 625 1838 2574 49,63 100
0-16 9720 228 042 01l 100
16-50 61,57 28,27 746 2,70 100 GFS

0-16 89,30 8,88 1,59 0,23 100
16-50 68,74 23,23 6,56 1,47 100

GFS S0 3300 aoen 1851 1ol 100 50-100 4597 2854 17,38 810 100
100+ 12,67 1900 1946 48387 100 ;0‘1; ;;’Z; 285’ f06 217’6909 205’2238 igg

0-16 9722 232 038 0,08 100 - ’ ’ ’ ’
whecey 1650 6432 2475 81 282 100 WRE.Gsm 16-50 6879 2330 636 155 100
50-100 28,93 2821 20,58 2228 100 >0-100 46,2 2998 16,57 733 100
100+ 23,04 21,47 17,80 37,70 100 100+ 33,99 25,74 21,78 18,48 100
0-16 97,40 2,17 0,36 0,07 100 0-16 89,87 837 1,53 0,23 100
WRE.GEs 16750 6415 2590 743 252 100 WRE.GEs 16-50 6923 2322 616 139 100
50-100 3393 2939 19,66 1702 100 50-100 50,12 28,09 14,18 76l 100

100+ 2782 20,55 19,55 @ 32,08 100 100+ 43,76 26,64 18,60 10,99 100
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FIGURE 6: (a-d) Mean absolute error for 2 m air temperature (T2m) for model GFES (a), GSM (b), WRE-GFS (c), and WRF-GSM (d) forecasts
for summer (April-September) 2010-2014. (e-h) Mean absolute error for 2 m air temperature (T2m) for model GFS (e), GSM (f), WRF-GFS
(g), and WRF-GSM (h) forecasts for winter (October—March) 2010-2014.

216-hours accumulated rainfall TABLE 7: Same as Table 3, but for the extreme event in the northeast

1500 region (49 stations), 27 July to 3 August 2015.

i;gg Observation

1200 (mm) 0-16 16-50 50-100 100+ Sum (%)

1100 0-16 63,68 2692 769 171 100

1000 16-50 43,82 35,96 14,89 5,34 100
GSM

900 50-100 3710 25,00 26,61 11,29 100

800 100+ 50,00 2222 556 @ 22,22 100

Fodi 0-16 60,93 2650 1093 164 100

500 g GFS 16-50 39,46 39,08 15,33 6,13 100

00 = 50-100 3671 2658 22,78 13,92 100

350 100+ 19,23 23,08 26,92 30,77 100

300 0-16 59,29 27,53 10,12 3,06 100

250 _

500 WRE-GSM 16-50 39,43 36,99 18,29 5,28 100

150 50-100 14,81 29,63 29,63 25,93 100

100 100+ 42,86 28,57 14,29 14,29 100

50 0-16 60,74 25,64 9,93 3,70 100

20 16-50 35,44 40,93 18,99 4,64 100
WRE-GFS

0 50-100 17,02 31,91 27,66 23,40 100

100+ 33,33 20,00 26,67 20,00 100

FIGURE 7: 216-hour accumulated rain fall, 25 July-3 August 2015.
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TABLE 8: ETS at three thresholds for 24 h and 48 h forecast range of GFS, GSM, WRF-GFS, and WRF-GSM in Vietnam from 2010 to 2014.

GFS GSM WREF-GFS WRE-GSM
Threshold
24h 48h 24h 48h 24h 48h 24h 48h
16 mm/24 h 0.18 0.15 0.2 0.16 0.19 0.15 0.18 0.14
50 mm/24h 0.13 0.1 0.16 0.13 0.13 0.1 0.12 0.09
100 mm/24 h 0.12 0.09 0.14 0.11 0.09 0.07 0.08 0.07

24-hours MAE rainfall

100

(mm)

100

&
(mm)

(c)

24-hours MAE rainfall

5
(mm)

(b)
24-hours MAE rainfall

b
(mm)

(d)

FIGURE 8: Mean absolute error for 24 h accumulated rainfall (RR24) for model GFS (a), GSM (b), WRF-GFS (c), and WRF-GSM (d) forecasts,

25 July-3 August 2015.

global products. All models have lower skills in mountainous
regions compared to lower regions.

The resolution of WRF at 16km is not enough for
simulating the mesoscale phenomena after downscaling from
global forecasts. The large errors from regional models can be

reduced by using assimilation schemes in upcoming studies
with local observations of Vietnam that have not earlier
been submitted to the global telecommunication system of
WMO. Only about 20-30 stations of Vietnam are reported
and can be used in assimilation of global models. In the
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near future, new computing facilities and faster networks
will be available, and the regional forecasts can be improved
with increasing horizontal and vertical resolution. Systematic
testing of different boundary layer schemes and surface
physics will also be carried out for heavy rainfall cases
occurring in Vietnam.

Even though the present study shows that the regional
models perform poorer than available global products,
NHMS Vietnam has gained competence and experience
running WRF and is now prepared to run the model with
nesting and higher resolution.
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Abstract Damage to vegetation by tsunami moment and
reduction of potential tsunami force are discussed based on a
numerical simulation. A numerical model based on two-
dimensional nonlinear long-wave equations that include
drag forces and turbulence-induced shear force due to the
presence of vegetation was developed to estimate tree break-
ing. The numerical model was then applied to a coastal
forest where two dominant tropical vegetation species, Pan-
danus odoratissimus and Casuarina equisetifolia, were con-
sidered. The threshold water depth for tree breaking
increased with increasing forest width, and the analysis
was consistent with the field investigation results that the
critical tsunami water depth for breaking is around 80% of
the tree height for P. odoratissimus. C. equisetifolia is stron-
ger than P. odoratissimus against tsunami action, but P,
odoratissimus can reduce a greater tsunami force than C.
equisetifolia due to its complex of aerial root structures.
Even if breakage occurs, P. odoratissimus still has high
potential to reduce the tsunami force due to its dense aerial
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root structures. Previous numerical models that do not in-
clude the breaking phenomena may overestimate the vege-
tation effect for reducing tsunami force. The combination of
P odoratissimus and C. equisetifolia is recommended as a
vegetation bioshield to protect coastal areas from tsunami
hazards.

Keywords Vegetation bioshield - Trunk breakage -
Pandanus odoratissimus - Casuarina equisetifolia - Tsunami
force and moment acting on tree trunk

Introduction

Previous studies have revealed that coastal vegetation can play
a significant role in reducing tsunami energy and damage to
people and property (for example, Shuto 1987; Tsuji et al.
2003; Synolakis et al. 2002; Lynett et al. 2003; Danielsen et al.
2005; Kathiresan and Rajendran 2005; Tanaka et al. 2007,
Mascarenhas and Jayakumar 2008). Currently, coastal forests
are widely considered to effectively mitigate tsunami damage
from both economic and environmental points of view, al-
though their role is still questioned due to the absence of
adequate studies (Kerr and Baird 2007; Fritz et al. 2007; Okal
et al. 2010). In fact, several projects to plant vegetation on
coasts as a bioshield against tsunamis have been started in
South and Southeast Asian countries (Tanaka et al. 2009;
Tanaka 2009).

The reduction in tsunami damage behind a coastal forest
depends on the vegetation species and their properties (tree
height, diameter, and density), extent and arrangement of the
forest (along-shore length and cross-shore width), and tsu-
nami conditions. Based on field investigations carried out in
Sri Lanka and Thailand after the Indian Ocean tsunami in
2004 and in Indonesia after the Java tsunami on 2006,
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Tanaka et al. (2007) identified six types of coastal vegeta-
tion that are dominant species in the above countries by
habitats and stand structures of the trees. Tree diameter
and space between trees were correlated. Observation data
indicated that Pandanus odoratissimus grown in beach sand
is especially effective in providing protection from tsunami
damage in tsunami with overland flow depths less than five
meters high due to its density and complex aerial root
structure, but it is not strong enough to preclude the risk of
breaking due to the action of a higher tsunami (Fritz et al.
2007). The threshold height of the breaking point of P
odoratissimus was observed at the top of the aerial roots.
The tsunami water depth observed for bending or breaking
of P. odoratissimus was above 80% of the tree height
(Tanaka and Sasaki 2007). On the other hand, Casurina
equisetifolia (young trees), one of the other dominant veg-
etations, was found to be effective in providing protection
from tsunami due to its higher density, as observed during
the 1998 Papua New Guinea tsunami (Kawata et al. 1999).
C. equisetifolia does not have aerial roots, but its trunks
were rarely broken (Tanaka et al. 2007, 2009). Observation
revealed that most of the damage to C. equisetifolia was due
to uprooting. Based on the field investigation data, Tanaka
et al. (2009) proposed an empirical formula to determine
breaking moments of various tropical trees, including P.
odoratissimus and C. equisetifolia.

Several previous studies have discussed the effects of
vegetation on tsunami mitigation based on numerical simu-
lation results (Harada and Imamura 2005; Nandasena et al.
2008; Tanaka et al. 2009; Thuy et al. 2009a, b; Thuy et al.
2010). Thuy et al. (2009a) selected a coastal forest of P
odoratissimus to study the effects of open gaps in a coastal
forest on tsunami run-up in a simulation, after they validated
the numerical model results with experimental data. Further-
more, Thuy et al. (2010) discussed the effects of forest and
incident tsunami conditions on the tsunami force around a
costal forest with a gap based on the numerical results.
However, in the above study, the effect of tree breakage
was not considered because the tsunami depth in the simu-
lation was less than 80% of tree height. For mangrove trees
(Rhizophora sp.), Yanagisawa et al. (2009) proposed a fra-
gility function to describe the relationship between the
probability of damage and the bending stress caused by
the maximum bending moment based on the findings of
field surveys at Pakarang Cape, Thailand, after the 2004
Indian Ocean tsunami.

The tsunami force is directly affects the damage to trees,
but the tsunami force and bending moment of trees have not
been discussed in detail in previous studies. Therefore, the
objective of this study is to determine quantitatively how the
breaking of trees in a forest affects the tsunami impacts. In
the present paper, a coastal forest of P. odoratissimus and C.
equisetifolia was considered, and the potential tsunami force
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and bending moments were studied by numerical simula-
tions. The numerical model was based on the two-
dimensional nonlinear long-wave equations as reported in
Thuy et al. (2009a, 2010). Numerical results were validated
with field measurement data on the threshold water depth
for tree breaking, and then breaking length, reduction of
water depth, and potential tsunami force are discussed in
relation to the tree growth stage.

Mathematical model and calculation procedure
Governing equations

The governing equations are the two-dimensional nonlinear
long-wave equations that include drag and turbulence induced
shear forces due to interaction with vegetation. The conserva-
tion of mass and momentum equations are respectively:
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i = 1
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x and y are the horizontal coordinates; V', and V}, are the depth-
averaged velocity components in the x and y dlrectlons re-
spectively; ¢ is the time; d the total water depth (d=/+ (); & the
local still water depth (on land, the negative height of the
ground surface); ¢ the water surface elevation; g the gravita-
tional acceleration; p the water density; » the Manning rough-
ness coefficient; and ~ the tree density (number of trees/m?).
Cp.qn 1s the depth-averaged equivalent drag coefficient



Tsunami mitigation by coastal vegetation

considering the vertical stand structure of the trees, which was
defined by Tanaka et al. (2007) as:

d
CD—al[(d) = CD—refé /0 a(ZG)IB(ZG)dZG (8)
a@ﬂ—%z) 9)
R (10)

where b(zg) and Cp(zg) are the projected width and drag
coefficient of a tree at height z5 from the ground surface,
and b, (m) and Cp_.rare the reference projected width and
reference drag coefficient, respectively, of the trunk at z5=
1.2 m in principle. The eddy viscosity coefficient v, is
expressed in the Sub-Depth Scale (SDS) turbulence model
(Nadaoka and Yagi 1998; Thuy et al. 2009a).

Numerical simulation method

The governing equations were solved by the finite-difference
method of a staggered leap-frog scheme which is widely used
in numerical simulations of tsunamis (for example, Liu et al.
1994; Titov and Synolakis 1997; Imamura et al. 1998). The
specific numerical scheme is described in detail in Thuy et al.
(2009a) and hence omitted here. A sinusoidal incident tsunami
was used as a time-dependent boundary condition at the most
offshore side of the wave-generation zone. For a moving
boundary treatment, a number of algorithms are necessary so
that the flow occurring when the water surface elevation is high
enough can flow to the neighboring dry cells. The initial con-
ditions were given for an at-rest state in the computational
domain including the wave-generation zone. In the numerical
simulation, a uniform grid size of 2.5 m was applied. The
Manning roughness coefficient 7 was set as 0.025 s/m"” for a
relatively bare rough ground, which is widely used in numerical
simulations of tsunami run-up (for example, Harada and
Imamura (2005)). The turbulence length scale coefficient (\)
was set as 0.08, the same value used in Thuy et al. (2009a, 2010).

Definitions of tsunami force and bending moment on a tree

Tsunami force vector

A tsunami force vector (ﬁ *) is defined by the following
equation:

F* = 2 pal| 7| (11)

This is essentially the momentum flux integrated over the
inundation depth and corresponds to the total drag force due
to the tsunami acting on a virtual tall column of unit width
and a unit drag coefficient under the assumption of depth
averaged velocity. For an example, the integrated drag force
vector (17“ Tree) ON a single tree with a height of Hy.,. can be
calculated by the following relationship:

- = %
Frree = CDfallbrefF y Hrree > d

H)‘EE I
= CDfallbref 2 F*a Hrpee < d

Tsunami bending moment vector

On the other hand, the tsunami bending moment vector

(A_;[T,ee) at a critical height (4.) of the tree from the ground
surface is expressed as follows:

MTree = %pCDr‘efbrefI?{ V’ fhli aﬁ(zG - hc)dZG7 he < d < Hryee
=0, d<h

(13)

where /. is critical height (top of the aerial roots for P
odoratissimus, =0 for C. equisetifolia). The notation of
A_;IT,CQ hereafter is replaced by ]\7[,, and MC for P. odor-
atissimus and C. equisetifolia, respectively.

Breaking moment of P. odoratissimus and C. equisetifolia

Tanaka et al. (2009) proposed an empirical formula to
calculate the breaking moment (unit: KNm) Mpp and Mpc
of P. odoratissimus and C. equisetifolia. The equations
converted into SI units are as follows:

2.62 ..
) for P. odoratissimus

Mgp = 4.45(100b, (14)
Mpc =4.90(1.5 x 100by€f’)3 for C. equisetifolia
where the empirical constants 4.45 and 4.90 are dimensional
of kN/m'%% and kN/m?, respectively.

Coastal topography and forest conditions

A uniform coastal topography with a cross-shore section
perpendicular (x-axis) to a straight shoreline, as shown in
Fig. 1, was selected as a model case. The bed profile of the
domain consists of four slopes, S=1/10, 1/100, 1/50, and 1/
500. The offshore water depth at an additional wave-
generation zone with a horizontal bottom is 100 m below
the datum level of z=0. The tide level at the attack of the
tsunami was considered to be 2 m, and therefore the still
water level is 2 m above the datum level. The direction of
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Fig. 1 Schematic of topography for numerical simulation

the incident tsunami was perpendicular to the shoreline. In
the present paper, the run-up of only the first wave is dis-
cussed. The coastal forest starts at the starting point of the 1/
500 slope on the land (x=5700 m), where the ground is 4 m
above the datum level (2 m above the tide level at the
tsunami event). The forest was assumed to extend finitely
in the direction of the shoreline (y-axis).

In the present study, a coastal forest consisting of P.
odoratissimus was mainly considered. In addition, C. equi-
setifolia is discussed for comparison. As shown in Fig. 2(a),
P. odoratissimus has a complex aerial root structure that
provides additional stiffness and increases the drag coeffi-
cient. In the field surveys in Medilla in Sri Lanka conducted
after the Indian Ocean tsunami, P. odoratissimus was ob-
served to have broken just above the top of the aerial roots
because the root region shares the breaking moment (Tanaka
et al. 2007). On the other hand, C. equisetifolia does not
have aerial roots, but its trunk was rarely broken; most of the
damage to C. equisetifolia was due to uprooting. Figure 2(b)
shows the «, 3, and Cp_,y; of P. odoratissimus proposed by
Tanaka et al. (2007) for the condition of the tree height
Hpyee=06 m, reference diameter b,,~0.155 m, and reference
drag coefficient Cp_.,;=1.0. The reference drag coefficient
of 1.0 was adopted for a trunk with a circular section and a
rough surface in high Reynolds numbers. The value of Cp_,;;
varied with the total depth d (inundation depth) because the
projected width b and the drag coefficient C, vary with the
height from the ground surface zg. Figure 2(c) shows the
variation of Cp_,; by water depth with tree growth stage (2,
4, 6, and 8 m tree height). The data were obtained by
analyzing photographs taken in Sri Lanka after the 2004
Indian tsunami, and take depth averaged to the water depth
of 8 m for numerical simulations. It can be seen that the
change of Cp_,; due to water depth is similar for all tree
heights, but it increases with increasing tree height at the
same water depth.
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Fig. 2 a Pandanus odoratissimus, b vertical distribution of «, (3, and
Cp.ant (Hyee=6 m), and ¢ variation of Cp_,; with water depth for four
heights of P. odoratissimus

Results and discussion

Tsunami bending moment of a tree—breaking of P,
odoratissimus

First, the tsunami bending and breaking of P. odoratissimus
are discussed for the conditions Hry=5 m (Hpy, incident
tsunami flow depth in front of vegetation in the case of no
vegetation), tsunami period 7=1200 s, forest width Br=
100 m, Hyee=6 m, b,,;/=0.155 m, h.=2 m, and tree density
~=0.2 trees/m>.

Figure 3 shows the temporal variations of inundation
depth d, mean velocity ¥, tsunami force F', and tsunami
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Fig. 3 Time profiles of inundation depth (d), mean velocity (V),
tsunami force (£*), and bending moment (Mp) at the front of
vegetation

moment Mp in front of the forest by the numerical simula-
tion without considering tree breaking. As observed in
Fig. 3, the temporal maximum of hydraulic properties
appears at different times. In particular, the maximum V
appears early in the tsunami arrival, while the inundation
depth is low, and consequently, the tsunami force and mo-
ment were not maximum. The maximum moment is
6.55 kNm, exceeding the breaking moment of the P. odor-
atissimus (Mpp=5.85 kNm). This indicates that the vegeta-
tion in front would be broken by the present tsunami
conditions. Figure 4 shows spatial distributions of the max-
imum tsunami moment (Mpy.x), representative velocity
(Vypmax), and representative water depth (dyzpmax), Where
the representative velocity and water depth are defined as
values at the temporal maximum of the tsunami moment.
The breaking moment of the P. odoratissimus Mpg is indi-
cated by a dotted line. According to the result, the tsunami
moment is decreased from the front to the back due to the
decrease in water depth inside the vegetation. Therefore, the
vegetation in the front region is more vulnerable to tsunami

Breaking moment (kNm)

7

6 ~——— ...
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Front edge Distance from shore line (m) Rear edge

Fig. 4 Spatial variation of maximum bending moment (Mpp,x), r€p-
resentative water depth (dyzpmax), and velocity (Vizpmax)

damage than the vegetation behind the belt. The calculated
length of forest damage is 57.5 m (57.5%) in this case.

The results shown in Figs. 3 and 4 are based on the
numerical model without considering the effect of tree break-
ing (hereafter N.B.M.). The result might be different if tree
breaking is considered. Therefore, the numerical model for
tree breaking (hereafter B.M.) was developed, and all results
will be discussed based on this model. Figure 5 shows the
variations of Cp_,; against tsunami water depth for standing
and breaking trees. The drag coefficient decreases after break-
ing due to the absence of branches and the trunk effect above
the aerial root height.

In the numerical model, breaking occurs when the
tsunami bending moment of a tree exceeds a threshold
breaking moment. The procedure was done for each time
step during the run-up of a tsunami. After breaking, the
remaining part of the tree is the aerial root, and then the
depth-averaged drag coefficient was considered (Fig. 5).
In the numerical model, the impact of the broken part of
the tree (already destroyed by the tsunami) on surviving
trees was not considered. In fact, trees destroyed by
tsunamis become floating debris and may damage stand-
ing trees, or the trapped trees might increase the resis-
tance to the tsunami flow. In future work, the increases
in bed roughness due to the fallen trees could be con-
sidered simply by increasing the Manning coefficient.

Figure 6(a) and (b) shows a comparison of time profiles of
water depth and velocity in front of and behind the forest for
two models: N.B.M. and B.M. The velocity and water depth
behind the forest are increased slightly after tree breaking
owing to the reduction in drag resistance. However, in front
of the vegetation, the water depth decreases while the velocity
increases due to the reduction of the reflection by vegetation.
In relation to water depth and velocity, the tsunami force and
bending moment of a tree behind the forest are increased
slightly in the breaking model (Fig. 7(a) and (b)).

Tsunami water depth (m)
S~

C D-all

Fig. 5 Variation of Cp_,; before and after tree breaking by tsunami
water depth (H,,..=6 m)
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Fig. 6 Time profiles of water depth and velocity a at front of and b at
behind the coastal forest

Figure 8 shows the spatial distribution of the maximum
tsunami moments along the forest for the two models. Accord-
ing to the result, the length of forest damage by B.M. is about
77.5 m (77.5%), and increased in comparison with N.B.M.
due to the decrease in vegetation resistance in front of the
broken vegetation.

Figure 9 shows the relationship between the reduction
rate of water depth (dmax/dmaxo), tsunami force (F*max/
F *maxo), survival rate for P. odoratissimus (number of bro-
ken trees/total trees), and incident tsunami water depth,
where subscript 0 indicates the case of no forest. The results
show that trees started breaking at Hp=4.8 m. When Hpy
reached 5.5 m, all the trees were broken. The reductions of
water depth and tsunami force were about 25% and 54%,
respectively, and decreased when the incident tsunami water
depth exceeded the initial breaking of water depth (I.B. in
the figure).

As already pointed out, the effects of the broken parts of a
tree are complicated, and are not discussed in detail in the
present paper. Observers in Sri Lanka and Thailand after the
Indian Ocean tsunami in 2004 reported that most broken
tree parts were trapped by the roots of destroyed trees or in
front of other surviving trees (Tanaka et al. 2007). This
trapping may increase the friction in the tsunami run-up.
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Here, as a simple example, a sensitivity analysis of the
Manning’s roughness coefficient to interpret the effect of
the roughness of damaged trees in the reduction of tsunami
force is shown in Fig. 10. It can be seen that, the increase of
Manning coefficient due to the presence of damaged trees
considerably reduced tsunami force, and it will be necessary
to validate the numerical model with experimental and field
data in a future study.
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Fig. 8 Damage length for two numerical models
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Fig. 9 Relationship between incident tsunami water depth (at front of
forest) and reduction rate of water depth (dpax/dmaxo), tsunami force
(Fmax*/Fmaxo*), and survival rate (number of broken trees/total tree) of
P. odoratissimus (note that subscript 0 indicates the case of no
vegetation)

Damage to P. odoratissimus by tsunami with tree growth
stage—validation of numerical results by field measurement
data

The threshold water depths for tree breaking obtained from
field measurement after the 2004 tsunami in Sri Lanka and
Thailand, and after the 2006 Java tsunami in 2006 were used
to validate the numerical model. Breaking of vegetation
depends on the tsunami height and tree height, as shown
in Fig. 11(a), where some shorter trees were broken.
Figure 11(b) shows the observations of tree conditions
(broken or not) against tsunami water depth for different
tree heights. As already discussed by Tanaka et al.
(2009), most of the trees were broken when the tsunami
water depth exceeded 80% of tree height.

To validate the numerical model for the observed thresh-
old values of water depth for tree breaking with tree height,

14 = 1-0.025
--n-0.05
0.8 1 -+ n-0.075

H po (m)

Fig. 10 Relationship between the reduction rate of tsunami force
(F *max/F *maxO) and incident tsunami water depth for different Manning
coefficients generated by a draft tree (note that subscript 0 indicates the
case of no vegetation)
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Fig. 11 a Damage to P. odoratissimus in Java, Indonesia, and b tree
conditions after tsunami

the critical heights of 2, 4, 6, and 8§ m were selected as 0.5, 1,
2, and 2 m respectively, and corresponding the reference
diameters were 0.1, 0.124, 0.155 and 0.195 m, respectively,
based on the field observations. The breaking moment for
tree heights of 2, 4, 6, and 8 m are 10.7, 5.85, 3.25, and
1.85 kNm, respectively (Tanaka et al. 2009). Figure 12(a)
shows the numerical results of the threshold water depth
(including the increase of water surface elevation due to
reflection by the vegetation) for tree breaking at different
tree heights with different forest widths. The line represents
80% of tree height. This is the minimum water depth for tree
breaking (Tanaka et al. 2009). The numerical results were
scattered around the breaking line, and increased with in-
creasing forest width. The increase in the threshold water
depth with the forest width is mainly due to the decrease of
velocity. This can be confirmed in Fig. 12(b), where the
maximum tsunami moment, representative water depth, and
representative velocity with the same an incident tsunami
condition for different forest widths are shown.

The reduction of tsunami energy behind a coastal forest
depends on the height of trees due to the effects of vertical
configuration and tree diameter. Cp,_,;; depends on the height
of trees and vertical configuration. Figure 13 shows the rate
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Fig. 12 a Variation of water depth (threshold of tree breaking) with
tree height. The line represents 80% of tree height, b variation of
maximum tsunami moment (Mpn.x), representative water depth
(dypmax), and velocity (Vypmax) With forest width. (Hpg=5 m, T=
1200 s)

of tsunami force reduction against incident tsunami water
depth, with a coastal forest width of 100 m and tree density
of 0.2 trees/m?, for different tree heights. The initial incident
tsunami water depth for tree breaking for the tree heights of
2,4, 6 and 8 m were of 3.9, 4.2, 4.8, and 5.3 m respectively.
The taller trees reduce tsunami energy more than shorter

14 Htree -2m Htree -4m
0.8 1
=) b oo
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£ 04p—o——=
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0 T T T T T T 1
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Fig. 13 Reduction rate of tsunami force (£ *max/F*maxo) with incident

tsunami water depth (note that subscript 0 indicates the case of no
vegetation)
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Fig. 14 a Young C. equisetifolia in Laem Son National Park,Thailand,
broken by the Indian Ocean tsunami in 2004, b inclination of tree trunk
and definition flow direction and drag coefficient, and ¢ change of Cp_,
of C. equisetifolia against the inclination angle of tree trunks

trees. For each tree height, the reduction rate of tsunami
force increases as the incident tsunami water depth is higher
than the initial breaking of water depth values. However, for
tree heights of 2 and 4 m, the reduction rate of tsunami force
increases suddenly, and become almost constant as the inci-
dent tsunami water depth increases. This is because all trees
can be broken after the threshold values of water depth and
drag resistance contributed by the remaining short aerial
roots become small in comparison with the cases of tree
heights of 6 and 8 m.
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Fig. 15 Reduction rate of tsunami force (F*max/F * naxo) With inclina-
tion angle of trunk on the ground (note that subscript 0 indicates the
case of no vegetation)

Breaking of C. equisetifolia and effect of two layers
of vegetation

In this section, the effect of young C. equisetifolia trees on
tsunami reduction is discussed with consideration of the
bending effect. C. equisetifolia, one of the other dominant
vegetations growing on beaches, was found to be effective
in providing protection from a tsunami due to its density.
Observations in Laem Son National Park in Thailand
(Tanaka et al. 2007) showed that only young C. equisetifolia
trees with a trunk diameter of about 0.07 m were broken
under a 5 m tsunami flow depth (Fig. 14(a)). Most the
uprooted C. equisetifolia were not washed away but
remained in place, lying on the ground. The angle ¢ be-
tween the trunk and ground observed was 15—45° in Laem
Son National Park. The bending of trees as well as the
inclination angle of the trunk play a role in the reduction
of tsunami energy, and therefore the numerical simulation of
the bending of C. equisetifolia will be discussed.

The drag coefficient of a cylinder inclined in the flow
direction may change. The present study used a simple
formula recommended by the Post-Tensioning Institute

1 - byer=0.07m
o M %
=
g 0.6 7374‘9‘—9\5——9\5\5,_9_5_@
< Brop=0.1m /
~ . Bler=0.15m
g 044
T
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3 4 5 6 7 8 9
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Fig. 16 Reduction rate of tsunami force (¥ *max/F*maXO) with incident
tsunami water depth in the front of forest (note that subscript 0
indicates the case of no vegetation)
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Fig. 17 Reduction rate of tsunami force (F' *max/F*max()) with incident
tsunami water depth for two cases; combination of P. odoratissimus
and C. equisetifolia and P. odoratissimus only (note that subscript 0
indicates the case of no vegetation)

PTI (Poulin and Larsen 2007) for the relationship between
the drag coefficient and the inclination angle as:

Cp = Cpo sin® ¢ (15)

where Cp, is the drag coefficient for the case in which the
flow direction is perpendicular to the trunk, corresponding
to Vy in the definition of Fig. 14(b). Therefore, in the
numerical simulation of C. equisetifolia bending, the value
of Cp,.r was estimated based on the angle of inclination of
the tree trunk on the ground (Cp.s=1.0 for ©=90°). The
project width of the vegetation was also changed, and
depended on the inclination angle. Figure 14(c) shows the
analysis data for the depth-averaged drag coefficient of C.
equisetifolia calculated with the average diameter for different
inclination angles. The Cp_,; of C. equisetifolia was smaller
than that of P. odoratissimus, as shown Fig. 2(b), and de-
creased when the angle decreased.

Figure 15 shows the reduction rate of tsunami force
(Funax /F maxo) With the angle of inclination of the tree trunk
for the condition Hry=5 m, B;=100 m, b,,,~0.07 m, and
~=0.2 trees/m?. x=90° means the trunk is not bending. For
the case p=0°, the drag coefficient is assumed to be zero.
Note that all trees are bent by this tsunami condition and
tsunami force was reduced with the increasing angle of
inclination.

For C. equisetifolia, the drag force on a tree depends
mainly on the trunk diameter because o3 does not change
greatly with tree growth. Figure 16 shows the reduction rate
of tsunami force with incident tsunami water depth for three
stages of tree growth corresponding to trunk diameters of
0.07, 0.1, and 0.15 m, where the forest width, tree density,
and inclination angle (if breaking occurs) are kept at 100 m
and 0.2 trees/m” and 30°. According to the result, older trees
(larger trunk diameter) can reduce more tsunami energy than
young. The initial tsunami water depths breaking the trees
with diameters 0f 0.07, 0.1, and 0.15 m are 4.9(5.5), 6.1(7.3),
and 7.8(9.9), respectively. The values in parentheses indicate
the depth of water including the reflection by the vegetation.
According to the result, C. equisetifolia is stronger than P.
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odoratissimus against tsunami action. Trees with diameters of
0.07 and 0.1 m were broken by 5.5 and 7.3 m high tsunamis.
Tanaka et al. (2007) also found the same trunk diameter can be
broken by the tsunami height of 5 m (for 0.07 m trunk
diameter at Laem Son National Park, Thailand) and 10 m
(for 0.1 m diameter trunk at Phra Thong Island, Thailand).
For all cases, the reduction rate of tsunami force was increased
suddenly as the incident tsunami water depth exceeded the
threshold breaking values owing to the reduction in drag
resistance after tree breaking. It can be concluded that with
the same forest conditions (B, ), P. odoratissimus can reduce
a greater tsunami energy than that of C. equisetifolia due to the
complex of aerial roots. Even if breakage occurs, P. odor-
atissimus still has high potential to reduce the tsunami force
because it has dense aerial root structures.

In general, the previous numerical models that do not include
the breaking phenomena may possibly overestimate the effect
of vegetation in reducing tsunami force.

The field measurement data and numerical analyses
above suggest that P. odoratissimus is effective in reducing
tsunami energy, but it is not strong when the tsunami water
depth is greater than 80% of the tree height. On the other
hand, young C. equisetifolia trees (b,,~0.15 m) remain
intact in high tsunamis. In fact, young C.equisetifolia can
grow densely in natural coastal areas. Therefore, the com-
bination of P. odoratissimus and young C. equisetifolia
would be effective for tsunami protection (Tanaka et al.
2007, 2009). Our results also confirmed the above fact in
Fig. 17, where the reduction rate of tsunami force with
incident tsunami water depth for the case of combined
coastal forest (50 m of P. odoratissimus, followed by 50 m
of C. equisetifolia) is shown. In this figure, the tree height
and density of P odoratissimus are 6 m and 0.2 trees/m?,
respectively, and for C. equisetifolia, the trunk diameter is
0.15 m with a high density of 0.44 trees/m>. Both vegetation
conditions were determined based on the respective field
investigations (Tanaka et al. 2007). It is evident from Fig. 17
that the potential tsunami force is reduced remarkably in
comparison with the case of a 100-meter forest of P. odor-
atissimus under a moderate tsunami height (5-8 m). There-
fore, the present study recommends a green belt of
combined P. odoratissimus and C. equisetifolia to protect
coastal areas from tsunamis.

Summary and conclusions

In this study, a numerical model for estimating the tsunami
bending moment on a tree including tree breakage was
developed, and then the extent of damage to vegetation
and reduction of tsunami energy is discussed in relation to
tree growth stages of P. odoratissimus and C. equisetifolia,

@ Springer

which are dominant in tropical countries. This study can be
summarized as follows:

1. In general, the tsunami moment on a tree decreased
from the front to the back due to the decrease in water
depth inside the vegetation. This indicates that the veg-
etation front has a higher probability of being damaged
by the tsunami force than the other locations in the belt.

2. The threshold of water depths for starting tree trunk
breakage is increased with increasing forest width, and
the analysis confirmed the field investigation results that
the critical breaking tsunami water depth is around 80%
of the tree height for P. odoratissimus.

3. A taller (older) tree can reduce greater tsunami energy
behind the vegetation than a shorter (younger) tree, and
for each tree height, the reduction in water depth and
tsunami force decrease when the tsunami water depth
exceeds the critical value for breaking. Previous numer-
ical models that do not include the breaking phenomena
may possibly overestimate the effect of vegetation in
reducing tsunami force.

4. C. equisetifolia is stronger than P. odoratissimus against
tsunami action, but P. odoratissimus can reduce a great-
er tsunami force than C. equisetifolia due to its complex
of aerial root structures. Even if the breakage occurs, P
odoratissimus still has potential to reduce the tsunami
energy because it has dense aerial root structures.

5. The combination of P. odoratissimus followed by dense
C. equisetifolia can effectively reduce the tsunami force
for moderate height tsunamis (5-8 m), and therefore
recommended as a vegetation bioshield to protect coast-
al areas from tsunami hazards.

In the present paper, trees were considered to be distributed
uniformly in a forest. However, tree conditions are not uni-
form in an actual forest. The investigation of the effects of
non-uniform distribution remains unresolved for future
studies.
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Abstract

The history (1951-2016) and the risk of typhoon and storm surge in coastal areas of Vietnam are analyzed
and evaluated based on the observation data, results of statistical and numerical models. The Monte Carlo
method was used to construct a bogus typhoon. A coupled numerical model of Surge, Wave and
Tide (called SUWAT) was used for simulation of storm surge. The results show that in the period of
1951-2016 there were many typhoons which landed and induced high storm surge on the coast of the
North and the North of Center of Vietnam. During one thousand years, there have been 4,678 typhoons
entering the coastal zone from Quang Ninh to Ca Mau. In particular, the most severe typhoon in coastal
area from Quang Ninh to Thanh Hoa is at level 16 (Beaufort scale), Nghe An - Quang Tri at level 16,
Quang Binh - Phu Yen at level 17, Binh Dinh - Ninh Thuan at level 15 and Binh Thuan - Ca Mau at level
13. The coastal areas with highly vulnerable storm surge are provinces from Quang Ninh to Hai Phong
(4.5 m), Thanh Hoa to Nghe An (4.0 m), Quang Tri (5.0 m). The results of this study are the basis for the
preparation to cope with strong/super typhoon in the coast of Vietnam.

Keywords: Typhoon, storm surge, Monte Carlo, SUWAT.
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INTRODUCTIONS

Typhoon is a  dangerous  hydro-
meteorological disaster whose consequences
are coastal inundation, erosion and saltwater
intrusion caused by storm surge in combination
with high tide and wave. Especially in the
context of climate change, it is stated that there
will be many strong/super typhoons which
could influence the mainland of Vietnam. The
world has witnessed several strong typhoons
causing flooding in coastal areas on a large
scale, resulting in human and property damage,
including hurricane Katrina in New Orleans
state (the US) in August 2005, and typhoon
Nargis in Myanmar in May 2008 and especially
the recent typhoon Haiyan with level 17 across
the Philippines in November 2013 causing
severe damage mainly due to storm-surge-
induced inundation. The coastal areas of
Vietnam have also recorded typhoons that
cause strong winds, high waves and high storm
surge such as typhoons Dan (1989), Becky
(1999), Damrey (2005), Xangsane (2006),
Ketsana (2009) (Chien, 2016).

Study on typhoon and storm surge has been
conducted for a long time, mainly focusing on
numerical model for operational forecasting.
The risk assessment of storm surge due to the
impact of climate change currently attract the
interest in some countries such as Japan and
South Korea, which suffer damages from
typhoon and storm surge. Accordingly, storm
surge is calculated by synthetic typhoon data
from the global storm statistics model,
previously verified with historical storm data
[1]. These results provide elementary
information on planning and designing coastal
facilities and mitigations. On the other hand, in
the developed countries such as the United
States, Canada, Australia, the European Union,
Japan, and Taiwan the risk assessment of
natural disasters including typhoon and storm
surge has been studied to develop response
strategies. In the United States, scientists have
used simulation data of 2,000 years of typhoons
from 100 year historical typhoon data as input
to the storm surge model and constructed a
storm surge frequency curve for repeated
cycles from 2 to 100 years [2]. In Vietnam,
Manh et al., (2010) has constructed a set of data
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on tides, storm surge and total water levels
(tidetstorm surge) along the coast from Quang
Ninh to Quang Nam. In particular, the
statistical set of storms is established by the
Monte Carlo method based on the probability
distribution of the typhoon parameters
occurring in the past. In this way, Uu et al.,
(2009) [3] have combined statistical methods
and numerical models to calculate and analyze
extreme storm surge with respect to sea level
rise due to impacts of climate change in the
coastal areas and islands of Vietnam. Most
recently, Chien (2016) [4] calculated the risk of
storm surge from the coastal area from Quang
Binh to Quang Nam based on the bogus
typhoon data for 1,000 years, which is
determined by the Monte Carlo method.

In order to have a scientific basis for the
preparation to deal with strong/super typhoon
affecting Vietnam, the government has recently
asked the hydro-meteorological sector to study
the risk of typhoon and storm surge for each
coastal zone of Vietnam. In this study, typhoon
and storm surge, which occurred during the
period of 1951-2016, as well as the possibility
of super/strong typhoon and storm surge in the
coastal areas of Vietnam were analyzed. In
addition to historical typhoon data for the
period 1951-2016, a set of bogus typhoons in
1,000 years has been constructed using the
Monte Carlo method. A coupled numerical
model of Surge, Wave and Tideis used to
simulate storm surge in historical and bogus
typhoons.

STUDY AREAS AND METHODS
Study areas

The study area is the coastal area from
Quang Ninh to Ca Mau. Due to the change in
geographic location, climate, terrain and tides,
the frequency, duration and intensity of
typhoon and storm surge are various. The
history and risk of typhoon and storm surge are
analyzed for each coastal area of Vietnam.

Research methods

Statistical methods are used to analyze
storm  characteristics in each region.
Meanwhile, the Monte Carlo method is used to
determine the possibility of occurrence of
super/strong typhoon in each area and used as
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input data for storm surge simulation. Based on
the Monte Carlo method, a set of bogus
typhoons for 1,000 years has been constructed.
The theoretical basis of the Monte Carlo
method is based on the probability distribution
of the historical typhoon parameters to build a
set of bogus typhoons for many years [2—4].
The typhoon data in the period from 1951 to
2016 were collected at the National Center for
Hydro-meteorological Forecasting and from the

website of the Japan Meteorological Agency.
Storm surge was calculated by SUWAT model.
The theoretical basis and calibration of the
SuWAT model in the study area was presented
in detail in the works of Kim et al., (2010) [5],
Chien (2016) [4], Thuy et al., (2017) [6]. In this
study, the SUWAT model was designed on
rectangular grids and three domains to simulate
storm surge. Information about the domains
and grids is shown in table 1.

Table 1. Information of computational domains

Area Domain number Computational Domain Grid Size (m) Num. Grid
D1 103—120°E, 6-22°N 226 x 211 7,400 x 7,400
North of Vietnam D2 igz-i(l)g;g, ;gﬁlzf gN 181 x 241 1,850 x 1,850
D3 (for typhoon hitting Hai Phong ) 181> 121 925 %925
D1 103—120°E, 6-22°N 226 x 211 7,400 x 7,400
. D2 106-111°E, 12.0-18.5°N 301 x 361 1,850 x 1,850
Center of Vietnam 107.5-109°E, 15.5-16.5°N
D - g 181 x 121 25 %92
3 (for typhoon hitting Da Nang) 81 925 %925
D1 103—120°E, 6-22°N 226 x 211 7,400 x 7,400
South of Vietnam D2 182;1 11007E,6§g);1;.01(1;170N 301 x 301 1,850 x 1,850
D3 T e 157 x 121 925 x 925

(for typhoon hitting Vung Tau)

For the simulation of storm surge, the wind
and pressure fields were calculated from
empirical typhoon model [7]. According to
previous study [6] tides only have a significant
effect on storm surge when typhoon landfall
occurs during spring tides. Meanwhile, storm
waves caused most significant effects on storm
surge in strong/supper typhoon. As a
consequence, the results of storm surge for all
historical typhoons take into account the effect
of tide, surge and wave. For the case of bogus
typhoons, the effect of tide was not considered
due to unknown landfall time.

HISTORY AND THE RISK OF TYPHOON
AND STORM SURGE IN COASTAL
AREAS FROM QUANG NINH TO CA MAU
History of typhoon and storm surge in
coastal areas from Quang Ninh to Ca Mau
The present status of typhoon and storm
surge is understood as typhoon and storm surge
that have occurred in the area. In order to
assess the present status of typhoon affecting

the coastal areas from Quang Ninh to Ca Mau,
the typhoon data in the period of 1951-2016
were analyzed by location of landfall and
intensity for each area. To assess storm surge in
the area, not only typhoons with eyes across
area but also those with eyes outside the area,
which are likely to cause significant storm
surge in the area are included. Table 2 shows
the number of typhoons affecting areas in the
East Sea and in Vietnam coast during the
period of 1951-2016. Accordingly, the number
of typhoons tends to decrease from North to
South. The coastal areas from Quang Ninh to
Ha Tinh experienced the highest number of
typhoons with 342 times, including two
typhoons at level 13. The area from Quang
Binh to Quang Nam witnessed the highest
number of typhoons at level 12—13. The coastal
provinces from Vung Tau to Ca Mau showed
the least number of typhoons, with only two
typhoons at level 12—13. The distribution of
typhoon by level in the East Sea and in
Vietnam is shown in fig. 1. Statistical analysis
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shows that during the first half of the typhoon
season, the typhoon directions tend to be
Northwest, North and Northeast, and have a
landfall in the Southeast China. In the rest of
the typhoon season, it tends to go to West of
Vietnam. On average, from January to May,
typhoons are less likely to affect Vietnam.
From June to August, typhoons are more likely

to affect the North. From September to
November, typhoons are more likely to affect
the Center and South of Vietnam. In the first
half of the typhoon season, the track of typhoon
is less complicated; however, the track of
typhoon is often more complicated in the
second half of the typhoon season.

(2)

Ve AN

e

(b)

-
-

(c)
Fig. 1. The track of typhoons in the East Sea of Vietnam: (a) Level 811, (b) Level 12—13,
(c) Level 13 and higher

Table 2. The number of typhoons affecting areas of the East Sea
and coastal area of Vietnam in the period of 1951-2016

Areas Level 8-11 Level 12-13 > Level 13
Quang Ninh - Ha Tinh 317 23 2
Quang Binh - Phu Yen 307 55 11
Khanh Hoa - Binh Thuan 94 12 1
Vung Tau - Ca Mau 46 2 0
North East Sea 1,816 339 90
Central East Sea 747 97 41
South East Sea 144 6 0
Total 3,471 534 145
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(e) Binh Thuan - Ca Mau

(b) Nghe An - Quang Binh

(d) Binh Dinh - Ninh Thuan

Fig. 2. Distribution of maximum storm surge in the period of 1951-2016

Due to the lack of storm observation data,
the way using the numerical model with high
reliability is most suitable for assessment of
storm surge in the area. Fig. 2 shows the
distribution of largest storm surge in coastal
areas during 1951-2016, and it is divided into 5
regions: Quang Ninh - Thanh Hoa (a), Nghe An

- Quang Binh (b), Quang Tri - Quang Ngai (c),
Binh Dinh - Ninh Thuan (d), Binh Thuan - Ca
Mau (e). This is the highest storm surge
determined by the numerical model for all
typhoons entering Vietnam’s coast in the
period of 1951-2016. Accordingly, in coastal
areas from Quang Ninh to Thanh Hoa, storm
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with height of 3.0 m has appeared in some
provinces such as Quang Ninh, Hai Phong,
Thai Binh and Nam Dinh. Most of these areas
experienced a storm surge of 2.0 m in height.
Some of the typhoons in the area causing high
storm surge include Frankie (1996), Damrey
(2005) and Kalmaegy (2014). In the coastal
zone from Nghe An to Quang Binh, many
typhoons have caused high storm surge such as
DAN (1989) landing in Ha Tinh, Becky (1990)
landing in Nghe An, Harriet (1971) landing in
Quang Tri. In which, although typhoon Harriet
had a landfall in Quang Tri, it caused a sea
level rise over 2.0 m in some areas in Southern
Quang Binh. The South of this area saw higher
storm surge than in the North, the highest up to
4.0 m. In the coastal zone from Quang Tri to
Quang Ngai, the height of storm surge
decreases from the North to the South with the
decline in frequency and intensity of typhoon in
the area. In the north coast, there are many
strong typhoons hitting the coast causing high
storm surge such as typhoons Harriet (1971),
Cecil (1985), Betty (8/1987), Xangsane
(September 2006), Ketsana (September 2009)
causing a rise of over 2.0 m. In which typhoon
Harriet (7/1971) caused a storm surge over 4 m
in Quang Tri. In coastal areas from Quang Ngai
to Ninh Thuan, storm surge also tends to
decrease in level from North to South. The
storm surge up to 1.0 m is mainly located in the

north of the area. The storm surge in this area is
low due to two reasons: Firstly, this is the area
with few strong typhoons, although in fact a
strong typhoon landed in this area but its
direction is not favorable to cause high storm
surge (typhoon Durian, 2006 moved obliquely
to the shoreline); secondly, its deep sea and
steep bed slope reduce the increase of storm
surge. The coastal area from Binh Thuan to Ca
Mau is very little impacted by typhoon,
however, recent storm surge up to 1.5 m (in
Ghenh Hao) during typhoon Linda (1997) was
recorded. The number of strong typhoons is
small, but this area has shallow water depth,
therefore many places in this area have faced
the surge of 2.0 m.

The risk of typhoon and storm surge form
Quang Ninh to Ca Mau

Based on the probability distribution
functions of the obtained historical typhoon
parameters, a set of bogus typhoons for 1,000
years has been constructed, including 6,213
typhoons, in which 4,678 typhoons hit the coast
of Vietnam from Quang Ninh to Ca Mau. The
average number of typhoons entering the
Quang Ninh - Ha Tinh waters is 2.35 per year;
the waters of Quang Binh - Phu Yen have
experienced 1.48 typhoons/year; and those
from Khanh Hoa to Binh Thuan and from Vung
Tau to Ca Mau are 0.50 and 0.36, respectively.

Table 3. Statistics of typhoons for 1,000 years by Beaufort scale (the number of
typhoon/percentage) in four areas from Quang Ninh to Ca Mau

Beaufort Study Areas
scale Quang Ninh - Ha Tinh ~ Quang Binh - Phu Yen =~ Khanh Hoa - Binh Thuan ~ Vung Tau - Ca Mau
Tropical 663/14.17% 413/8.83% 139/2.97% 105/2.24%
depression
8 483/10.32% 330/ 7.05% 105/ 2.97% 72/1.54%
9 505/10.80% 310/ 7.05% 112/2.39% 78/1.67%
10 196/ 4.19% 122/ 2.61% 38/0.81% 28/0.60%
11 144/ 3.08% 100/ 2.14% 24/ 0.51% 29/0.62%
12 316/ 6.76% 183/3.91% 74/ 1.58% 44/0.94%
13 18/0.38% 10/3.91% 1/0.02% 6/0.13%
14 8/0.17% 770.15% 2/0.04%
15 6/ 0.13% 2/0.04% 2/0.04%
16 1/0.07% 1/0.02%
17 1/0.02%
Total 2340/50.02 1479/31.62 467/10.62 362/7.74%
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Fig. 3. The track of bogus typhoon landfall at: Level 16 of Quang Ninh (a), level 15 of Quang
Binh (b), level 17 of Quang Tri (c), level 15 of Phu Yen - Khanh Hoa (d) and level 12
of Binh Thuan -Vung Tau (e)
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Fig. 4. The distribution of highest storm surge in areas according to the bogus typhoon data:
(a) Quang Ninh - Thanh Hoa, (b) Nghe An - Quang Binh, (c) Quang Tri - Quang Ngai,
(d) Binh Dinh - Ninh Thuan and (e) Binh Thuan - Ca Mau
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The statistical results of the number of
typhoons by Beaufort scale in four areas:
Quang Ninh - Ha Tinh; Quang Binh - Phu Yen;
Khanh Hoa - Binh Thuan and Vung Tau - Ca
Mau are shown in table 3. Accordingly, the
number of tropical cyclones is in parentheses,
while the next one is the corresponding
percentage in each area compared to the whole
coast of Vietnam from Quang Ninh to Ca Mau.
The results showed that in Quang Ninh - Ha
Tinh strongest typhoon at level 16 could occur,
particularly coastal areas from Quang Binh to
Phu Yen could have typhoon at level 17, the
Khanh Hoa - Binh Thuan waters could have
typhoon at level 15, and from Vung Tau to Ca
Mau the strongest typhoon appeared at level
13. Fig. 3 shows the orbits of some strongest
typhoons hitting the areas.

Based on the statistical summation of
typhoons in the 1,000 years, the risk of storm
surge is calculated for all typhoons hitting each
area. Fig. 4 shows the distribution of maximum
storm surge in the coastal areas of Quang Ninh
- Thanh Hoa (a), Nghe An - Quang Binh (b),
Quang Tri - Quang Ngai (¢), Binh Dinh - Ninh
Thuan (d) and Binh Thuan - Ca Mau (e). The
results show that for each coastal area, the
storm surge does not follow a common trend
from North to South. The maximum storm
surge depends not only on typhoon parameters
(intensity and direction), but also on the terrain
(water depth, slope and shape of the coast line).
The areas with shallow water and gentle slope
often have higher storm surge. The whole
coastal zone from Quang Ninh - Thanh Hoa is
at the risk of surge over 3.0 m. Due to the high
number of strong typhoons concentrated in
Quang Ninh, Hai Phong and Thanh Hoa, these
areas are at higher risk of storm surge. The
highest storm surge may occur in Quang Ninh
and Hai Phong at 4.5 m, and in Thanh Hoa at
4.0 m. The coastal area of Nghe An, North of
Ha Tinh and Quang Binh have faced storm
surge at 4.0 m. In the coastal zone from Quang
Tri to Quang Ngai the areas with high storm
surge are Quang Tri, Hue and Da Nang bay. In
the southern part of Da Nang, Quang Nam and
Quang Ngai, the storm surge is smaller. The
storm surge in Quang Tri reaches the highest
level at 5.0 m. In the coastal zone from Binh

Dinh - Ninh Thuan, although present typhoon
at level 15 hit Khanh Hoa, storm surge is not
high (above 2.0 m) because this is deep water
area. In the coastal area of Southern Vietnam
(Binh Thuan - Ca Mau), except for Ca Mau, the
other areas are at risk of storm surge up to
2.0 m. In which, the risk of highest surge up to
2.5 m is concentrated in the coastal areas of
Vung Tau, Tien Giang and Bac Lieu.

The assessment of current status and risk of
typhoon and storm surge in Vietnam’s coastal
zone will serve as basis for the preparation to
cope with typhoon and storm surge in Vietnam.

CONCLUSIONS

In this study, the history and risk of
typhoon and storm surge in coastal areas from
Quang Ninh to Ca Mau were analyzed based on
observation data, statistical and numerical
modeling results. In addition to the typhoon
data in the period of 1951-2016, a set of bogus
typhoons for 1,000 years has been constructed
by using the Monte Carlo method to obtain
enough data to assess the risk of typhoon and
storm surge. The results can be summarized as
follows:

The number of typhoon tends to decrease
from North to South. In the period 1951-2016,
the coastal area from Quang Ninh - Ha Tinh
experienced the highest number with 342
typhoons, including two strongest typhoon of
level 13. The area of Quang Binh - Quang Nam
has recorded the strongest typhoons, at level
12-13. The coastal area from Vung Tau - Ca
Mau had the least number of typhoons, with
strongest ones at level 12-13. The coastal
provinces from Quang Ninh to Thanh Hoa
experienced storm surge up to 3.0 m. In the
South area of Nghe An - Quang Binh and the
North of Quang Tri to Quang Ngai, storm surge
can reach over 4.0 m. Binh Thuan - Ca Mau
also recorded storm surge up to 1.5 m.

In the 1,000 years there were 6,213
typhoons, in which 4,678 typhoons hit the
coastal region from Quang Ninh to Ca Mau, in
particular Quang Ninh - Thanh Hoa at level 16,
Nghe An - Quang Tri at level 16, Quang Binh -
Phu Yen at level 17, Binh Dinh - Ninh Thuan at
level 15 and Binh Thuan - Ca Mau at level 13.
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The risk of storm surge in the 1,000 year
period shows that the trend of storm surge is
not quite geographical and the areas with high
storm surge are Quang Ninh - Hai Phong
(4.5 m), Thanh Hoa - Nghe An (4.0 m), Quang
Tri (5.0 m). The coastal area of southern part is
also at risk of storm surge up to 2.5 m.
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BUOC PAU NGHIEN CUU NUOGC DANG DO HIEU UNG
BOM EKMAN TAI VEN BIEN MIEN TRUNG

Nguyén Ba Thity!, Nguyén Kim Cwong?

Tém tit: Nghién citu nay dp dung mé hinh ROMS 3D vao mé phong hién twong muc nwée bién
ddng cao bdt thuong trong dot triéu cwong thang 12 nam 2016 tai Tuy Hoa-Phii Yén nham xdc dinh
nuwoc dang gay boi hiéu ung bom Ekman tai khu viee. Cac truong khi twong dwoc thu thap tie co so
dit liéu tdi phén tich ciia CFSR. Két qua cho thay, dién bién nwdc ddng do hiéu itng bom Ekman kha

twong dong véi nuéce dang quan trdc nhung thién thap. Truong gié Péng Bac manh, kéo dai gdy hé
thong dong chay c6 van toc lom doc ven bo mién Trung tao hiéu g bom Ekman day miec nwée dang

cao tai Tuy Hoa-Phu Yén.

Tw khoa: Nudc ding di thuong, bom Ekman, Tuy Hoa.

Ban Bién tép nhan bai: 12/03/2019  Ngay phan bién xong: : 26/05/2019 Ngay dang bai:

1. Mé dau

Nghién ctru vé nuée dang do bao, ap thap
nhiét déi da duoc tién hanh tir rat 1au do béi thiét
hai gay boi nude dang trong bao rat I6n. Chinh
vi vy, nhiéu cong nghé du bao nuéc dang do
bao da dugc xay dung dé phuc vu du bao, canh
bao. Qua d6, nhiéu mo hinh thwong mai
(Delft3D, Mike2D, SMS...) ciing nhu ma ngudn
mo& (ROMS, POM....) dugc tng dung dé phuc
vu du bdo, canh bdo. Ngoai hién tugng nudc
dang do bdo va ap thip nhiét ddi, tai nhiéu khu
vuc trén thé gidi khi gié co van tdc 1on, thodi theo
hudng 6n dinh va kéo dai ciing gdy nudc dang
dang keé tai ving ven bo. Chinh vi vay, nudc
dang do gi6 mua gan day da duogc tap chung
nghién clru va xay dung cong ngh¢ du bao, nhét
la tai nhitng khu vuc ¢6 dia hinh trén bo trliing va
bién do thuy triu 16n, chi can xuat hién nudc
dang c& vai chyc centimet vao ky tridu cuong co
thé gay ngap trén dién rong. Nude dang giy boi
gi6 dugc tao bdi theo 3 co ché: Tac dong truc
tiép tor ing sut gid trén bé mit bién; tac dong

"Trung tam Dy bdo khi twong thiiy vin quéc gia
’Truong Dai hoc Khoa hoc Tw nhién - Pai hoc
Quéc gia Ha Nji

Email: thuybanguyen@gmail.com
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gian tiép qua tng suat séng; va hiéu ung bom
Ekman day muc nuéc ven bo dang cao do dong
chay doc bo. Tuy nhién, tur s6 lidu quan tric thuc
té, viéc xac dinh muc do dong goép cua nudc
dang do hiéu tmg nao gay nén 1a rat kho.Ching
ta chi co thé xac dinh nudc dang giy boi cac
hiéu tng riéng 1& thong qua két qua mo phong
bang mé hinh s tri. Nudc dang do tac dong truc
tiép tir ing suat gi6 thuong 16n trong trudng hop
gi6 manh trong bao, ap thip nhiét d6i, co ché
gdy nudc dang nay da dugc nghién ctru nhiéu.
Hi¢n tuong muc nudc dang cao do hi¢u ung
bom Ekman xuét hién tai nhiing khu vuc bo bién
c6 van tdc dong chay doc bo longdy boi gio
manh tho6i theo hudng on dinh trong thoi gian
dai. Bom Ekman c6 thé 1a hiéutmg nudc dang
hodc rat tuy theo hudng hdi tu hay phan ky cua
hoan luu dong chay. Hién tugng nudc dang do
hi¢u tng bom Ekman ciing da dugc nghién cuu
trong bdo, ap thap nhiét doi va gié mua nhu
trong cac nghién ctru cua Kim vannk (2014) [6],
Bertin va nnk (2015) [3]. Ngay trong khu vuc
Bién Pong ciing dd c6 mot s6 nghién ciru dé cap
té1 nudc dang do hi¢u rng bom Ekman tai ven
bd mién Trung [4, 7]. Nghién cttu ciia Centurion
va nnk (2009) dua theo s6 liéu quan tric dong
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chay tai tang 20 m va md hinh cho thiy dong
Ekman trong mua dong tai ven bd mién Trung
tuong gy nén di thuong myuc nude rat dang ké,
khoang 20-30 cm [4]. Nhém tac gia Shaw va
nnk (1998) khi phan tich s6 liéu muc nudc tir vé
tinh Topex/Poseidon trong thoi gian tir 1992-
1995 dua ra két luan r’fmg di thuong myuc nudce la
duong khoang 0,18-0,2 m ddi v&i ven bd bién
Viét Nam tir Pha Yén trd xudng. Nhom tac gia
cling dua ra Iy giai nguyén nhan do hé thong
dong chay manh doc bo trong mua Pong tai khu
vuc [7].

S6 liéu quan tric nhiéu myc nudc nhidu nim
tai tram thuy van Pha Lam (cach ctra bién Tuy
Hoa 2 km) va s liéu tai tram nghiém triéu dit tai
ctra bién Tuy Hoa-Pha Yén thang 12 ndm 2016
da cho thay co hién tuong nudc dang cao bat
thuong trén nén thuy triéu trong cac dot triéu
cuong tai khu vuc [1]. Theo nghién ctu cua
Nguyén Ba Thiuy va Tran Quang Tién nim
2017, cac dot triéu cudng cao tai Tuy Hoa-Pht
Yén thuong gian voi hinh thé thoi tiét két hop
giita gi6 miia Pong Bic manh & ven bién Trung
Bo va ving thip ngoai khoi gitra va nam Bién
Pong c6 hudng di chuyén vao ven bién Viét
Nam [2].

Pé xem xét nguyén nhan gy muc nudc di
thuong tai khu vuce ngoai tac dong cua Gmg sut
gi6 va ng suat song thi vai tro cia hiéu ung
Ekman do dong chay ven bo tac dong téi nudc
dang ra sao, mo hinh ROMS 3D duogc 4ap dung
dé mo phong nuée dang trong dot tridu cudng
thang 12 nam 2016 tai Tuy Hoa-Pha Yén. Két
qua cua nghién ciru s& gdp phan lam sang to
nguyén nhan gay nudc dang di thuong tai khu
vue.

2. Phwong phap nghién ciru

Nghién ctru nay str dung mé hinh ROMS 3D

BAI BAO KHOA HQC

dé mo6 phong hién twong muc nudc dang di
thuong trong dot triéu cudng thang 12 nam 2016
nham muc dich xac dinh nuéc dang do hiéu ing
Ekman tai khu vuc. ROMS 1la m6 hinh dai
duong quy mé khu vuc duoc phat trién boi dai
hoc California va dai hoc Rutgers (Hoa KY)
[11]. L4 m6 hinh mi ngudn md nén ROMS
mang tinh cong déng cao, dwgc nhiéu nha
nghién ctru st dung voi qui moé khong gian va
thoi gian khac nhau: Tu dai ven bo toi cac dai
duong thé gidi; md phong cho vai ngdy, vai
thang va t&1 hang chuc nam. M6 hinh ROMS
dugc xdy dung trén co s cac nghién ciru sd tri
bac cao m&i nhat ciing véi ki thuat tién tién cho
phép trién khai mot cach c6 hiéu qua céc tinh
toan c6 do phan giai cao. M6 hinh giai cac
phuong trinh thuy tinh cho thity vure c6 bé mit tu
do véi dia hinh day phutc tap trén hé ludi cong
truc giao theo phuong ngang va thich rng dia
hinh theo phuong thang dimg. Vi bai todn mo
phéng nude dang do hi¢u rng bom Ekman ven
bo, mo hinh ROMS phién ban 3D duogc lya
chon. Chi tiét vé mo hinh ROMS ¢6 thé dugce
tham khao tai [11]. Mién tinh cho cho mé hinh
ROMS 3D tir 1-23°N va 99-121°E (Hinh 1), véi
dd phan giai khong gian 5 km va 30 16p (theo do
sau). Voi mién tinh nhu trén, tong sé diém nut
ludi 1a 421 x 448 x 30 diém. Tai cac bién 10ng,
cac két qua tir hé thong mé hinh HYCOM voi
do phan giai 1/12° dugc thu thap va dua vao mo
hinh nhu diéu kién bién va diéu kién ban dau [8].
Céc hang s diéu hoa thay triéu nhan tir hé thong
OTPS cua truong PH Oregon, My [9]. Cac
truong khi tugng nhu gid, khi ap, bic xa ....
dugc thu thdp tor co s¢ dir liu tai phan tich
CFSR (Climate Forecast System Reanalysis)
[10].
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Hinh 1. Phén bé do sdu cia mién tinh todn ciia mé hinh ROMS 3D

3. Két qua md phéng

Nghién cuu su dung sb liéu quan tric muc
nudc tai tram nghiém triéu dat tai ctra bién Tuy
Hoa thang 12 ndm 2016 dé so sanh voi két qua
moé phong [1]. Cac két qua mo phong dé phan
tich va kiém chtng bao gdm muc nuéc tong
cong, thuy tridu va dong chay theo cic tang trong
thang 12 nam 2016. Trén hinh 2 1a phan b
truong gi6 va khi ap cua dir liéu CFSR trong dot
nude tridu cudng nay.Veé co ban ngudn sb liu
khi twong nay kha tuong dong vai sd lidu tai
phan tich cia Co quan Khi twong han vira Chau
Au thé hién hinh thé thoi tiét trong thoi gian nay
bi chi phdi boi gié mua Péng Bic manh 1an sau
xuéng Nam Trung B9, bén canh d6 ngoai khoi
Nam Bién Dong hinh thanh khdi ap thap di
chuyén cham vao ven bo Nam Trung Bo va Nam
B9, sau do tan do anh huong cua khong khi lanh.

So sanh két qua tinh toan va quan trac muc
nude tong cong (bao gdm ca thuy triéu va dao
dong dang/rat do gid) trén hinh 3 cho thay c6 su
turong dong vé pha va do 16n ciia muc nude mod
phong va quan trac. Hai chudi s lidu ¢6 hé s6
twong quan tuong ddi cao (80%). Trong nira dau
cua thang 12 nam 2016, mdé hinh mé phong
tuong dbi tot dao dong muc nude. Tuy nhién, tir
tuan thtr 3 clia thang 12, mo hinh d¢a mo phong
tuong dbi tét cac dinh triéu nhung mo phong
chua thue su tdt tai cac thoi diém muc nude théip.
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bay cling chinh Ia thoi gian xay ra hién tuong
nu6e dang di thuong tai khu vuc nay. Dé danh
gia dinh luong nudc dang, phuong an chi tinh
thily tridu dugc thuc hién va nude dang duoc xac
dinh sau khi loai bo thiy triéu tir myc nudc tong
hop. So sanh nudc dang tinh tir mo6 hinh véi quan
tric tai Tuy Hoa duoc thé hién trén hinh 4. Két
qua cho thay, mic du dinh nude dang con thién
thap nhung mo hinh ROMS 3D ciing da phan
anh duoc xu thé nudc dang, v6i dinh vao dém
ngay 14/12 12 0.18m (thyc té 0,59 m) va dém
ngay 16/12 14 0,31 m (thyc té 0,61 m). Véi mod
hinh ROMS 3D, anh huong cua soéng khong
dugc xét t6i nén nudce dang tinh toan chu yéu do
tac dong tryuc tiép ctia tmg suét gio 1én mat bién
va gian tiép qua hiéu tmg bom Ekmam. Trén
hinh 5 va 6 1a truong muc nudc va dong chay tai
cac tang 0 m, 50 m va 100 m & thoi diém trude
khi xuat hién nudc dang cao nhat vao dém ngay
14/12 va 16/12. C6 thé thay rang, gié mua Dong
Bic di tao nén hé théng dong chay manh doc
ven bd mién Trung tai ca 3 tang voi véan tde t6i
1 m/s, khi téi Tuy Hoa, diém cuc Pong nhat ciia
Viét Nam, dong chay hudng ra ngoai bién, va
ngay sau d6 chuyén hudng vao bo ddy muyc nudce
tai day dang cao. Co ché nay ciing co thé 1y giai
tai sao thong tin vé triéu cuong cao xuat hién chu
yéu & khu vuc quanh Tuy Hoa-Pha Yén va thinh
thoang xuét hién tai mot s6 khu vuc & phia Nam
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Tuy Hoa.Két qua md phong trudng dong chay  thap, nhu minh hoa trén hinh 7vao ngay 8 va 9
bang mo hinh ROMS 3D ciing cho thay hién  thang 12
tugng naykhong it say ratai thoi diém thiy tridu
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(a) 18 gio ngay 20/12/2014 (b) 18 gid ngay 21/12/2014
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(d) 18 gid ngdy 23/12/2014

(e) 18 gid ngdy 24/12/2014 (f) 18 gid ngay 25/12/2014

Hinh 2. Treong gié va khi dp tir ¢ so dit liéu CFSR trong dot triéu cwong thang 12 nam 2016
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Hinh 3. So sanh bién thién mirc nudce tinh todn va quan trdc trong dot triéu cwong thang 12 nam
2016 tai tram quan trdc bé sung Tuy Hoa
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Hinh 4. So sanh bién thién nudc ding tinh todn va quan trdc trong dot triéu cuong thang 12 nam
2016 tai tram quan trdc bé sung Tuy Hoa
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Hinh 5. Truong myc nuoc va dong chay tai
tang Om (a), 50m (b) va 100m (c) tai thoi diém
trieée khi xudt hién neée dang I6n nhdt ngay
14/12/2016

Hinh 6. Truong myc nuwoc va dong chay tai
tang Om (a), 50m (b) va 100m (c) tai thoi diém
trieGe khi xudt hién mede dang I6n nhdt ngay

16/12/2016
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4. Két luin

Trén day la mot s6 két qua ban dau vé nghién
ciru hién tugng nudc dang do hi¢u ting bom
Ekman tai khu vuc b?mg mo6 hinh ROMS
3D.Trong do, cac truong khi tugng dugc thu
thap tir co so dif lidu tai phan tich cia CFSR. Két
qua cho thiy c6 sy tuong dong vé xu thé giira
nude dang tinh toan va quan tric, nhung vé bién
d6 con thién thap so véi thuc té. Truong gid
bong Bic v6i van tde 16n, thoi gian thdi 1au tao
nén dong chay huéng Bic-Nam doc ven bo mién
Trung gy hiéu tng bom Ekman ddy muyc nudc

D-Do-28 120000

1 s : e 4 &

L

(b)
Hinh 7. Truong muc nwée va dong chay tai tang mat ngay 8/12/2016 (a) va 9/12/2016 (b)

dang cao.

Dé c6 thé mo phong day du dinh luong hién
tuong nude dang di thuong tai khu vue, can thiét
phai xét téi cac hi¢u ung khac nhu tac dong cua
g suét song. Ngoai ra, d6i voi nudc dang cao
cuc b tai ving ven bo, can thiét phai xay dung
ludi tinh ctia ca mo hinh khi tugng va hai duong
v6i do phan giai cao hon, day cling 1a ndi dung
nghién ctiru dugc thyc hién trong thoi gian téi.
Két qua cta nghién ctru gép phan lam sang to
nguyén nhan gay nudc dang di thuong tai khu
vuc.

Léi cam on: Nghién ciru ndy dwoc tai tro boi Quy Phdt trién khoa hoc va cong nghé Quéc gia
(NAFOSTED) trong dé tai ma so 105.06-2017.07). Tac gia xin chdn thanh cam on.
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INITIAL STEP STUDY THE EKMAN PUMPING INDUCED
ABNORMAL SURGE ON THE CENTRAL COAST OF VIETNAM

Nguyen Ba Thuy', Nguyen Kim Cuong’
"National Hydrometeorolocical Forecasting Center
2VNU University of Science

Abstract: In this study, the abnormal surge during the spring tide phases at Tuy Hoa-Phu Yen in
December 2016 was simulated by ROMS 3D model in order to investigate the surge induced by
Ekman Pumping. The meteorology fields was obtaind from CFSR re-analysis database. The results
indicate that the model simulated well the tendency of surge althought it underestimated. Strong and
prolonged Northeast wind causes the longshore currents to create Ekman pump effect to push up the
water level in the area.

Keywords: Abnormal surge, spring tide, Ekman pumping.
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Effect of Tides and Storm Surges on Storm Waves
at the Northern Coastal Areas of Vietnam

Nguyen Ba Thuy”
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Abstract: In this study, the effect of tides and storm surges on storm waves at the Northern coastal
area of Vietnam is investigated by a coupled model of surge wave and tide (called: SUWAT). In
particular, tide and storm surge are simulated by two-dimensional long wave equations taking into
account the wave radiation stress, obtained from the SWAN model. The numerical was then applied
to simulate storm waves and surges for typhoon Frankie (7/1996), Washi (7/2005) and Doksuri
(9/2017). In the case of the super typhoon, the intensity of typhoon Washi is increased to level 16
(super typhoon level) but remains the same trajectory and operating time. The numerical results
showed relatively well with observation data on storm surge and wave height. In general, the wave
height is higher in the region near the coast and lower at offshore when considering the effect of tide
and storm surge on storm wave. It also indicated that the effect of storm surge on storm wave is
more significant than the tide. The results of the study are the basis for proposing to improve the
wave forecasting technology in the study area.

Keywords: Storm wave, tides, storm surge, super typhoon.
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Anh hudng cua thuy tri€u va nudc dang to1 song trong bao
tal ven bién Bac Bo

Nguyén B4 Thuy”

Trung tam Dy bdo khi tiwgng thity vin quoc gia
Tong cuc Khi twong thiy van, S6 8, Phdo dai Lang, Pong Pa, Ha Nji

Nhén ngay 07 théng 5 ndam 2019
Chinh stra ngay 03 thang 6 ndm 2019; Chap nhén dang ngay 16 thang 6 nam 2019

Tém tit: Trong nghién ctru ndy, anh hudng cua thiy tridu va nude dang do bio tdi séng trong bio
tai ven bién Bic B dugc phan tich theo két qua mé phong bang mé hinh sb tri tich hop SUWAT
(Surge, Wave and Tide) trong mot sé con bio manh va siéu bio. Trong d6, thity tridu va nuée dang
do bio duoc tinh dya trén hé phuong trinh nuée ndng phi tuyén hai chiéu c6 xét dén nuée dang do
ung suit burc xa song nhan dugce tr mé hinh SWAN, mdt mo hinh thanh phén trong SUWAT. M6
hinh dugc ap dung tinh séong va nudc dang do bdo cho bdo Frankie (7/1996), Washi (7/2005) va
Doksuri (9/2017). Véi truong hop siéu bio gia dinh, cudng d6 bao Washi duoc ting t6i cp 16 (cip
siéu bio) nhung van giir nguyén quy dao va thoi gian hoat dong. Két qua cho thdy mo hinh md
phong tuong dbi t6t dién bién, ciing nhu d¢ cao 16n nhit ciia nude dang va song trong bao. Vi song
trong bio, nhin chung phuong an ¢ xét téi thuy triéu va nude dang do bdo cho do cao séng cao hon
tai khu vuc ven bd nhung thip hon & ngoai khoi so v&i phuong 4n khong xét t6i thuy tridu va nuéce
dang, nhit 1a trong trudng hop siéu bdo. Két qua phan tich ciing cho thiy, anh hudng cua nudce dang
t61 song trong bio 1a dang ké hon so véi thuy tridu. Két qua ciia nghién ctru 13 co s¢ dé dé xudt cai
tién cong nghé du bao séng trong bio tai khu vyre nghién ctru.

Tir khéa:Séng trong bao, thity tridu, nuée dang do béo, siéu bio.

1. Mé dau

Song bién 13 yéu té hai van duoc quan tim
bac nhit ddi cac hoat dong va luu thong trén
bién, viing ven bd. Chinh vi vy cac ban tin canh
bao, du bao song ludn duge quan tam khong chi
trong nhitng ngay co6 thoi tiét nguy hiém trén

*Tac gia lién hé.
Dia chi email:thuybanguyen @gmail.com
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bién (bdo, 4p thap nhiét d6i, gio mua manh...) ma
hang ngay dé 1ap ké hoach cho cac hoat dong trén
bién. Hau hét cac vu ddm tau, thuyén trén bién
va sat 16 ving ven bo bién chu yéu do séng 16n
trong bio gdy nén. Trén thé gidi, lich sir di
ching kién nhiéu con bio giy gié manh, song
16n va nudc dang cao lam ngdp vung ven bo trén
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dién rong gay nhiéu thiét hai vé nguoi va clia nhur
bdo Katrina d6 bo vao bang New Orleans, My
thang 8 nam 2005, bao Nargis do bo vao
Myanma thang 5 niam 2008 va dic biét gan day
sidu bdo Haiyan thang 11/2013 v&i cap 17 tan
pha khu vyc rdng 16n phia Nam Phillipin [1]. Tai
Viét Nam, ngay trong ndm 2017 da c6 nhiéu thiét
hai vé nguoi va cta do séng 16n trong bio gay ra
nhu: Bio Talas thang 7/2017 d6 bo vao Nghé An
gdy song cao toi 6 mét 1am dim tau tré hang c&
16n tai dao Hon Ngu, 4 thuyén vién chét va mat
tich; Bao Duksuri (9/2017) d6 b vao ky triéu
cuong & ven bién Béc Bg, mic du tdm bio &
ving bién Nghé An-Ha Tinh nhung da gay song
16n va nude bién dang 1am tran ngap nhiéu tuyén
dé bién trai dai tir Hai Phong dén Ha Tinh; Bio
Damrey d0 bd vao Khanh Hoa-Ninh Thuéan
thang 11/2017 gay thiét hai ky luc trén bién véi
11 nguoi chét va mat tich, hon 2000 tau ca bi
song danh vo, 6 tau cho hang cd 16n neo dau tai
cang Quy Nhon, noi rat xa tim bio bi song danh
chim. Chinh vi vay tang cuong d¢ chinh x4c cua
cac mé hinh dy bao song trong bido s& rat co y
nghia trong khoa hoc va thuc tién. Cho t&i hién
tai, cic mo hinh dy bdo song truyén thong
thuong khong xem xét anh hudng cia thuy triéu
va nudc dang do bao téi song (thi du md hinh
WAM, SWAN, WAVEWATCH), c6 nghia la
song bién dugc tinh trén nén myc nudc bién
trung binh [2]. Mot s6 nghién ctru gan day cho
thdy, tai nhitng khu vurc c6 bién do thuy tridu 16,
két qua tinh song co sy khac biét trong truong
hop stt dung mo hinh ¢6 va khong xét toi anh
hudng cua thuy triéu va nuée dang do bio, nhat
la tai khu vuc ven bo noi ma d¢ sau c6 sy thay
d6i rat dang ké khi bao d6 bo vao luc thiy tricu
1én cao hodc xudng thip [3-5]. Nghién ciru cua
nhom tac gia Kim va NNK (2010) ciing chi ra
réng, v6i nhiing con bao manh, si€u bao thi sy
khéc biét ciia két qua tinh song giira 2 phuong an
c6 va khong xét t6i anh huong cua thuy tridu va
nude dang bao 1a rat dang ké boi twong tac manh
gitra song va dong chay trong bao [4]. Khu vuc
ven bién Béc B 14 noi ¢ tan sudt bio anh hudng
cao nhét trong dai ven bién Viét Nam, ddy ciing
la noi c6 bién do thuy triéu 1on [6]. Truong do
sau ven bién s& co nhiéu khac biét tai nhitng pha

thuy triéu cao va thap, nhat 1a khi c6 bdo d6 bo
gdy nudc dang 1on. Ngoai su thay ddi vé muc
nude, dong triéu két hop v6i dong chay do gio
manh trong bdo c6 thé anh hudng 16n t6i phan
b truong song trong bdo. Do vay, trong nghién
clru nay, anh hudng cua thuy triéu va nude dang
do bio tdi song trong bio tai khu vuc ven bién
Bic Bo duoc phan tich theo két qua mo phong
song trong mot s6 con bdo dd bd vao khu vuec.
M5 hinh s6 tri tich hop song, thay triéu va nudc
dang do bio (m6 hinh SUWAT) dugc ap dung dé
tinh toan trudng song trong bao theo cac phuong
an, c6 va khong xét toi anh hudng cia thuy tridu
va nuéc dang do bio. Ket qua cia nghién ctlru sé
¢ ¥ nghia trong dé xuit cong nghé va phuong
an dy bao song trong khu vuc nghién curu.

2. S6 liéu va phwong phap nghién ciru
2.1. 86 liéu

Pé danh gia anh hudng cua thuy tridu va
nude dang téi song trong bio, bao Franike d6 bo
vao Hai Phong-Thai Binh thiang 7/1986, bao
Washi d6 bo vao Hai Phong thang 7/2005 va bio
Doksuri d6 bd vao Nghé An-Ha Tinh thang
9/2017 dugce lya chon dé md phong. Ngoai cac
tham sb bdo (quy dao, khi ap tam béo, ban kinh
gi6 manh....), s liéu myc nudc va song quan tric
tai tram Hon DAu va Hon Ngu dugc thu thap dé
phan tich va kiém dinh mé hinh.

2.2. M6 hinh SuWAT

SuWAT 1a mé hinh s tri tich hop ¢ thé
tinh riéng r& hodc két hop ca thuy tridu, song bién
va nudc dang do bdo. Mo hinh nay dugc xay
dung tai dai hoc Kyoto - Nhat Ban [4], bao gf”)m
2 mo hinh thanh phan 1 mé hinh thay triéu va
nudc dang do bao dua trén hé phuong trinh nudc
nong 2 chiéu cé tinh dén nuéc dang do tng suat
séng va md hinh séng SWAN [7]. Hé phuong
trinh co ban ctia mé hinh nuée ndng 2 chiéu duoc
mo ta nhu sau:
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Voi: 1 : muc nudc bé mat; M, N: thong
lugng trung binh theo d6 sau, theo hudng x va y;
f: tham so Coriolis; P: &p suat khi quyén; d: d6
sau tong cong d =11 +h, voi h 1a do sdu muc nude
tinh; A, : hé s6 khuéch tan réi theo phuong
ngang; O, : matd) nudc; 7, , 7, : Ung suit ma
sat day va bé mat; F., F :lng sut burc xa song
(thanh phan giy nudc dang do song), dugc tinh
tir m6 hinh SWAN theo cac cong thic dudi day:
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Céc tham sb tai cac cong thic (5)-(7) duge
dinh nghia trong co so 1y thuyét ctia mo hinh
SWAN. Trong truong hop khong xét téi anh
hudng cua thiy tridu va nudc dang, SUWAT chi
st dung m6 hinh SWAN thong thuong. M6 hinh
SuWAT dugc thiét 1ap tinh toan trén ludi 1ong
nhiéu 16p véi cau tric minh hoa nhu trén Hinh 1.
Co s6 1y thuyét va thuat toan giai cia mo hinh
SuWAT dugc trinh bay chi tiét trong cc cong
trinh [8-10 ].

Trong nghién ctru nay, truong gi6 va khi ap
lam dau vao cho mo hinh SUWAT nhén dugc tur
md hinh bao giai tich cua Fujita (1952) [11], voi
céc tham sb bao duge léy tir s liéu best track.

-]

| M6 hinh tich hop thuy triéu - song - nuéc ding (SuUWAT)

Mién 1 Mién 2 Mién N
i
| Modul bio E:} Modul bio E> E> — Modul bao
G v Gud v Gio va
p sudt = dp suit X digy it
Pilu ra Biiu ra
i ]
|| Modul mwoc ding || M7 275 | || ™ Modul mrér ding }_,J il | | INgE ===
l thary trigu .T doug ehdy (T | thuy triéu | dbng chay v | thiry trifu 1.
Mue oo | HE 58 kéo Mue mrde | Hé 56 kéo Mue nwoe | He 56 kéo
va VA g suat va Vil (g sudt | va A g suat
dong chay phan xa dong chay phitxa | dong chay phat xa
l Piiu ra i Biu ra s .
=+ Modul song [ Phéssaz ||=®  Modul song |F Phé séng *  Modul song
& =

Hinh 1. Ciu tric lué6i 1dng ciia md hinh SUWAT.



106 N.B. Thuy/ VNU Journal of Science: Earth and Environmental Sciences, Vol. 35, No. 2 (2019) 102-113

3. Két qua nghién ciru

3.1. Kiém dinh mé hinh SuWAT trong tinh nwéc
ddng va song trong bdo

Mo hinh SUWAT da duoc kiém ching véi
thuy triéu tai khu vuc trong nghién ctru [8]. Do
vdy, nghién ciru nay chi dé cap t6i kiém ching
mo hinh cho séng va nudc dang do bao tai khu
vyc. Dé kiém dinh mo hinh SuWAT trong tinh
song va nudc dang do béo, hai con bdo manh gay
nudc dang va song 16n tai khu vuc duge lua
chon, d6 13 bio Franike (7/1996) d6 bo vao Hai
Phong-Thai Binh va bio Doksuri (9/2017) d6 bo
vao Nghé An-Ha Tinh. Quy dao di chuyén cua
béo Frankie va Doksuri thé hién trén Hinh 2. Bio
Frankie d6 bo vao ven bién Hai Phong-Thdi Binh
ngdy 25/7/1998 vao ky tridu kiét, cuong do bio
d6 bd cép 10-11 gay nudc dang toi 1,2m tai tram
Hon DAu. Trong khi d6 bao Doksuri voi cip gid
10-11 khi d6 b, mic du tdm bio & ven bién
Nghé An - Ha Tinh, nhung do vao ky triéu cudng
v6i nu6e dang do béo cao trén 1 meét kém theo
song 16n da gdy tran va sat 16 nhiéu tuyén dé bién
sudt tir Ha Tinh dén Hai Phong. Trén Hinh 3 1a

(a) Tai Clra Lo-Nghé An

hinh anh vé ngap lut do nudc dang va séng 1on
trong bao Doksuri gdy nén tai ven bién Ngh¢ An
va Nam Dinh.

21"

20

1w

2 Doksurl (3/2017)

105" 106" o7 108" 109"

Hinh 2. Qu¥ dao bao Frankie (7/1996), Washi
(7/2005) va Doksuri (9/2018).

(b) Tai Hai Hau-Nam Dinh

Hinh 3. Hinh anh ngap lut do nuéc dang bio két hop véi tridu cuong trong bio Doksuri (9/2018)
tai Cira Lo-Nghé An (a) va Hai Hdu-Nam Dinh (b).
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a) Kiém dinh mo hinh v&i nude dang do bao

Dé kiém dinh mé hinh SUWAT véi nuée
dang do bo, sb liéu nudc dang (sau khi loai bo
thuy tridu tir myc nude quan trac) tai Hon Dau
trong bao Frankie va Hon Ngu trong bao Doksuri
duoc thu thap. Nudce dang do bao dugc tinh trong
truong hgp c6 md hinh co6 xét tdi anh hudng cta
thuy tridu va song bién. Trén hinh 4a-b 12 so sdnh
nude dang tinh tir mé hinh SUWAT véi s6 liu
quan tric tai tram Hon DAu trong bao Frankie
(hinh 4a) va tai tram Hon Ngu trong bao Doksuri
(hinh 4b). Sai s6 giita tinh toan va quan tric dbi
v6i nudc dang do bao dugc thong ké trén bang
1. Két qua cho thdy trong ca 2 trudng hop md
hinh mé phong kha tdt dién bién bién nuéc dang
do bdo. Cu thé, véi bdo Frankie sai s6 ctia nudc
dang 16n nhét tai Hon DAu chi khoang 0,2m,
trong khi d6 tai Hon Ngu trong bao Doksuri méc
du chénh 1éch gitra dinh nudc dang tinh toan va
quan tric khong dang ké, tuy nhién két qua tinh
toan cho thoi gian ton tai nudc dang 16n ngan
hon so véi thuc té. V§i sai sé nhu vay, cO thé két
ludn ring mé hinh SUWAT di mé phong kha tbt
dién bién nude dang do bio tai khu vue nghién ciru.

b) Kiém dinh mé hinh véi song trong bio

Véi kiém dinh song trong bao, sb liéu song
quan trac tai Hon Dau trong bao Frankie va Hon
Ngu trong bdo Doksuri dugc thu thép. Do tai

Hon Dau va Hon Ngu quan tric séng chi duoc
thuc hién vao ban ngay tai cac op thoi gian 7, 13
va 19 gid nén ngudn sd liéu nay ciing c6 mot s6
han ché nhat dinh khi st dung kiém dinh mé
hinh. Trong truong hop nady, song trong bao
duogc tinh véi phuong an c6 xét tdi anh hudng
ctia thiy triéu va nude dang do bdo. Thong ké sai
sO gifta tinh toan va quan tric song trong bio
duoc thé hién trén bang 2. Trén hinh 5a-b la so
sanh d6 cao song c6 nghia tinh tir mé hinh véi sé
liéu quan tric song tai Hon Dau trong bio
Frankie (Hinh 5a) va tai Hon Ngu trong bao
Doksuri (Hinh 5b). Két qua so sanh cho thay mo
hinh m6 phong kha t6t ca dién bién ciing nhu do
cao song 16n nhat tai Hon Ngu trong bio
Doksuri. Tuy nhién, voi bio Frankie, két qua co
su 1&ch pha tai thoi diém sau khi song dat do cao
16n nhat. Mic du vay, két qua nay ciing c6 thé
chap nhan dugc va di phan anh kha ning cia mo
hinh trong tinh séng trong bao.

Bang 1. Sai sb tuyét ddi (AE), trung binh tuyét ddi
(MSE) va binh phuong trung binh (RMSE) gilta tinh
toan va quan trac nudc dang do bio

Tén bao (tram quan AE MSE RMSE
trac) (m)  (m) (m)
Frankie (Hon Déu) 0,46 0,15 0,20
Doksuri (Hon Ngu) 047 0,13 0,17

1.4
1.2 -

-0-Quan tric

==-Mo hinh

Nudc dang (m)

_0422/96 7/23/96 7/24/96 7/25/96
Thoi gian (gio)

—M® hinh
-<-Qan tric

0.8 -
0.6 1
0.4 -

0.2

Nudce dang (m)

7 onng 9/4/1;§ 9/5/17

Thoi gian (gio)

03"

-04 -

(a)

(b)

Hinh 4. So sanh nuéc dang tinh toan va quan tric tai Hon D4u trong bdo Frankie (a) va Hon Ngu
trong trong bao Doksuri (b).
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Bing 2. Sai s6 tuyét ddi (AE), trung binh tuyét ddi (MSE) va binh phuong trung binh (RMSE)
gitta tinh toan va quan trac séng trong bao

Tén bdo (tram quan tric) AE (m) MSE (m) RMSE (m)

7/24/96  7/25/96  7/26/96

Thoi gian (gio)

7/22/96  7/23/96

7/27/96

(a)

Frankie (Hon Dau) 1,87 0,63 0,87

Doksuri (Hon Ngu) 1,12 0,36 0,43
34 i
° —MB0 hinh Y
25 - ©° © Quan tric J
= E 25
g1 ) B
0.5 | o =y

0 [e] [}

_“'g'I=I’ U L0 e LS LT EATAT R

| B gz | e )

(b)

Hinh 5. So sanh nuéc do cao séng c6 nghia toan va quan tric tai Hon D4u trong bio Frankie (a)
va Hon Ngu trong trong bdo Doksuri (b)

3.2. Anh hwéng ciia thiy triéu va mede ding do
bdo toi song trong bdo

a) Anh hwéng cia thiy triéu va mede ding toi
song trong bdo

Anh hudng cta thay triéu va nude ding t6i
song trong bao duoc hiéu 1a sy khac biét giira két
qua tinh song theo 2 phuong an, c6 va khong xét
t6i thuy triéu va nude dang do bio. Cac mé hinh
du bdo séng trong bao hién tai phan 16n déu
khong xét toi thuy triéu va nude dang, tic 1a
khong xét dén dao dong cliia myc nude bién va
truong dong chay (dong triéu va dong gio) trong
bao. Trén thuc té, tuong tac gilta song va dong
chay cung sy thay d6i d6 sau do dao dong thuy
triéu va nudc dang do bao co thé s& tac dong
dang ké t&i phan bd d6 cao song trong bao, nhat
la v6i nhitng con bdo manh va si€u bao. Do vay,
dé danh gia anh huéng cua thuy tridu va nudc
dang téi song trong bdo, mé hinh SUWAT dugc
ap dung md phdng song trong bao vdi 2 phuong
an la c6 va khong xét to1 anh hudng cia thay
triéu va nuéc dang. Ngoai bdo Frankie (7/1996)

va Doksuri (9/2017), bio Washi (7/2005) véi cap
gi6 11 d6 bd vao ven bién Hai Phong duoc lya
chon dé mé phéng véi 2 truong hop 1a cip bio
thue va ting t6i cap 16 (cap siéu bdo) nhung giit
nguyén quy dao va thoi gian d6 bg, boi thuc té
chua c6 siéu bdo xuit hién tai khu vuc nghién
ctru. DG cao song khu vuc ven bo (tram Hon Déu
va Hon Ngu) va ngoai khoi (vi tri déu sao trén
cac Hinh 7a va 9a) dugc so sanh giira cAc phuong
4n tinh.

Vi truong hop bao Frankie, trén hinh 6a-b
1a so sanh do cao song tai tram Hon Déau (Hinh
6a) va vi tri ngoai khoi (Hinh 6b) theo 2 phuong
an tinh. Ké qua cho théy, tai tram Hon Dau
phuong 4n c6 xét téi anh hudng ciia thuy tridu va
nude dang cho két qua cao hon, trong khi do tai
vi tri ngoai khoi thi ngugc lai, phuong an khong
xét toi thity tridu va nude dang cho két qua do
cao song 16n hon. Tuy nhién, sy khac biét cua
d6 cao song 16n nhit gita 2 phuong 4n khong
nhiéu, khoang 0,11m tai Hon DAu va -0,56m tai
vi trf ngoai khoi. So sanh truong séng 16n nhat
trong qué trinh bio Frankie d6 bo trén Hinh 7a-
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b ciing khong thiy 13 su khac biét gitra 2 phuong
an tinh. Vi bdo Doksuri, so sanh d§ cao song
gilia 2 phuong an tinh tai tram Hon Ngu va vi tri
ngoai khoi trén Hinh 8a-b ciing cho xu thé twong
tu nhu truong hop bao Frankie, d6 1a phuong an
xét t6i thuy tridu va nudce dang do bio cho do cao
song tai vung ven bo 16mn hon (tram Hon Ngu) va
thdp hon tai vi tri ngoai khoi. Két qua ctia phuon
an c6 xét ti thuy tridu va nude dang vi vy ciing
t6t hon khi so sanh v&i sb liéu quan tric tai Hon
Dau trong bdo (Frankie 7/1996) va Hon Ngu
trong bio Doksuri (9/2017). Két ciing cho thay

chénh léch gilta 2 phuong an tinh trong béo
Doksuri nhiéu hon so véi truong hop bio
Frankie, 0,21m tai Hon Ngu va -0,8 Im tai ngoai
khoi. Sy khac biét két qua tinh song giira 2
phuong an ¢ khu vuc ven bo va ngoai khoi ciing
¢6 thé nhan ra trén Hinh 9a-b vé phan bd do cao
song 16n nhit trong bao Doksuri. Ty 1& khac biét
cua d6 cao song tinh toan gita 2 phuong an trong
bao Fraikie va Doksuri ngoai phu thudc vao
cuong do bao co thé con do bdo Frankie d6 b
vao ky triéu kiét trong khi d6 bao Doksuri d6 bd
vao ky triéu cudng.

3 -
_ 12
25 4 I,’ . --- Co xét téi thuy tridu va
- . [ 10 nuée dang ~
—C0 xét t6i thity tridu va / —Khéng xét t6i thiy tridu 1
’é\ 7 nudc ding ‘ fé\ vanude ding \
= --- Khong xét t6i thity tridu £ 8 \
=) vanudc dang \ é')
O i \ R
215 \ 2 6
o \ °
<
4 S
<« 4 i
2 1 8 4
0.5 - 2
= 0
22/7/1996 23771996 24/7/1996 25771996 22171996 237171996 24/1/1996  25/1/1996
Thoi gian (gio) Thoi gian (gio)
(a) (b)

Hinh 6. So sanh d9 cao song tinh todn trong bao Frankie (7/1996) gitra 2 phuong an tinh c6
va khong xét tdi anh hudng cua thiy tricu va nude dang bao tai Hon Dau (a) va vi tri ngoai khoi (b).

Hinh 7. Truong song 16n nhat trong bio Frankie (7/ 1996) gitra 2 phuong 4n tinh co (a)
va khong (b) xét tdi anh huong cia thiy triéu va nude dang.



110

N.B. Thuy/ VNU Journal of Science: Earth and Environmental Sciences, Vol. 35, No. 2 (2019) 102-113

357 —coxétwi thity tridu va
nudc dang -
3 | - —Khong xét t6i thiy tridu  [C'
va nudc dang A
2,5 - 4
—_ i’
E 5| 1
o0 4
g
215 -
Q
8
<« 1
[
0,5 -
0 T T
14/9/2017 15/9/2017 16/9/2017
0,5 - . .
Thoi gian (gio)
(a)

Do cao song (m)

|
10 - “.
—C6 xét t6i thity tridu va I
8 - nude dang
-=--Khong xét ti thity triéu
va nudc dang
6 4
4 -

14/9/2017 15/9/2017 16/9/2017

Thoi gian (gio)

(b)

Hinh 8. So sanh d6 cao séng tinh toan trong bao Doksuri (9/2017) gitra 2 phuong én tinh ¢6
va khong xét tdi anh hudng cua thiy tricu va nude dang bao tai Hon Ngu (a) va vi tri ngoai khoi (b).

()

(b)

Hinh 9. Truong séng 16n nhat trong bio Doksuri (9/2017) gitta 2 phwong 4n tinh c6 (a)
va khong (b) xét t6i anh hudng ciia thiy triéu va nude dang.

Vi truong hop bao Washi, so sanh dd cao
song tinh tai tram Hon Déu theo 2 phuong 4n ¢
va khong xét t6i thuy tridu va nudc dang do bio
duoc thé hién trén Hinh 10a véi cép bio thuc té
va Hinh 10b véi cip siéu bio. Két qua cho thay
chénh 1éch 36 cao song lon nhét véi bdo that 1a
0,22m va véi cp siéu bdo 1a 1,Im. Phan b
chénh 1éch d6 cao song 16n nhit giita 2 phuong
an tinh (D9 cao song [Co xét t6i thay tricu va
nudc dang]-D9 cao song [Khong xét toi thiy
tridu va nudc dang]) cho trudng hop cap béo that
va cép siéu bdo duoc thé hién trén hinh 11a-b cho
thay tai khu vuc ven bd bén phai duong di cua

bdo chénh 1éch d6 cao song co thé 1én t&i hon
2,0m véi cdp siéu bio, trong khi d6 véi cip bio
that chi khoang 0,5m. Tai mdt s6 khu vuc ngoai
khoi, chénh 1éch d cao séng 16n nhit 1a -0,4m
v6i cip bio that va -1,4m véi cap siéu bao. Co
thé thay rang v6i nhitng bdo co cuong do rat
manh, twong tic cia thuy tridu va nudc dang thé
hién 13 t6i phan bd trudng séng trong bdo nhét 1a
tai nhiing khu vuc séng 16n quanh tam bédo va
ving nudc ndng ven bo & bén phai duong di cua
bao do boi thay doi trudng do cao myc nudc va
dong chay so véi truong hop khong xét dén anh
huéng cta thay tridu va nudc dang do bdo. Sy
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thay ddi nay s& nho hon tai nhitng khu vyc séng
nho va d6 sau cda bién 16n hon nhiéu so véi thay
d6i muc nudc bién do thuy tricu va nudc dang
trong bao.

Két qua da chi ra ring voi nhitng con bio co
cuong do manh c§ si€u bao thi cong nghé du bao
song can thiét phai xét toi anh huong cua thuy
triéu va nudc dang bao dé tranh két qua co du
béo thién thap tai khu vuc ven bd noi bio di qua.
b) Anh hwéng ciia nude ding do bao t6i song
trong bdo

Dé danh gia anh hudng riéng ré cua thiy

111

triéu va nuéc dang t6i do cao séng trong bio,
trén Hinh 12a-b so sanh két qua tinh song gitra 3
phuong 4n, cé xét téi thiy triéu va nudc dang
bao, chi xét t61 nude dang do bao (khong xét t6i
thuy tridu) va khong xét t6i thuy triéu va nudc
dang do bao tai Hon Dau va vi tri ngoai khoi
trong bio Frankie. Két qua cho thiy, hiu nhu
khong c6 su khac biét nhét 14 tai vi tri ngoai khoi
giita 2 phuong an xét t6i thay triéu va nude dang
va phuong an chi xét t6i nudc dang, cé nghia la
anh hudng ciia thuy tridu toi song chi o chut dang
ké tai khu vurc ven bd (Hinh 12a - tram Hon Déu).

35 4 —Khéng xét t6i thuy
triéu va nudc dang

| == Co xét t6i thiy tridu
va nudc dang

Do cao song (m)

0
7/29/05 7/30/05 7/31/05 8/1/05

Thoi gian (gid)

(a)

D9 cao song (m)

| =—Khong xét t6i thuy
tridu va nudc dang
/
== C6 xét t6i thuy triéu va i\
nudc dang /

0
7/29/05 7/30/05 7/31/05 8/1/05

Thoi gian (gio)

(b)

Hinh 10. So sanh d6 cao song tinh toan tai Hon Dau trong bio Washi theo phuong én tinh c6
va khong xét t6i anh hudng cua thiy tricu va nudc dang. (a) Cap bao that, (b) Cap si€u bao.

105 106 107 108°

T T

1.0 05 0.0 05 1.0

(a)

20 15

10 05 00 05 10 15 20

(d)

Hinh 11. Chénh léch d6 cao song 16n nhét giita phuong an tinh song c6 va khong xét ti anh huong
cua thuy trieu va nude dang bao. (a) Cap bao that, (b) Cap si€u bao.
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Hinh 12. So sanh d6 cao song tinh toan trong bao Frankie (7/1996) giita 3 phuong an tinh: Co xét tdi
thay tri€u va nudc dang bao, chi xét téi nude dang do bao va khong xét tai thuy triéu va nude dang
do bao tai Hon Dau, va vi tri ngoai khoi (b).

6
— Khing xé&t to tloiy trién
b va o dang
- - Co xét i thiv trien va
2 oo dine
= Chi xet ton nude dane
3

B cao gong (m)

i

1872005

20072005

The gian (gio)

3T 2005 31/7/2005

Hinh 13. So sanh do cao song tinh toan trong bdo Washi (tang cip 16) gitra 3 phuong an tinh: C6 xét
téi thuy triéu va nude dang bao, chi xét t&i nude dang do bao va khong xét téi thuy tricu
va nudc dang do bao tai Hon Dau.

Pé khang dinh thém anh hudng cua nuédc dang
do bio 1a dang ké hon so voi thiy tridu ti song
trong bo, két qua tinh séng tai Hon Déu theo 3
phuong an tinh & trén véi truong hop bao Washi
duoc ting cip 16 duoc thé hién trén hinh 13 cho
thdy sy khac biét khoang 0,2m cta do cao séng
16n nhét giita phuong an tinh c6 xét toi thity triéu

va nuéc dang va phuong an chi xét toi nude dang.

Nhimng so sanh két qua tinh toan theo 3
phuong an ¢ trén cho thay véi du bao song trong
nhitng con bdo manh va siéu bio can thiét phai
sit dung cong nghé du bao co xét t6i thay tridu
va nude dang do bio, nhét 13 voi nude dang do bio.
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4. Két luan

Trong nghién clru nay, anh hudng cta thuy
triéu va nudc dang t6i séng trong bio tai ven bién
Bic B duoc phan tich dya trén cic Kkét qua tinh
todn séng trong bio bang mod hinh SUWAT trong
cac con bao Frankie (7/1996), Doksuri (9/2017)
va Washi (2005). Cac phuong an tinh dugc thuc
hién bao gém xét téi dong thoi anh hudng cua
thuy tridu va nudc ding, chi xét toi nude dang va
khong xét téi thuy tridu va nudc dang. Mot s6 két
qua nghién ctru duoc tém tit nhu sau:

- M6 hinh SuWAT di dugc kiém ching tinh
song va nudc dang trong bao tai khu vuc nghién
ctru, mic du sai sb tuyét ddi giita tinh todn va
quan tric tai mot sb thoi diém sau khi nudc dang
va song dat cuc dai con 16n nhung vé nhin chung
mo hinh di phan anh twong ddi tot dién bién
nudce dang va séng trong bao.

- Két qua mo phong séng trong bdo cho 4
kich ban v& bio cho thiy nhin chung anh hudng
ctia thiy triéu va nudc ding téi séng trong bio 1a
dang ké nhat 1 trong bdo manh va siéu bio.
Phuong 4n ¢ xét téi anh hudng cua thuy tridu
va nudc ding cho két qua song cao hon tai khu
vuc ven bo va thép hon tai khu vuc ngoai khoi.
Su thay d6i dd sau nhét 12 tai khu vue nude nong
ven bo va tuong tac gitra séng va dong chay dugc
xét t6i trong phuong an ¢ xét téi thity triéu va
nude dang 12 nguyén nhan gy su khic biét vé
két qua tinh séng giita cdc phuong an. Két qua
ctia nghién ctru cling cho thdy, so véi thiy triéu
thi nude dang do bdo c6 anh hudng nhiéu hon téi
song trong bao..

Két qua cta nghién ctru ¢6 y nghia cho dé
sudt cai tién cong nghé va phuong an dy bdo
song trong bdo tai khu vyc nghién clru, noi co
bién d6 thiy triéu 16n va trong twong lai c6 kha
nang s& phai don nhan nhiéu con bdo manh, siéu
bdo d6 bo.

Loi cam on

~ Nghién ctru nay duogc tai trg boi Quy Phat
trién khoa hoc va cong ngh¢ Quoc gia(NAFOSTED)

trong dé tai ma s6 105.06-2017.07 (md hinh) va
dé cai cip Bo Tai nguyén va Moi truong ma sd
TNMT.2018.05.28 (s6 liéu). Tac gia xin chan
thanh cam on.
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BAI BAO KHOA HQC

MO PHONG NUGC DANG DI THUONG TRONG PQT
TRIEU CUONG THANG 12 NAM 2016
TAI TUY HOA-PHU YEN BANG MO HINH SO TRI

Nguyén B4 Thiiy!

Tém tit: Trong nghién cieu nay, hién twong mire nude bién dang cao bdt thirong trong dot triéu
cuong vao thang 12 nam 2016 dwoc mé phong bang mé hinh tich hop SuWAT nham muc dich xdc
dinh cac hiéu ung gay nuoc dang di thwong tai khu vuec. Trong do, mo hinh SuWAT tinh toan nuoc
ddng gdy boi trng sudt gio va img sudt bikc xa séng. Truong gio va cdc tac dong trong khi quyén duwgc
mé phéng tai phén tich bang mé hinh WRE. Két qua cho thdy, mé hinh SuWAT mé phéng kha tot vé
dién bién cia niwde dang trong dot triéu cwong nay, tuy nhién két qud con thién thap so véi thiee té.
Nuwbe ding do ieng sudt song chiém khodng 32% mue nwée ddng tong cong tinh todn.

T khéa: Nudce ding di thuong, g sudt gio, mede ding do séng, Tuy Hoa.

Ban Bién tap nhan bai: 08/02/2019  Ngay phan bién xong: 20/04/2019 Ngay dang bai: 25/05/2019

1. Mé diu

Trong nghién ctru nay, thudt nglt nudc dang
di thuong duogc hiéu 12 hién tuong myc nudc
bién ding cao trén nén thay triéu nhung khong
phai do bdo hay ap thap nhiét déi. Tai ven bién
mién Trung Viét Nam ctr vao cac thang cudi va
dau cua nim s& cd mot sd ngay xuét hién muc
nude bién dang cao bat thuong (dan gian hay goi
1a tridu cuong), trong d6 Tuy Hoa-Phu Yén la
noi c6 tan xuat xudt hién nhiéu nhéat. Ngoai thuy
tridu thi trong cac dao dong nudc 16n d6 c6 phan
dong gop dang ké ctia nude dang do tac nhan khi
tugng (gi0, khi &p). Pay 1a 1y do giai thich khong
phai trong tit ca nhitng ngay c6 thiy tridu cao
muc nudc tai khu vuc nay déu cao bat thuong
ma chi mot vai ngay trong sb d6. Khi muc nudc
dang di thuong xuat hién trung véi thoi diém
triéu thién vin cao, két hop véi song 16n s& gay
ngap lut, x61 16 vung bo va anh huong tiéu cuc
to1 cac hoat dongtai khu vuc ven bo bién.

Nghién ctru vé nude dang do bao, ap thap
nhiét d6i da dugc tién hanh tir rat 1au do thiét hai
gdy boi nudc dang trong bao rat 16n. Chinh vi
vay, nhiéu cong nghé du bao nudc dang do bio

Trung tdm Dy bdo khi twong thity vin quoc gia
Email: thuybanguyen@gmail.com
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da duoc xay dung dé phuc vu du bao, canh béo.
Qua do, nhiéu mé hinh thuong mai (Delft3D,
Mike2D, SMS...) ciing nhu mi ngudn mo
(ROMS, POM....) dugc tng dung dé phuc vu dy
bao, canh bao. Ngoai hi¢n tuong nudc dang do
bdo va ap thap nhiét doi, tai nhiéu khu vyc trén
thé gidi khi gi6 ¢6 van tdc 16n, thdi theo hudng
on dinh va kéo dai cling gay nudc dang dang ké
tai vung ven bo. Chinh vi vay, nudc dang do gio
mua gan ddy da dugc tip chung nghién ctru va
xdy dung cong nghé du bdo, nhat 13 tai nhiing
khu vyc c6 dia hinh trén bo triing va bién do thuy
triéu 16n, chi can xuit hién nudc dang cd vai
chuc centimet vao ky triéu cuong co thé giy
ngap trén dién rong. Nudc dang gy bdi gid dugc
tao bai theo 3 co ché: Tac dong truc tiép tir ing
suét gi6 trén bé mit bién; tac dong gian tiép qua
(g suat song; va hiéu tmg bom Ekman day muc
nuoc ven bo dang cao do dong chay doc bo. Tuy
nhién, tir s6 liéu quan trac thuc té, viéc xac dinh
murc do dong gép cua nude dang do hi¢u ing nao
gy nén 1a rat kho. Chiing ta chi c6 thé xac dinh
nude dang gay ra boi cac hi¢u tng riéng ré thong
qua két qua mo6 phong bang mé hinh sb tri. Nudc
dang do tac dong truc tiép tir ing sut gié thuong
16n trong trudong hop gié manh trong bao, ap
thap nhiét d6i, co ché gay nudc dang nay da
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dugc nghién ctru nhidu. Véi nude dang do song,
nhiéu nghién ctru da khiang dinh nudc dang gay
boi ing suit song trong bdo trong mot sd truong
hop c6 thé chiém téi 35% muc nude dang tong
cong [6-8]. Réat nhiu nghién ctru ciing dd khang
dinh nu6c dang do tng suét song cao thudng &
tai cac khu vuc ven bd c6 d6 doc 16n [6-8].
Chinh vi vay, tai nhiéu khu vuc ven bién voi do
déc dia hinh 16n va huéng gi6 thinh hanh vuong
gbc voi duong bo nude dang trong cac dot gio
mua c6 thé cao téi 1 mét [3, 8].

Qua phan tich s6 liéu quan tric nhiéu nam tai
tram thiy van Phu Lam va tram nghiém triéu tai
ctra bién Tuy Hoa-Pha Yén thang 12 nim 2016,
nhom tac gia Tran Hong Thai va nnk [2] da
khéng dinh co6 hién tuong muc nudc bién dang
cao di thuong trén nén thuy triéu trong cac dot
triéu cuong cao tai khu vuc ma bao chi da phan
anh trudc do va do 16n cuia nude dang di thuong
¢6 thé dao dong tir 0,5-1,0 m. Két qua thong ké
cac hinh thé thoi tiét (truong gio va khi ap) trong
cac dot triéu cuong cao tai Tuy Hoa-Phu Yén,
nhom tac gia Nguyén B4 Thuy va Tran Quang
Tién da phat hién nuéc dang di thudng tai day
c6 mdi lién hé vé6i hinh thé thoi tiét két hop gitra
gi6 mua Pong Bic doc ven bién Trung Bo va
ddng thoi ton tai mot ving thip ngoai khoi khu
vuc giita va nam Bién Pong c6 hudng di chuyén
vao ven bién Viét Nam [4].

Tiép theo 2 nghién ctru vé hién tugng nudc
dang di thuong tai Tuy Hoa-Phi Yén ¢ trén,
trong nghién ctru nay, 2 dot nudce dang di thuong
tai Tuy Hoa-Phu Yén trong thang 12 nam 2016
dugc mo phong bang mo hinh sé trj nhim xéac
dinh cac hiéu img gay nudc dang. M6 hinh s tri
tich hop SUWAT dugc ap dung dé danh gia nuéc
dang do tmg suét gi6 va Gmg suit song. Két qua
ctia nghién ctru s& 1a co s dé xuat cong nghé
vaphuong an du bao nghi¢p vu nudc dang di

BAI BAO KHOA HQC

thuong tai khu vuc.

2. S6 liéu va phwong phap nghién ctu

a) Hién tuwong muc nuée bién dang di thwong
trong dot triéu cwong thang 12 nam 2016

Trong thoi gian tir 15 thang 10 nim 2016 dén
14 thang 1 nam 2017, d¢ tai nghién ctru khoa hoc
cap Nha nudc “Nghién citu nguyén nhdn va xdy
dung quy trinh cong nghé canh bao, dy bao hién
twong myc nuoc bién ddng di thwong tai mién
Trung va Nam B¢ Viét Nam™ da tién hanh quan
tric muc nude tai cira bién Tuy Hoa voi muc
dich ghi nhan dugc nudc dang di thuong trong
céc thang cudi nam 2016 va dau nim 2017, day
1a khoang thoi gian trong nam thuong xuat hién
nudc dang di thuong tai khu vuc ma cac phuong
tién truyén thong va nguoi dan phan anh. Vi tri
tram nghi¢m triéu duoc lva chon nam ngay sat
ctra bién Pa Ring nén hau nhu khong bi anh
hudng cua 1 trén song Ba. Trong thoi gian quan
tric da ghi nhan 2 dot triéu cuong cao tai khu
vuc va ca 2 dot tridu cuong nay déu dugc
phuong tién truyén thong phan anh do boi gay
thiét hai tai mot sé khu vuc thude ven b bién
Tuy Hoa [9]. Trén hinh 1a-b la tadc dong cua dot
tridu cudng vao dém ngay 16 thang 12 nam 2016
tai Tuy Hoa-Phti Yén. Két qua phan tich loai
thity triéu khoi muc nude quan tric trén hinh 2
cho thiy trong thang nay c6 2 dot nudc dang cao
va dinh nudc dang vao khoang 1 gio ngay 14
thang 12 (0,59 m) va 23 gio ngay 16 thang 12
(0,61m). Két qua diéu tra khao sat thuc dia va
thu thap nudc dang sau dot triéu cudng nay cho
théy nudc dang di thuong chi xuét hién cuc bd
tai ven bién Tuy Hoa-Pht Yén, $6 lidu quan tric
muc nudc tai tram hai van Quy Nhon (cach Tuy
Hoa khoang 100km vé phia bic) va Nha Trang
(cach Tuy Hoa khoang 80km vé phia nam) da
khong ghi nhan nude dang di thuong [2].

TAP CHi KHI TUQNG THUY VAN
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(b)
Hinh 1. Mét s6 hinh anh vé tac dong cia triéu cwong tai tai Cang Cd -Tuy Hoa - Phii Yén: (a)
Ngay 14/12/2016, (b) Ngay 16 thang 12 nam 2018 [9]

12/6/20160:00
B

—Quan tric -—-Thiy tridu -— Nuéc dang

12/11/20160:00

Thoi gian (gio)

12/16/20160:00  12/21/20160:00

Hinh 2. Bién thién myc nuwée quan trdc, thiy triéu va niede dang tai tram nghiém triéu ¢ cira bién
Tuy Hoa thang 12/2016

b) Phwong phap nghién curu

Nghién ctru nay su dung mo hinh tich hop 2
chiéu SUWAT va dé mo phong hién tuong muc
nude dang di thuong trong dot tridu cuong thang
12 ndm 2016 nham muc dich x4c dinh nguyén
nhan gy nudc dang di thuong tai khu vuc.

SuWAT la mé hinh tich hop c6 thé tinh riéng
1& hodc két hop ca thiy tridu, song bién va nudc
dang do bio/ap thip nhiét d6i va gié mua. Mo
hinh nay dugc xay dung tai dai hoc Kyoto - Nhat
Ban [8], bao gdm 2 mé hinh thanh phan 1a mo
hinh thiy triéu va nude dang dya trén hé phuong
trinh nudc nong 2 chiéu c6 tinh dén nude dang
do tng suét song va mé hinh séng SWAN. Mo
hinh SUWAT da dugc nghién ctru ap dung tai
Viét Nam trong mé phong thuy tridu, song va
nuée dang do bio trong mot sb nghién ciru gan

TAP CHI KHI TUQNG THUY VAN

day [1, 3]. Két qua kiém dinh cua cac nghién ctru
nay da phan anh kha ndng ciia mo6 hinh trong du
béo thiy triéu, nuéc dang do bio va séng bién
tai ven bién Viét Nam. Trong nghién ciru nay,
viéc 4p dung mo hinh SUWAT nham danh gia
nuéc dang giy boi Gmg sudt gié va tng suit
song. Theo do, nudc dang s€¢ dugc mod phong
theo 2 phuong an, c6 va khong xét toi anh hudng
ctia song. Nudce ding do (g sudt song rat c6 thé
la dang ké do trong thoi gian nay da nhan co
song 16n tai khu vuc. Ngoai ra, voi dia hinh ven
bo ddc va truong song 16n duy tri trong thoi gian
dai s& 1a co ché thuan loi gay nudc dang do séng
cao.

Dit liéu dia hinh duogc 1iy tir GEBCO (M)
d6 phan giai 4 phut cho lui tinh Bién Dong va
s6 liéu duoc s6 hoa tir ban dd dia hinh day bién
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ti 16 1/100.000 cua Tong cuc Bién va Hai dao
dung cho luéi khu vuc (D2) va dia phuong (D3).
3. Két qua md phéng
M5 hinh SUWAT duoc thiét ké ludi tinh 1ong
3 16p (Hinh 3). Trong 6, ludi tinh Bién Pong
(luéi D1) 1a mién tinh 16n nhat véi d6 phan giai
ngang 4 phut (khoang 7.400 m), bao phu tur vi

1* domain

i
-
e
e
e
1B
e
1506
1008
23
el

2nd domain
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d6 5°-25°N, kinh do 103°- 120°E. Luéi 16ng ké
tiép (lu6i D2) bao trim toan b ven bién mién
Trung v6i mién tinh 6.0°-11°N, 108.0°- 112°E
v6i do phén giai khoang 1.000 m. Ludi 16ng thir
3 (D3) trong pham vi 12.5°-13.75°N, 109.0°-
109.5°E v&i dd phan giai khoang 300 m bao
trum hét ven bién Tuy Hoa.

3rd demain

Hinh 3. Mién tinh va truong d sau cho mé hinh SuWAT tai ven bién mién Trung

Truong gié va khi ap 1am dau vao cho mo
hinh SUWAT trong khoang thoi gian trude va
sau khi xuat hién nudc dang di thuong (tir 10/12-
18/12/2016) duoc md phong chi tiét bang md
hinh WRF véi d¢ phan giai 3 km, budc thoi gian
trich xuat sb liéu 15 phat. Muc dich ciia mo
phong chi tiét truong gid va khi 4p nham bat
duogc nhitng hinh thé & quy mé nho, rat c6 thé
quy mo nay la nguyén nhan gay nudc dang di
thuong tai khu vuc. Két qua mo phong truong
gi6 va khi ap tir m6 hinh WRF cho thiy hinh thé
thoi tiét bi chi phdi boi gio miia Pong Bic manh,
lan sau xuéng phia Nam va dong thoi ton tai mot
ving ap thap ¢ ngoai khoi giira Bién Pong va co
huéng di chuyén vao ven bod Nam Trung Bo
(Hinh 4).

Md hinh SUWAT str dung 2 phuong an tinh

nudce dang, do 1a coé va khong xét téi anh huong
ctia song. Poi v6i phuong an xét téi anh huong
ctia séng, phan bd nudc dang 16n nhét trong thoi
doan tinh toan thé hién trén hinh 5a cho théy
pham vi nudc dang 16n khong chi tap chung tai
ven bién Tuy Hoa-Phti Yén ma con trai dai 1én
phia Béc va xubng phia Nam. Do cao song ¢
nghia 16n nhét trén hinh 5b cho thay gié mua
DPoéng Bic v6i cuong dd manh giy song cao toi
3m tai ven bo Tuy Hoa. So sanh bién thién nudc
dang tinh ton va quan tric tai tram nghiém triéu
Tuy Hoa trén hinh 6 cho thiy m hinh da phan
anh duoc dién bién xu thé nudc dang trong thoi
gian nay, tuc la da ghi nhan duoc hai dinh nudc
dang vao dém ngay 14 va 16 thang 12, nhung
két qua thién thap so vai thuc té (0,35m, thyc té
0,61 m vao 23 gid ngay 16 thang 12).
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Hinh 4. Truong gié va khi dp trong dot triéu cuwong vdo giita thang 12 nam 2016
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Hinh 5. Phin bé nude dang I6n nhat (a), @6 cao séng c6 nghia lom nhdt (b) trong dot triéu cuwong
thang 12 nam 2016
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Hinh 6. So sanh meée ding tinh todn va quan trdc trong dot triéu cwong thang 12 nam 2016 tai
tram quan trdc bo sung Tuy Hoa

Truong song lén do tdc dong cua gié mua
DPong Bic c6 cuong d6 manh c6 thé 1am ra ting
muc nude dang tai vung ven bo thong qua ung
suét btrc xa song, nhét 13 tai khu vuc ¢6 dia hinh
dbc nhu ven bién mién Trung. Do vay, dé danh
gia anh huong ciia nude dang do mg suat song
gay nén, phuong an tinh nudc dang khong xét
td1 anh huong cua song dugc thuc hién. Két qua

so sanh bién thién nuéc dang giita 2 phuong an
tinh, c6 va khong xét té1 anh hudng cua song
trén hinh 7 cho thay nuéc dang do tmg suat song
chiém ty 1é dang ké, nhat 1a tai dinh nu6c dang
(khoang 0,11 m (32%) tai thoi diém23 gio ngay
16 thang 12). Qua day cho thiy, song 16n va dia
hinh viing bd ddc gop phan giy nudc dang trong
dot tridu cuong nay.

TAP CHi KHI TUQNG THUY VAN
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—e—Quan tric
—CO x&t t&i s6ng

===Khoéng x&t t&i song

-0.4

12/1/2016 0:00

12/11/2016 0:00
Thoi gian (gid)

12/21/2016 0:00

Hinh 7. So sanh mieée ddng tinh toan va quan trdc trong dot triéu cwong thang 12 nam 2016 tai

tram quan trac bo sung Tuy Hoa

4. Két luan

Trong nghién ctru nay, hién tugng nudc dang
di thuong trong dot triéu cuong vao thang 12
niam 2016 dugc md phong bang mo hinh sd tri
tich hgp SUWAT nham danh gia vai tro ctia ing
sut gi6 va tng sudt song t6i téi dang. Trudng
gi6 va khi ap lam dau vao cho mo phong nudc
dang dugc tinh tir mé hinh WRF. Két qua cho
thidy mo6 hinh mé phong twong dbi tt dién bién
nudce dang trong dot tridu cudng nay nhung thién
thép so vai thuc té. Hién tuong nudc dang di
thuong trong dot triéu cuong thang 12 nam 2016
ngoai tac dong truc tiép cua tng suat gio 1én bé

mit bién thi nudc dang do Ung suat song ciing
chiém mét phan dang ké. Nudc dang do song
cao boi truong gio Pong Bic manh gay song 16n
tai vung ven bién c6 do dbc 16n. Bé co thé mod
phong ddy du dinh luong hién twong nude dang
di thuong tai khu vuc can xem xét tGi cac hiéu
ung gay nudc dang khac nhu bom Ekman, ngoai
ra ciing can thiét phai xay dung ludi tinh ciia mo
hinh khi twong va hai duong vdi do phan gidi cao
hon, day ciing 1a cac ndi dung nghién ctru trong
thoi gian t6i. Két qua cua nghién ctru ¢6 y nghia
cho xay dung cong nghé canh bao, du bao hi¢n
tugng nude dang di thuong tai khu vuc.

Loi cam on: Nghién ciru ndy duwoc tai tro béi Quy Phdt trién khoa hoc va cong nghé Quéc gia
(NAFOSTED) trong dé tai md so 105.06-2017.07). Tac gia xin chdn thanh cam on.
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NUMERICAL SIMULATION THE ABNORMAL SURGE ON THE
SPRING TIDE PHASES AT TUY HOA-PHU YEN INDECEMBER 2016

Nguyen Ba Thuy!
"National Hydrometeorolocical Forecasting Center

Abstract: In this study, the abnormal surge during the spring tide phases at Tuy Hoa-Phu Yen in
December 2016 was simulated by a coupled model of surge wave and tide (SuWAT). In particular,
tide and storm surge are simulated by two dimensional long wave equations taking into account the
wave radiation stress, obtained from the SWAN model. The SuWAT model is applied to simulate the
surge induced by wind stress and wave radiation stress. The wind and pressures fields were simu-
lated by WRF model. The results indicate that the model simulated well the tendency of surge al-
thought it under estimated. The surge induced by wave contributes up to 32 % to the total simulated
surge.

Keywords: Abnormal surge, wind stress, wave setup, spring tide.
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PAC PIEM BIEN PONG TRAM TiCH LO LUNG TRONG
MUA LU NAM 2013 TAI VUNG CUA SONG VEN BO
PONG BANG SONG CUU LONG

Nguyén Ba Thiy" Vii Hai Ping?

Tém tit: Pdc diém bién dong theo khéng gian va thoi gian cia tram tich lo hing trong mia I
nam 2013 tai viing cira séng ven bo dong bang séng Ciru Long dd dwoc lam sang 16 diwa trén viéc
phdn tich 56 lidu dé duc va a6 mudi ciia 65 tram do mdt rong trong thang 9/2013. S6 liéu dé duc va
dé mudi tir mdt dén déay dwoc do bang thiét bi AAQ1183s-IF. Anh hwéng ciia triéu doi véi cde dic
trung dong luc tram tich I lung dwoc phan tich dva trén $6 liéu triéu du bdo tai khu vuc nghién curu.
Cdc két qua phan tich sé liéu cho thdy phan bé khéng gian va thoi gian ciia dg duc tai viing cira song
Cuu Long trong mua lii chiu anh huwong cua hai ché do dong luc chinh: ché do thuy van tgi cdc cua
song va ché d¢ triéu. Theo khong gian, phdan bé @6 duc cé xu hwéng giam dan tir viing cira séng ra
viing ngodi khoi do danh hwéng ciia nguon tram tich song ciing véi hoat dong manh cia thiy triéu.
Tai viing cira séng, dé duc cé thé lén téi hon 800 NTU (Nephelometric Turbidity Units). Phdn bo
thcfng dung cua do duc bién doi phu thudc vao vi tri quan trdc va thoi diém quan trdc theo pha triéu.
O mét s6 tram quan trdc duge su tang dot bién cia dé duc tai lop sat day co thé 1én 140 NTU, mdc
dii d¢ muéi kha cao va thoi diém do nam trong pha triéu 1én. Hién twong ndy cé thé lién quan t&i
qud trinh tdi lo ling ciia tram tich do dong triéu trong pha triéu lén. Nhin chung, cdc tram tai khu

vue cua song Hau co do duc cao hon so voi cac tram tai khu vuc cira song Tién.

Tir khoa: Pong liee tram tich lo hing, do duc, do mudi, thiy triéu, cira séng Ciru Long.

Ban Bién tap nhan bai: 16/2/2019 Ngay phan bi¢n xong: 25/04/2019 Ngay dang bai: 25/05/2019

1. Mé diu

Vung tiép giap gitra bién-dit lién tao thanh
mdt trong nhitng con dudng van chuyén nude va
cac vat liéu cua chu trinh sinh-dia-hda va thuy
van toan cau. Trong d6, cic dong song bd sung
tram tich cho su mat di boi cac qua trinh x6i 10
doc theo vung ven bo, cling nhu x6i 16 ngang bo
ra khoi va cac thanh phan sinh hoc thiét yéu dé
nuoi dudng cac h¢ sinh thai ven bo. Mt trong
nhing qué trinh cudi cing ctia su van chuyén vt
liéu trdm tich xudt hién thong qua sy phan toa
céc vat chét lo ling tir cira song vao ving thém
luc dia. Do ¢6 ndng do tram tich lo lung cao,
nhitng ving nude nay co thé phan biét rd rang
v6i phan nude bién trong thong qua do dyc. Bién

ITrung tam Dy bdo Khi twong Thity van Quéc Gia
2Vién Dia chdt va Dia vdt Iy bién. VAST
Email: thuybanguyen@gmail.com
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dong cua luu lwong nude song, luu luong tram
tich song, ché d6 tridu, ché do song gio, cung voi
dic diém hinh thai dia hinh cua ving ctra song
ven bd va thém luc dia quyét dinh cac dang phan
tda cua vung nudc duc nay. Mac du gia tri d6 duc
khong dong nghia véi gid tri vé ham luong tram
tich lo Iimg, tuy nhién, viéc do dac truc tiép ham
luong tram tich lo ling tai cac ving ctra séng va
ven bién gip rat nhiéu khé khin, dic biét néu
mudn 1y mau trén mot dién rong. Chinh vi vay,
viée sir dung phuong phap do d6 duc bang cac
thiét bi tu ghi da dugc ap dung nhu mot phuong
phap thay thé kha hiéu qua va dugc ng dung
trong nhiéu nghién ctru trén thé gidi [1, 2, 3].
Hon nira, tai khu vyc cira song ven bién dic biét
trong muia 1ii nhu ctia séng Ctru Long lugng tram
tich lo ling c6 thé xem 14 yéu t6 chu yéu lam
thay d6i d6 duc ctia moi trudong nudc.

Dic diém phan b trim tich lo lung vung ctra
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song ven bo dong bang song Ctru Long kha phtic
tap do sy anh huong cua ca ché do dong luc song
bién hdn hop cing véi dic diém dia hinh. Ché
d6 phan bd tram tich lo limg tai khu vuc nay
dong vai trd rat quan trong trong qua trinh hinh
thanh va phat trién ctia dong bang chau thd. Song
Ciru Long 1a con song 16n nhat khu vuc Pong
Nam A, trudc khi chay qua Viét Nam va d6 ra
bién, né chay qua 5 nudc gébm Trung Qudc,
Myanmar, Thai Lan, Lao, va Campuchia. Song
Ciru Long hién nay d6 ra bién qua 7 cira chinh:
Cua Tiéu, Cua Dai, Cua Ba Lai, Cua Ham
Ludng, cua Co Chién, cua Cung Hau, cua Dinh
An, cua Tranh Dé (con goi la Tran Dé). Theo du
an “Tac dong cua bién doi khi hau 1én tai nguyén
nude va cac bién phap thich ing - Ddng bang
song Cuu Long” do Vién Khi tuong Thuy van
Hai van va Moi truong thuc hi¢én nam 2010,
hang ndm tong lugng nude ngot dua qua cac clra
song ra bién dat t6i 500 km3, trong d6 khoang
23 km® duoc hinh thanh trong ddng bang song
Cuu Long. Mua it hang nam thuong kéo dai tur
thang 7 dén thang 11, luu luong dong chay mua
lii chiém khoang 70 - 85% luong dong chay nam.
Mua can tir thang 12 dén thang 6 nim sau, luu
lwong dong chay mua can chi chiém khoang 15
- 30% dong chay nam. Luu lugng dong chay tai
ving ctra song con chiu anh hudng manh boi ché
d6 thuy triéu Bién Pong (ban nhat triéu khong
déu) va vinh Thai Lan (nhat triéu khong déu).
Cung v6i mot lugng 16n nude ngot do ra bién 1a
mdt khdi lwong tram tich khong 16. Milliman va
Syvitski [4] udc tinh hang nam song Mé Kong
van chuyén khoang 160 triéu tin trim tich, trong
khi d6 theo tinh toan cia Wang va nnk [5] thi
con sb nay khoang 145 triéu tn trong giai doan
tr nam 1962 - 2003. Trong d6, trung binh mdi
nam c6 khoang 79 triéu tdn tram tich chay vé
dong bang song Ctru Long cta Viét Nam, 9 dén
13 tridu tan ling dong & cac dong bang ngap li
va phan con lai gop phan mé rong chau thd va
lam phi nhiéu cac ving nuéi trong thily san ven
bién [6].

Dé lam sang to ddc diém va co ché phan toa
lugng tram tich nay trén ving bién ven bo va

BAI BAO KHOA HQC

ving thém luc dia cua dong bang séng Ctru Long
da co6 nhiéu nhiing nghién ctru dugc thyc hién.
Dua trén viéc phan tich tram tich t?mg mat va sur
dung md hinh mé phéng dong luc, Nguyén
Trung Thanh va nnk [7] d4 két ludn qué trinh van
chuyén trdm tich tai ving bién ven b va ving
thém luc dia ctia ddng bang séng Ciru Long chiu
anh huong 16n boi ché d6 dong chay ven b do
su chi phéi cua gio, thiy triéu va cac hoat dong
clia song trong vung sat bd bién. Tram tich lo
limg chi yéu duoc van chuyén vé phia Ty Nam,
khi vugt qua Miii Ca Mau dong chay ven bo van
chuyén trim tich theo huéng Tay Bic, Bic doc
theo bo tady ban ddo Ca Mau. Zuo Xue va nnk [8]
da str dung mot mo hinh tich hgp tinh toan van
chuyén tram tich, dong chay va song trén ving
bién ven bo va ving thém luc dia ciia ddng bang
song Ciru Long. Cac két qua mé hinh cho thiy
qué trinh van chuyén tram tich c6 bién dong mua
10 rét. Trong mua 1, mdt luwong 16n tram tich co
ngudn gdc tir sdong dugc phén toa va ling dong
ngay tai ving ctra séng, dén mua kiét, hoat dong
manh cua song va dong chay do gi6 mua Dong
Bic lam tai lo ling cac trim tich nay va mot
phan cua chung duoc van chuyén theo hudng
Tay Nam doc theo duong bd. Dé 1am rd hon co
ché va dac diém dong luc tram tich tai vung ctira
song ven bo dong bang song Ciru Long, Hartmut
Hein va nnk [9] dd dua ra mot khai niém maoi vé
su phat trién cua chau thd bang viéc tich hop
thém céc thanh phan dong chay doc bo trong
vung anh huéng cta nude do séng d6 ra (Region
of Freshwater Influence - ROFI) dya trén mo
hinh 1y thuyét ciia Wollanski va nnk [10, 11].
Céc cong bd cua ho ciing da chi ra rang, luong
tram tich min dugc van chuyén xudng phia Nam
di vao vinh Thai Lan 1a két qua cua su bat doi
xung theo mua cua hé thong gié mua va luu
lugng nudc song. Phan tich cac s6 liéu anh vé
tinh (MERIS) tir thang 1 ndm 2003 dén thang 4
nam 2012, Hubert Loisel va nnk [12] da xac dinh
dugc phan bd khong gian cua tram tich lo lung
tai 16p nudc mat theo mua. PO duc tang dan tir
thang 6 dén thang 12 cting v6i ngudn tram tich tir
song db ra ting dan, dat cuc dai vao thang 9 va

TAP CHi KHI TUQNG THUY VAN

S6 thang 05 - 2019

i)



@)

BAI BAO KHOA HQC

thang 10. Khi luu luong nude song giam, ndng
d6 tram tich lo limg van tiép tuc tang tai ving
bién ven b trong 2 dén 3 thang (thang 11 d&én
thang 1 nam sau). Piéu nay dugc 1y giai 1a do
hoat dong manh cua song trong gido mua Pong
Bic lam ting qué trinh tai lo limg tram tich tai
ving bién ven bo. Cac két qua nghién ctru ciing
cho thdy xu huéng van chuyén tram tich lo ling
vé phia Tay Nam trong mua gié Dong Bic.

Tuy nhién, c6 thé thiy hau hét cac két qua
nghién ciru vé bién dong tram tich lo lung tai khu
vuc nghién ctru dya trén cac mo hinh tinh toan,
ngay ca cac két qua phan tich anh vé tinh ciing
chi thé hién duoc bién dong theo phuong ngang
ctia 16p nude mit. Do d6, dé dong gop nhitng hiéu
biét 15 hon dic diém bién dong tram tich lo ling
tai khu vuc nay trong mua Id, s6 liéu do duc va do
mudi tai cac tram do mat rong khu vuc ctra song
Ctru Long do dé tai: “Nghién ctru dong luc thuy
van, xam nhap man va van chuyén trm tich cua
hé théng séng Ciru Long va dong luc ven bo, bao
gdm ca ban ddo Ca Mau” thyc hién trong thang

9/2013 da dugc xtur ly, phan tich va danh gia.

2. Nguén sb liéu

Dic diém bién dong theo khong gian va thoi
gian cua tram tich lo lung trong mua 1d nim
2013 tai ving cira séng ven bd dong bang song
Cuu Long dugc danh gié dya trén viéc phan tich
s6 lidu do duc va d6 mudi cia 65 tram do mat
rong trong thang 9/2013 (hinh 1). S6 liu d6 duc
va d0 mudi tr mat dén day tai tirng tram dugc do
bang thiét bi do chat lwong nudc da chi tiéu
AAQ1183s-IF do Nhat Ban san xuit v6i tAn xudt
do 12 0,2s c6 mot s6 lidu dé dam bao do phan giai
s6 lidu theo phuong thing dung du chi tiét (toc
d6 tha kéo 1a khoang 0,5m/s). Sau d6 cac sé liéu
dugc noi suy vé do phan giai thang dung 13 0,1
m dé co thé d& dang tinh toan va v& cac biéu do.
Anh huoéng cua tridu dbi voi cac didc trung phan
b tram tich 16 limg duoc phén tich dua trén s6
liéu triéu du bao cua Vién K¥ thuat Bién cho hai
tram Bén Trai va My Thanh (hinh 1) tai khu vuc
nghién cuu [13].
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Hinh 1. So do vi tri tram triéu du bdo, cdc tram khao sat mdt rong va mdt cat (A1, A2)
thang 9/2013

3. Pic trung bién dong ciia trim tich lo
Itrng tai vung ctra song Ciru Long mua lit nam
2013

Phan bd theo khong gian cua d¢ duc va do
mudi tai tang mit (trung binh trong 16p 1 m trén
mat) cung vi tri cac tram khao sat dugc thé hién
trong hinh 2a va 2b. Nhin chung, phan b theo
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khong gian cta do duc nguoc lai véi phan b ciia
d6 mubi. Do duc c6 xu thé giam dan tur vung cua
song ra vung ngoai khoi do anh huong cua
ngudn tram tich tir song d6 ra 16n trong mua li.
Tuy nhién ving c6 phan bb d6 duc cao chu yéu
tap trung tai khu vuc thang tir cira séng ra ngoai
khoi. Tai ving ctra song do duc co thé 1én téi gan

S thang 05 - 2019



800 NTU tai tram D30 (ctra Tranh Dé), hon 130
NTU tai tram D1 (ctra C6 Chiém). C6 thé thdy,
gia tri do duc tai cac tram khu vuc ctra Tranh bé
va Pinh An cao hon rat nhiéu so voi cac cua
song khac, ngay ca tai tram xa bd nhat nhu tram
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D25 d6 dyc tai ting mit ciing 1én dén 130 NTU.
Khu vuc bién ven bo Tra Vinh it chju anh hudng
truc tiép cua cira séng nén c6 do duc nho chi
khoang 10 dén 20 NTU va d6 mudi 16n tir 25
PSU dén hon 30 PSU (Practical Salinity Unit).
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Hinh 2. Phdn bé theo khong gian cua (a) doé duc va (b) do mudi tai td‘ng mat cung vi tri
cac tram khao sat

Phén bé thing ding cua d6 duc theo khong
gian bién ddi manh phu thudc vao vi tri quan tric
va thoi diém quan trac theo pha triéu. Hinh 3 va
5 thé hién phan bd théng dtng cua do duc va do
mudi trén mit cit Al va A2. Do cac tram trén
hai mat cat Al va A2 duogc do vao cac thoi diém
khac nhau v6i ddc diém pha triéu khac nhau nén
phan bd khong gian cua do duc va do mudi thé
hién rét 3 vai tro tac dong cua dong triéu theo
pha triéu (xem thém hinh 4 va 6). Trén mat cat
Al tai khu vuc cira Tranh Dé (hinh 3), tram D29
va D30 dugc do dac trong pha triéu rat véi bién
d6 triéu trong ngay 16n khoang hon 2,7 m, dong
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tridu két hop v6i dong chay ra do song da phan
téa tram tich va nuéc ngot ra ving cira song.
Phan bd d6 duc tai hai tram nay co xu thé tang
dan tir mat dén day, d¢ duc cuc dai dat téi hon
800 NTU tai tram D30, d6 mudi kha dong nhét
tir mat dén day (hinh 3 va 4). Trong khi d6 céac
tram D31, D32 va D34 dugc thuc hi¢n trong pha
triéu 1én, lac nay muc nudc bién cao lan truyén
ngugc vao vung ctra song ngdn can su phan toa
ctia trAm tich va nude ngot, do duc tai cac tram
nay suy giam nhanh chong tuy van thé hién xu
thé tang dan tir mat dén day, do duc tai tram D34
xa bo nhat chi con khoang 15 NTU.
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Hinh 3. Mdt cdt phdn bo thang dimg ciia (a) do duc (NTU) va (b) do muoi (PSU) tir cira séng ra
khoi (Mdt cat Al tir tram D29, D30, D31, D32 va D34) ngay 21/09/2013 tai cira Tranh Pé
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Hinh 4. Dao dong triéu dy bdo tai My Thanh (gan cira Tranh Pé) vao ngay 21/09/2013 va thoi
diém do ciia cdc tram twong vmg trén mdt cat Al

Trén mat cit A2 tai khu vuc cira C6 Chién
(hinh 5), phan bd thiang ding cua d6 duc lai co
xu thé giam dan tir mat dén day, tai 16p mat do
duc tai tram D3 xa bo nhit van 1én dén hon 40
NTU. Thém vao do, dd mudi thé hién sy phan
tﬁng 13 rét mic du hau hét cac tram duoc quan
trac trong pha triéu 1én ngoai trir tram D10 quan

s % ® & ® R @R R A G

Tram

trac trong pha triéu xudng. Piéu nay co thé do
bién do triéu Ién tai thoi diém quan tric nho chi
khoang 1,25 m. Cac gia tri 6 mudi nho va do
duc van con cao tai tﬁng mat 6 tram D3 cho théy
anh huong cua tridu trong pha triéu 1én nay la
khong 16n.

—_
(=2
-

D04 o

Tram

Hinh 5. Mdt cdt phdn bo thang dirg ciia (a) dé duc (NTU) va (b) do muéi (PSU) tir cira séng ra
khoi (Mdt cat A2 tir tram D10, D8, D4, D5 va D3) ngay 17/09/2013 tai ciea Cé Chién

Hinh 7 va hinh 8 thé hién bién dong theo pha
triéu cua phan b thang dimg d6 duc va d6 mubi
tai tram D2 phia ngoai ctra C6 Chién. Trong pha
triéu rat, dong triéu két hop véi dong chay song
dua nudc ngot c6 do duc cao ra xa phia ngoai
ctra song, phan bé thiang dung cua do duc va do
mudi tai tram D2 kha déng nhét. Khi muyc triéu
dat gia tri cuc tiéu, toc d dong triéu tai thoi diém

TAP CHI KHI TUQNG THUY VAN

nay nho lam cho qué trinh ling dong trim tich
tang manh. PJ duc tai tﬁng mat giam nhanh
chong trong khi do duc tai ting ddy tang (thoi
diém 18 gid 10 phut). Khi bat ddu pha triéu 1én,
anh hudng ctiia nude song giam dang ké lam cho
d6 duc tir mat dén day déu giam cung véi do 1a
su tang manh cua do mubi.
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Hinh 6. Dao dong triéu dy bdo tai Bén Trai (gan cira C6 Chién) vao ngay 17/09/2013 va thoi
diém do ciia cdc tram twong vng trén mdt cdt A2
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Hinh 7. Phdn bé thang dimg cia (a) do duc (NTU) va (b) do muoi (PSU) theo thoi gian tai

tram D2 ngay 16/09/2013 tai cira Cé Chién
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Hinh 8. Dao dong triéu dw bdo tai Bén Trai (gan cira Co Chién) vao ngay 16/09/2013 va cdc thoi
diém do khdc nhau tai tram D2
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Mot diém dic biét cling can duoc nhic t6i 1a
hau hét cac tram quan tric déu thé hién phéan b
thang dimg cua d6 duc va do mudi phu hop véi
vi tri va thoi diém do theo pha triéu, tuy nhién
c6 mot sb tram quan tric duoc su phan bd thfmg
dung cua d6 duc va do mudi khac biét (vi du
tram 31 va 48). Ca hai tram déu duge do vao thoi
diém trong pha triéu 1én véi bién d¢ triéu 16n hon
2m, vi tri déu ndm xa khu vyc cira séng (hinh 1
va hinh 4). Gia tri do mubi cao sudt tir mat dén
day dao dong quanh 30 psu va gia tri do duc tang
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mat nho (chi khoang 2 ntu tai tram D48 va 6
NTU tai tram D32) cho thdy cic tram nay gan
nhu khong con chiu anh huong cua khéi nude
ngot voi do duc cao tur song dora (hinh 9). Tuy
nhién, tai tﬁng day do duc tang dot bién 1én tGi
140 NTU. Hién tuong nay c6 thé lién quan t&i
qua trinh tai lo ling cua trdm tich do dong tridu
nhu da dugc dé cap trong nghién ctru cua Daniel
Unverricht va nnk [14]. Cac phan tich chi tiét vé
hién tugng nay s€ dugc thuc hi¢n trong nhirng
nghién ciru tiép theo.
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Hinh 9. Phin bé thang ding do duc va do mudi tai (a) tram D48 va (b) tram D32

Nhu vay c6 thé thay ché d6 thuy van song va
triéu déng vai trd 16n dbi voi phan bo tram tich
lo ling theo khong gian va thoi gian tai viung ctra
song Ciru Long trong mua Iii thang 9/2013. Bang
viéc phan tich tur cac s6 liéu khao sat thuc dia,
cac két qua nay ciing da cung cd thém nhiing
nhan dinh vé dic diém phan b theo khong gian
ctia tram tich lo ling tang mat trong mua 1ii cla
Zuo Xue va nnk [8], Hartmut Hein va nnk [9] va
Hubert Loisel va nnk [12].

4. Két luan

Trong nghién cru nay, dic diém bién dong

TAP CHi KHI TUQNG THUY VAN

tram tich lo ltng trong mua 1i thang 9/2013 da
dugc phan tich va danh gia bang viéc sir dung
céc s6 lidu khao sat thuc dia vé do duc va do
mubi két hop voi dic diém ciia ché do triéu. Cac
két qua phan tich sb liéu cho thdy phan b6 khong
gian va thoi gian cua d duc tai vung cura song
Cuu Long trong mua 1i thang 9/2013 chiu anh
hudng manh cua hai ché do dong luc chinh: ché
do thuy van tai cac ctra song va ché do triéu.
Theo khong gian, phan bd do duc cé xu hudng
giam dan tir viing cira song ra ving ngoai khoi
do anh hudng ctia ngudn tram tich tir song do ra
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cung voi hoat dong manh cua thuy tridu. Tai su tang dot bién cua d6 duc tai 16p sat day co thé
vung cira song do duc c6 thé 1én t6i hon 800  lién quan t6i qué trinh tai lo limg cua tram tich
NTU. Phan bd thiang ding cia d6 duc bién d6i  do dong tridu trong pha triéu 1én. Cac tram tai
phu thudc vao vi tri quan tric va thoi diém quan  khu vuc cua song Hau c¢6 do duc cao hon so voi
tric theo pha triéu. O mot sd tram quan tric duoc  cac tram tai khu vuc cta song Tién.

Loi cam on: Cong trinh nghién civu nay da dwoc cung cdp so liéu khdo sat tir Nhiém vu Nghi dinh
thu giita Viét Nam va Hoa Ky (2013-2015). Cdam on thac si Vi Hai Dang da cung cdp so liéu dé
hoan thién bai bao.
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CHARACTERISTICS OF SUSPENDED SEDIMENT VARIATION
DURING THE 2013 FLOOD SEASON IN MEKONG DELTA
COASTAL ESTUARINE AREA

Nguyen Ba Thuy', Vu Hai Dang?
"National Hydrological Forecasting Center
’Institute of Marine Geology and Geophysics, VAST

Abstract: Spacial and temporal variations in suspended sediment characteristics during the
2013 flood season in Mekong Delta coastal estuarine area have been elucidated based on analyz-
ing turbidity and salinity data of 65 stations in September 2013. The turbidity and salinity data from
the surface to the bottom are measured by AAQ1183s-IF instrument. The tidal influence to dynamic
characteristics of suspended sediment is analyzed based on tidal prediction data in the study area.
The results show that temporal and spatial distributions of turbidity in the Mekong estuary during
flood season are affected by two major dynamics regimes: hydrological regime in estuaries and tidal
regime. Spatial turbidity distribution tends to decrease gradually from the estuary to the offshore area
due to the sediment source from river together with strong activity of tide. In estuaries, turbidity can
be up to more than 800 NTU (Nephelometric Turbidity Units). Vertical turbidity distributions change
depending on location and time of observations and tidal phases. In several stations, there are sud-
den increases of turbidity in layers near the bottom up to 140 NTU, although salinity values from
surface to bottom are relatively high and the observation times are in flood tide phase. This phe-
nomenon may be related to the process of resuspension of bottom sediments by tidal current in flood
tide phase. In general, turbidities at Dinh An estuarine stations are higher than those at Tien branch
of Mekong estuarine stations.

Keywords: Suspended sediment dynamics, turbidity, salinity, tide, Mekong Delta coastal estu-
arine area.
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TINH PHAN POAN VA PAC PIEM PHAT TRIEN SONG
GIANH (doan Co6 Cang - Cira Gianh)

Nguyén Tién Hai', Vii Hai Ping', Nguyén Ba Thiy?

Tém tit: Trén co s dic diém hinh thdi ciia séng c6 thé xdc ldp sw phdt trién cia séng Gianh
(doan C6 Cang - Cira Gianh) gom 3 doan c6 déc diém khdc nhau nhw sau: i) Poan séng uén khiic
Cé Cang - Con Tién Xudn: dai 27,7 km, long séng hep (80 - 250 m), do sau day khéng én dinh (2 -
5 m), bdi boi ven bo phdt trién manh & bo 16i va hoat ddng x6i 16 dién ra manh & bo 16m dudi tac
déng chit yéu ciia dong e song; ii) Poan séng bén (réi): con Tién Xudn - Qudang Phii (dai 17,06
km): séng cé dang thang, long séng réng (800-2.200m), bdi boi giita song phat trién manh dwdi tac
déng cia dong chdy séng va thiy triéu, iii) Poan séng thang Qudng Phii - Cika Gianh (9,23 km):
song thang, rong (800 - 1.000 m), dg sdu ddy sdu lom (8 - 12,5 m), hoat ddng x6i 16 - boi tu dién ra
chii yéu & cira séng béi méi twong tac giita déng e bién (séng va thiyy triéu) va dong liec séng. Xu
thé phat trién chung ciia séng: i) Bién dong manh & doan séng udn khiic boi hoat dong x6i 16 - boi
tu tram tich; ii) Poan song bén: chi bién dong o khu vuc gitra song boi hoat dong xoi lo - boi tu cac
bai boi; iii) Trong doan song thang: khu vuc cira song cé thé dich chuyén hodc thu hep véi mike do

khong lon.

Tir khoa: Poan séng, Séng Gianh, X6i 16 bo, Uon khiic, Séng Bén.

Ban Bién tap nhan bai: 12/08/2018 Ngay phan bién xong: 15/10/2018 Ngay dang bai: 25/11/2018

1. Mé dau

Hé thong Song Gianh 1a 1 trong 5 hé thong
song thugc tinh Quang Binh, trong do, dong
chinh - séng Gianh (phan thugng luu c6 tén 1a
Rao Nay) co chiéu dai 1a 152km, bat ngudn tir
khu vuc ven ntii C6 Pi cao 2.017m thudc day
Truong Son, chay qua dia phan cac huyén Minh
Hoa, Tuyén Hoa, Quang Trach va B Trach dé
d6 vao Bién Pong tai Ctra Gianh. Séng Gianh c6
vai tro quan trong d6i véi moi truong va phat
trién kinh té - x3 hoi & khu vuc Bic Quang Binh
néi riéng, Quang Binh va Bic Trung Bo noi
chung.

O ha luu (hinh la), song Gianh phét trién
trong thung liing - ddng bang hep co do cao bé
mat dia hinh thép va duoc tao nén chu yéu bai
cac tram tich D¢ t&r b roi, do vay, tai khu vuc
nay, nhiéu doan bd séng bi sat 16 manh, giy ra
nhiéu thiét hai cho cac khu vuc dan cu, rudng
vuon, cong trinh xay dung... Hoat ddng nay ngay
Vién Pia chat va Pia vt ly bién, VAST
2Trung tam Du bdo Khi twong Thity vin Quoc
Gia
Email: nguyentienhai.2011@gmail.com

cang gia tang va tiép tuc de doa nhiéu cong trinh
(nha ga xe Itra, nha dan...) doc hai bo song, gay
ra tam 1y bat 6n cho nguoi dan mdi khi miia mua
dén. Tai nhitng doan bo bi sat 16 manh, dia
phuong da xay dung ke ung pho, tuy nhién, hi¢u
qua ctia giai phap nay rat thap (thdm chi con bi
song pha huy) do tinh nang chua dam bao boi
thiéu co sé khoa hoc, dic biét 1a thiéu cac thong
tin vé& quy luat phat trién ctia song v6i nhitng dic
trung dong luc cia ching. Nhiing thong tin vé
sat 10 bo ludn xuét hién trén cac phuong tién
thong tin, nhung hau nhu chua duoc quan tim
nghién ctru, ngoai viée dé xuét xay dung ké bao
v€ mat bo song.

O Viét Nam, dbi voi cac dong séng nodi
chung, cac nha nghién ctru chi yéu quan tim dén
su bién dong cua dong séng dudi goc do hoat
dong x6i 16 - bdi tu bo va cira song dudi tac dong
ciia mua 18, dong luc bién (¢ cira song)... Hau
nhu chua ¢6 nghién ctru nao quan tim dén tinh
giai doan phat trién hodc phan doan cua dong
song; do vy, cac giai phap ing pho véi cac bién
dong ctua dong song thuong bi dong hodc cé hi¢u
qua thap.

TAP CHi KHI TUQNG THUY VAN
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Trén co s6 tai liéu khao sat thue té cua dé tai
cap Vién Han 1am KH&CN Viét Nam: “Nghién
clru danh gia mot sb tai bién thién nhién dién
hinh (lut karst, truot 16 dat, x6i 16 bo song) & luu
vuc song Gianh, dé xuat cac giai phap phong
tranh, giam nhe thién tai va khai thac hop ly 1anh
thd” (VAST.05.05/17-18, thyc hién nam 2017 -
2018) két hop phan tich anh vién tham, phan tich
méi trong quan giita dong luc dong chay va vit

chét hai bén bo song..., bai bdo 1am sang t6 dic
diém va tinh quy luat ctia qua trinh phat trién cta
song Gianh ¢ ha luu; tir 36, dua ra nhitng nhan
dinh v& hoat dong x6i 16 - bdi tu bo va long song.
Céc két qua nay gop phan la co s khoa hoc phuc
vu cho cong tac g pho véi tai bién sat 16 bo
song va cua song ciling nhu dinh hudéng quy
hoach, khai thac, sit dung hop 1y, bén viing khu
vuc dong bang ven bién séng Gianh.

Hinh 1. Déi sanh séng Gianh, doan Cé Cang-Cira Gianh (a) va phdn logi cdc doan séng (b)
a.Thung liing - ha lvu song Gianh.

T1:Tuyén khéo st; == == == . Ranh gi6i doan soéng; C.tx. Con Tién Xuan; C.ng: Con

Ngua; C.qu: Con Quan; C.qgh: Con Quang Hai; C.s: Con Sé; C.k: Con Két; A: Ubn khuc Tién
Hoa; B: Udn khiic Long Chau; C: Udn khiic Vian Hoa.
b. Phan logi cac doan song [5].
b,. Poan song udn khuc: 1. Bo; 3. Triing (pool); 4. Bii boi (point bar).
b,. Poan song rdi: 1. By; 2. Bai boi gitta song; — — — Hudng dong chay.
b3. Poan song thang: 1. BY; 3. Triing (pool); 4. Bii bdi; —— —Hudng dong chay;

2. Phuong phap va tai liéu

Qua trinh phat trién ciia dong song phu thude
vao nhiéu yéu td, trong d6 mdi twong quan giita
dong luc dong chay song va vat chét noi dong
song chay qua 1a mot trong nhing yéu té hang
dau. Pong luc dong chay song phu thudc chi yéu
vao lugng mua va do déc dia hinh, & khu vuc ha

TAP CHI KHI TUQNG THUY VAN

Iuu gén ctra song, dong luc song con phu thudc
vao tac dong cua dong luc bién, nhat 1a tac dong
ctia dao dong triéu.

Vai tro cua vat chét trong luu vuc song ddi véi
str phat trién cua song phu thudc vao ban chét cua
vat chat (thanh phan, dic diém, tinh chat). Vi vat
chét 1a trAm tich b& roi (vat liéu nhém B: cat,
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bot...) [3], duong bd d& dang bi pha huy, bién
dong, con vat chit nhom A (c6 lién két: da bién
chat, da tram tich, d4 magma) [1], bd khé bi pha
huy va it bién dong. Mdi twong quan giita dong
lwc dong song va vat chit noi song ton tai 1 yéu
t6 quyét dinh hinh thai va ddc diém phat trién cua
song tai day.

V6i quan diém trén, tac gia s dung phan loai
song ctia Reineck va Singh [5] dé danh gia qua
trinh va xu thé phat trién cua song ¢ khu vuc dia
hinh dong bang c6 thanh phan vét chat 1a cac
tram tich bo roi. Phan loai nay st dung cac tiéu
chinh 1a: i) hé sé uén khiic k cua song (k dugc
tinh theo ty 1¢ giita chiéu dai song Lsg va chiéu
dai thung liing séng Ltl: k = Lsg/Ltl; ii) dic diém
hoat dong x6i 10 - boi tu bo va day song; iii) dic
diém dong luc dong chay cua séng. Poan song
duoc goi 1a doan udn khuc khi k > 1, gia tri k
cang 16n thi mirc d6 udn khuc cua song cang cao
(song udn khuc dén muc cao nhét dinh, c6 thé
xay ra hién tuong song cudp dong va tao nén hd
moéng ngya trén doan song udn khuc). Dong
song thing khik = 1.

Theo phan loai cua Reineck va Singh [5],
trong khu vuc dia hinh dong bang trim tich bo
o1 ¢6 3 dang (doan) song sau:

+ Poan song udn khuc (Meandering channel,
hinh 1b1): séng c¢6 dang séng udn khiic (ngoan
ngoéo, k >1).Trong dang séng nay, hoat dong bdi
tu bai bdi ven bd phat trién manh & phia bo 16i va
x6i 16 manh bd va day ¢ phia bo 16m ddi dién do
sy mét can doi vé toc do dong chay ven bo (toc
d6 dong ven b phia bo 16i bang 10 dén 20% so
v6i dong chinh, trong khi ¢ phia bd 16m, tée do
nay cao hon). Mot doan song udc khiic, c6 thé co
tir 1 dén nhiéu doan udn. Mot doan song chi co 1
khtc udn, c6 thé goi 1 doan song udn khuc don
(hinh 2), c¢6 nhiéu hon 1 khuc 1a da udn khuc,
hinh 1b1).

+ Doan sdng bén (song 101, Braided channel,
hinh 1b2): doan séng thang, nhung chiéu dai
khong qua 16n so voi chiéu rong cua song, do sau
day séng nho va kha 6n dinh. Poan soéng nay
thuong 14 noi vat lidu bdi tich do séng chuyén tai
dugc tram tich, ling dong tai day do tuong tac
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cua dong luc dong chay song voi dong luc khac
(dong luc bién) hoac do tbc do dong chay song
suy giam boi thay doi huéng chay hodc do doc
day song (d6 dbc thuy luc). Do cac yéu to trén,
dong séng tao nhiéu phan nhanh c6 hudng léch
nhau (phan tach hodc tai hop) do su xuét hién ctia
cac bai boi gitta song. Trong mua can, dong chinh
dugc chia thanh nhiéu dong phu, con trong mua
mua 1d, s6 lvong dong phy giam hodc khong ton
tai do muc nudc séng dang cao. Cac bai boi giita
song c6 xu thé ludn bién dong, nhét 1a v& hinh
thai bo bii bdi. Poan song réi thudng co mat
khong xa bd bién va 1 noi “tiép xtc va twong
tac” dau tién giita dong lyc dong chay soéng va
hoat dong thuy triéu.

+ Poan song thang (Straight channel, hinh
1b3): doan song dang kéo dai thang (chiéu dai
gip nhiéu 1an chiéu rong), do sau day thuong
khong co su on dinh, ma co su xen ké& gitra doan
c6 do sdu 16n (pool), bd c6 thé bi bién dong
khong dang ké boi hoat dong bdi tu va x6i 16 b
v6i mirc d6 thdp. Pong luc chinh chi phdi phat
trién cua doan song nay 1a dong lyc dong chay
song. Xu thé tién hoa clia séng thiang 1a chuyén
dan thanh dang song udn khuc, nhung véi thoi
gian kha dai.

Dbi v6i song Gianh, doan C6 Cang - Cira
Gianh la doan cudi cua song Gianh (noi séng d6
vao bién), vi vdy, trong doan song ndy it nhidu
chiu tdc dong cua dong luc bién, nht 12 tai khu
vuc ctra song, hay goi la déi ctra song [2]. Do dac
diém nay, viéc phan loai doan song ¢ khu vuc cira
can dugc xem xét thém yéu td dong luc bién.

Dé thyc hién nghién ctru trén, tic gia str dung
hé phuong phap gém: khao sat thuc té (2 tuyén
doc bd va 7 tuyén ngang séng, bang 1), phan tich
anh vién tham (anh landsat chup thang 12/2014,
phén giai 30m), tai lidu ké thira (ban d0 dia chat,
dia hinh) va phan tich - luan giai mi trong quan
gita cac ddc diém cua song v6i quat trinh phat
trién c6 tinh phan doan cta dong séng. Tai liéu
diéu tra, khdo sat thuc & 1a tai lidu cua dé tai
VAST.05.05/17-18 néu trén. Nhan dip nay, tac
gia chan thanh cam on dé tai da cho phép st dung
cac tai liéu trén.

TAP CHi KHI TUQNG THUY VAN
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Kinh P

Hinh 2. Sor d6 thé hién 2 uén khiic manh thudc doan song Co Cang - con Tién Xudn cé vi tri twong
ung voi dogn B (uon khiic Long Chdu) va C (uon khiic Van Héa) trén so do la
W Song; 1. Bo song; 2. Bdi boi ngam ven bo; la, 1b, 1c. Thé hé bai boi ven bo

Bang 1. Thong ké cdc tuyén, diém khao sdt day song Gianh, thang 4-5/2018 (dé tai
VAST.05.05/17-18)

Tuyén 1 QBIII - 4.018/1 (17°758723 N - 106°543321 E)
Vi tri (so Céch bo Nam Céch bo Céach bo Céch bo Céach bo Céch bo - Triéu lén
véi bo Sm Nam 8m Nam Nam 250 Nam Nam trung binh
Nam) 100m m 280m 295m
Do sdu (m) 0,5 6,0 4,0 3,0 2,5 1,8 -
Tuyén 2 QBIII - 4.018/2 (17°176146 N - 106°319400 E)
Vi tri (so Céch bo Nam Céch bo Céch bo Céch bo Céach bo Céch bo - Nt
voi bo 150m Nam Nam Nam Nam Nam
Nam) 190m 250m 270m 330m 370m
Do sdu (m) 1,0 2,0 2,5 2,0 2,0 3,5 -
Tuyén 3 QBIII - 4.018/3 (17°769440 N - 106°295267 E)
Vi tri (so Cach bo Céch bo Céach bo Céach bo Céach bo Céach bo - Nt
voi bo Nam2m Nam 7m Nam Nam 70m Nam Nam270m
Nam) 27m 210m
Do sdu (m) 0,5 8,0 4,5 2,0 1,5 1,0 -
Tuyén 4 QBIII - 4.018/4 (17°787926 N - 106°273532 E)
Vi tri (so Cach bo Cachbo Cach bo Cach bo Cach bo Cach bo Cach bo Nt
vOi bo Nam 10m | Nam 20m | Nam 40m | Nam 50m | Nam 57m Nam Nam
Nam) 330m 336m
Do sdu (m) 0,8 1,3 3,0 6,5 6,5 4,5 2,8
Tuyén 5 QBIII - 4.018/5 (17°758772 N - 106°537289 E)
Vi tri (so Cach bo Cach bo Cach bo Cach bo Cach bo - - Nt
voi bo Nam 10m | Nam 24m Nam Nam 284m | Nam434m
Nam) 134m
Do sdu (m) 0,5 1,5 3,5 5,0 5,0 - -
Tuyén 6 QBIV -4.018/1 (17°360373 N - 106°333837 E)
Vi tri (so Cach bo Cach bo Cach bo Cach bo Cach bo - - Nt
voi bo Nam 100m | Nam 250m Nam Nam 540m | Nam 590m
Nam) 400m
Do sdu (m) 5,0 7,0 11,5 8,0 5,5 - -
Tuyén 7 QBIV -4.018/2 (17°571282 N - 106°543486 E)
Vi tri (so Cach bo Cach bo Cach bo Céch bo Cach bo Cach bo Cach bo Nt
voi bo Nam 20m Nam Nam Nam 500m Nam Nam Nam 830m
Nam) 150m 320m 550m 680m
Do sdu (m) 1,0 3,0 6,0 10,5 12,0 12,5 2,5

3. Két qua phan tich, phian doan song
Gianh

3.1. Dac diém dong chay song Gianh

Séng Gianh c6 d6 doc trung binh 19,2%,
lugng nudec nam 7,95km?* ung voi luu lugng
nudc trung binh nam 252m?/s, moé dun dong
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chay nam 53,8 1/s.km? [4]. Mua 1ii tir thang 9 dén
thang 11, chiém khoang 60-75% luong dong
chay hang nam. Dong cat bun khoang 1,93 x 105
tAn/nam, ung véi do duc trung binh nam
192g/m?*.

Trong mua mua myc nudc song thuong cao,

)
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nhat 1a khi c¢6 mua to. Nhitng nim nudc song
dang cao ky luc do mua 16n 1a cac nam 1995,
2007 va 2016.

3.2. Dic diém dia mao - dia chit

S6ng Gianh, doan tir C6 Cang dén cira Gianh
phat trién trong thung ling hep va md rong vé
phia ha luu (hinh 1a) v6i dai khoang 60km, chiéu
rong 6-18km, d) cao tuong dbi 0,5- 6m, nghiéng
thoai tir Tay sang Pong va dugc tao nén boi cac
tram tich Dé ta [3]. Chay doc ria Bic va ria Nam
thung liing song 14 dja hinh d6i nui c6 d6 cao dao
dong 20 - 400m.

Tao nén dia hinh doi nui doc ria Béic thung
liing séng 1a cac hé ting Dong Trau (T2a dt) va
Pong Do (T3n-r dd) con ria thung liing phia
Nam song 1a cac hé ting: Ban Giang (D2ebg),
Muc Bai (D2mb), Bong Tho (D3frdt), La Khé
(C11k) va Bic Son (C- Pbs) [3]. Trén dia hinh
ddi nui, do che pht thye vat mirc d¢ trung binh.

Tang mat dong bang thung ling song (phat
trién trén nén cac thanh tao cd) la cac tram tich
D¢ tir bo roi (cat, bdt, san, sét) thudc cac hé téng
Lé& Ninh (apQ11-2In), T Loan (m,aQ13t]), trdim
tich Holocen gitra (amQ22) va tram tich Holo-
cen mudn (a,mvQ23) [3]. Hé ting Lé Ninh va TG
Loan phan bd voi dién nho, hep chu yéu O ria
thung liing, trAm tich Holocen giita chiém dién
tich phan 16n dong bang, con tram tich Holocen
muodn phan b6 doc theo bo song hién tai va tao
dai con dun cat ven bién.

2.3. Pic diém song Gianh tir Cé Cang dén
Cira Gianh

Theo dic diém cia song (nhat 1a hé sé udn
khiic k), ¢6 thé chia séng Gianh tir C6 Cang dén
Cira Gianh gdm 3 doan (tir thuong luu - xudng
ha luu): C6 Cang - cdn Tién Xuén, con Tién
Xuan - Quang Phu va Quang Phu - Ctra Gianh.

+ Poan séng C6 Cang - c¢on Tién Xuan co
chiéu dai 27,7km (twong tng chiéu dai thung
liing 1a 20,8km), séng c6 dang udn khic véi hé
s6 ubn khuc khoang 1,33, chiéu rong song dao
dong trong khoang tir 80m dén250m. Trong
doan song nay, dong luc dong chay song thong
tri, hoat dong boi tu phat trién manh & bo 10i,
trong khi x6i 1¢ dién ra manh & bo 16m ddi dién.
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Trong doan s6ng ndy c6 mot sd phu doan udn
khac véi muc do khac nhau: i) Phu doan C6
Cang - Quang Tién dai 17,61km (thung liing dai
13,15km), muc do udn trung binh (hé s6 udn
khuc 1a 1,30); ii) Phu doan Quang Tién - con
Tién Xuan dai 10,62km (thung liing dai 7,62km),
muc d6 udn cao hon phu doan trén (hé s6 udn
khac 1,34). Phu doan udn khiic song thu 2 gém
2 khitic uén manh (h¢ s6 k > 1,35 [5]) tao nén
hinh chit S, d6 1a uén khuc Long Chéu (bd 15i
huéng vé phia Bic, hé s6 k = 1,6, hinh 2B) va
u6n khac Van Hoa (bd 16i hudng vé phia Nam,
hé sb k = 2,0, hinh 2C).

+ Poan song con Tién Xuan - Quang Phu dai
17,06km (chiéu dai thung liing khoang 17km),
chiéu rong song 16n (dao dong tir 800m dén
2.200m), do sau thay doi tir 5 &én 11,5m. Trong
doan song nay, co 6 dao (bai bdi giita song):
Quang Hai (dai 3,8km, noi rong nhét 1a 800m),
Tién Xuan, Con Ngua, Con Quan,Con Sé va Con
Két (hinh 1a). Hoat dong x6i 16 - bdi tu dién ra
chu yéu doc theo bd cac con, noi dién ra manh
nhit x6i 16 bé 13 doan bd Bic cta con Quang Hai
(chiéu dai x6i 16 khoang 2km véi toc d6 khoang
15m/nam, két qua diéu tra thuc té ndm 2017).

+ Poan song Quang Phu - Ctra Gianh c6 dang
thang, dai 9,23km, chiéu rong 800-1.000m, do
sdu day 8-12,5m. Doc 2 bo song, doi chd xay ra
X061 1 - bdi tu voi mie d6 nho, trong khi & phia
cura song, hoat dong bdi tu dién ra manh & bd
Nam, con x6i 16 dién ra manh & ctra phia Bic.

3.3. Thdo lugn

Tur cac dac diém cia cac doan song néu trén,
d6i sanh véi phan loai cua [5], c6 thé xac lap: 1)
doan song tir C6 Cang dén cdn Tién Xuan la
doan séng da udn khic v6i muc trung binh, trong
d6 ¢6 2 khiic uén don véi mirc cao 1a udn khic
Long Chau va udn khac Van Hoéa (hinh 2); ii)
doan séng con Tién Xuan - Quang phu 13 doan
song rdi (song bén) va iii) doan séong Quang Pha
- Ctra Gianh 1 doan song thing.

Vé su phat trién cua song, trén co s dac
diém, tinh phan doan, quy luat xu thé phat trién
cua dong song va phan tich - danh gia hoat dong
x6i 16-boi tu & song, co thé dua ra mot sd nhan
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dinh vé su phat trién cta séng trong thoi gian téi
nhu sau.

Poan song uén khiic Co6 Cang - con Tién
Xuan tiép tuc gia ting do ubn khuc, nhat 1 &
phia Nam, noi c6 mit 2 uén khic don Long
Chau va Van Hoa. Trong tuong lai, tai day c6
thé xay ra hién tugng cudp dong ma két qua co
thé tao nén 2 hd dang méng ngwa bén bo Bic va
bo Nam ctia song. Dong luc quyét dinh su hudng
phét trién ctia doan song udn khuc nay 1a dong
luc dong chay song.

Poan s6ng réi (con Tién Xuan - Quang Phiic)
it bién dong vé ca 2 by Bic va Nam song, chiéu
do sau rong song va do sau day song kha 6n
dinh. Trong doan séng nay, yéu t6 co thé bién
dong manh va thuong xuyén 1a bd cac bii bdi
giita song (5 con giita séng). Pong lyc chinh

quyét dinh phat trién doan séng nay 1a mdi twong
tac gitra dong luc dong chdy song va tac dong
ctia nude tridu dang. Do mdi twong tac dong luc
nay, tai khu vuc gitra song, hoat dong bdi tu hodc
x6i 10 dién ra manh bo bii boi giita song. Trén
thyc té, bo Béc bai bdi Quang Hai dang bi x6i 16
rat manh (x6i 16 kéo dai 800m véi téc do khoang
16m/nam).

Poan séng Quang Phiic - Cira Gianh, chiéu
rong va do sau day song it bién dong, nhung khu
vuc ctra song co thé bi bién dong kha manh do
anh hudng cua dong luc bién, nhat 13 hoat dong
ctia song bién. Su bién dong nay hoan toan phu
hop quy luat cua tu nhién. Theo Nichols va
Biggs, (1985) [2], khu vuc ctra song dugc goi la
déi bién - song, noi dong luc bién wu thé so véi
dong luc song.
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SEGMENTATION AND CHARACTERISTICS OF THE DEVELOP-
MENT OF GIANH RIVER (from Cocang to Cuagianh)

Nguyen Tien Hai!, Vu Hai Dang!, Nguyen Ba Thuy?
nstitute of Marine Geology and Geophysics, VAST
“National Hydrological Forecasting Center

Abstract: On the basis of morphological characteristics of the river and according to the clas-
sification of the river, the paper establish the development of the Gianh River (from Cocang to Cua-
gianh) which consists of three channels with different characteristics as follows: i) Meandering
channel from Cocang to Tienxuan island: the length of the channel is 27.7km and the width of the
channel is 0.08-0.25km and the depth of river is unstable (2-5m). The accretion activities develop
strongly at the convex side, while erosion occurs strongly in the concave side by the main impact of
the river dynamics; ii) Braided channel from Tienxuan island to Quangphu. The channel is straight,
the length of the channel is 17.06km and the width of the channel is 0.80-2.2km. Alluvial grounds
develop by the influence of river flow and tides,iii)Straight channel (fromQuangphu to Cuagianh):
The channel is straight, the length of the channel is 27.7km and the width of the channel is large (0.8-
1.0km) and the depth of river is 8-12.5m. The erosion and sedimentation activities occur mainly in
estuaries by the influence of marine dynamics (waves and tides) and river flow. The general trend
of the development of river: i) strong changes in the meandering channel by erosion and accretion
of the sediment, ii) Braided channel mainly changes in the bottom by erosion and accretion of the
channel bar, iii) In Straight channel (fromQuangphu to Cuagianh), the mouth of the river can be
moved or narrowed with a small extent.

Keywords: Segment, Gianh River, Erosion brank, Meander, Ben River.
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DPANH GIA ANH HUONG CUA BIEN POI KHI HAU TOI
XOI LO PUONG BO BIEN NGHE AN

Poan Quang Tri', Nguyén B4 Thiiy?, Nguyén Thi Thiy"

Tém tit: Hién twong xoi I6 bo bién gdy nhiéu thiét hai vé nha cira, cong trinh va anh huong dén
doi séng ciia nguwoi dan & khu vuee ven bién. Panh gid dnh hiedng ciia x6i 16 dieong bo do anh hwong
cia bién doi khi hdu doi véi khu vue dwong bo Nghé An dp dung két hop mé hinh séng STWAVE va
mé hinh bién doi dwong bor GENESIS véi cdc kich ban bién doi khi hdu nam 2030, 2050 va 2100.
Puwong bo khu viee Nghé An dwoc phén thanh 6 doan dé dp dung trong mé hinh GENESIS. Két qua
mé phéng va tinh todn cho cdc kich ban bién déi khi hdu dwong bo ciia 6 khu viee dd chi ra rang toc
¢ bién dong dwong bo giam dan theo thoi gian, sau nam 2030 ¢é su bién dong rat 1om, sau dé toc
dé giam dan t6i kich ban 2050 va 2100 nam. Mét s6 noi xdy ra x6i 16 manh tdp trung chii yéu ¢ cdc
viing ddt nhé ra bién, cdc vimg cira séng dién hinh la 2 cira séng: Cira Lo va cira Hoi. Mot s6 noi
dwoe boi, dién hinh nhw khu vuee xa Quynh Tho - Son Hdi, viing ven bo xd Quynh Hiurong. Két qua
nghién civu da chi ra dwoc xu thé x6i 16 dwong bo theo quy ludt dién bién tw nhién, tir do sé vach ra
canh bdo nguy co tai bién x6i 16 dwong bo cho cw din va chinh quyén dia phirong sém da ra bién

phap khdc phuc.

Tir khoa: X6i 6 duwong bo Nghé An, STWAVE, GENESIS, Bién doi khi héu.

Ban Bién tap nhan bai: 24/5/2018  Ngay phan bién xong: 12/7/2018

1. Pit van dé

C6 rat nhiéu yéu t6 ca vé tu nhién 1an con
ngudi anh huong dén x6i 16 dudng bo. Nhimng
nhan t6 khi hiu tac dong dén x6i 16 duong bo
phai ké dén: nudc bién dang, nude dang do bio,
cac dac trung cuc tri cta cac yéu t6 khi khi tuong
thuy van, cac hién tugng khi tugng thuy van
nguy hiém déu c6 thé gdy anh hudng truc tiép
hodc gian tiép dén x6i 16 duong bo [1]. Pia hinh
dudng bd ven bién c6 thé bao gom céc bai cat,
bun 13y duoc bao vé boi da cing, rimg ngap man
ven bién d chi ra su thay d6i khac nhau di véi
qué trinh x6i 16 va bdi ty ven bién [2]. Tuy nhién,
cac qua trinh dong luc hoc cua cac hoat dong ven
bo thudng rat phic tap gdy anh hudng truc tiép
va gian tiép dén x6i 16 bun cat va bdi tu ven bién,
ving cira séng. Bird (2008) [3] da chi ra 21 yéu
t6 co thé anh huong dén sy thay ddi duong bo
ven bién, bao gdm ngap lut, suy giam ngudn
cung cép phu sa, ting ngudn ning luong song,

Ngay ding bai: 25/8/2018

tang cuong do va tan suit bao va su suy giam
thuy triéu. Trong s6 d0, qua trinh thiry dong luc
hoc (s6ng, thuy tridu va dong chay) va khi dong
hoc (gi6) 1a nhan té tic dong chinh dén su thay
d6i cua dién bién duong bo [3-5]. Ngoai ra,
nhimg thay ddi vé sir dung dit do con nguoi gy
ra ciing lién quan dén phat trién duong bo ven
bién va ap lyc gia ting dan sé dang lam thay ddi
cac qué trinh dia mao, dia chat va thuc déy
nhimg thay d6i dién bién dudng bd ven bién [6-
9]. X6i 16 bo bién 1a mot trong nhiing hién tuong
tryc quan va dé dang nhén thiy trén dai bd bién.
Hién tuong x6i 10 bd bién gay ra nhiéu thiét hai
cho nha ctra, cong trinh, dét dai canh tac, anh
hudng dén san xuat nong nghiép va sinh hoat cua
nhan dan ving ven bién. M6 hinh héa 1a mot
cong cy hiéu qua dugc ing dung dé mo phong va
du tinh sy thay d6i dién bién dudng bo [10-13].
Nghién ctru ap dung mé hinh STWAVE véi dau
vao 1 trudng gio tai phan tich trén khu vuc bién

Tap chi Khi twong Thity van, Tong cuc Khi twong Thity van, Ha Noi
’Trung tam Dy bdo Khi twong Thiy van quoc gia, Tong cuc Khi

twong Thuy van, Ha Noi
Email:doanquangtrikttvi@gmail.com
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Nghé An. Thyuc hi¢n danh gia x6i 16 bo bién do
bién d6i khi hau ap dung mé hinh s6 tri GENE-
SIS dé mo phong bién dong dudng bo theo mot
s6 kich ban bién d6i khi hau ndm 2030, 2050 va
2100.

2. Phuong phap nghién ctru va thu thap tai
liéu

2.1 Gidi thiéu khu vue nghién ciru

Nghé An 13 mot tinh thuéc ving Bic Trung
B9, tinh Nghé An nim & Dong Béc diy Truong
Son, dia hinh da dang, phuc tap va bi chia cit
boi cac hé théng doi ndi, song, sudi, hudng
nghiéng tir Ty Bic xuéng Péng Nam. Nghé An
¢6 chiéu dai bo bién 1a 82 km, bat dau tir phia
Bic 1a xom Pong Minh xd Quynh Lap, huyén
Quynh Luu, kéo dai vao dén Cua song Ca tai
Phuong Nghi Hai, thi xa Ctra Lo (Hinh 1). Hang
nam khi chua c6 cac rimg cdy, tuyén dé bao vé
ving bo bién Nghé An bi x6i 16 boi song bién
do bio, thuy triéu va nudc dang. Hang nam trung
binh bi x6i 16 vai mét, c6 nhitng ving xd4i sau
hon nhu ving bd bién xd Quynh Long, Quynh
Thuan huyén Quynh Luu, hang nim soéng bién

BAI BAO KHOA HQC

do bao, nudc dang da lam khoét sau vao vung
dan cu, mdi ndim khoang 3 - 5m, lam cho mot sb
nha dan phai so tan vao trong. Nhan dan phai
trong cay st vet va cdy phi lao dé ngan su x6i 16,
song x6i 16 cr tiép dién. Néu tinh trén ca chiéu
dai ving bd bién, thi hang nim dat bi x6i 1o
khoang 15 - 20ha dat; 1am hang chuc nha dan hu
hong, phai di doi di noi khac. bén nay, dugc sy
dau tu ciia Nha nudce, ving ven bién Nghé An da
dugc xay dung nhiéu tuyén dé, ké nhim ngin
chan su x6i 1& cta bo bién. Tuy nhién, hi¢n nay
con mot sb vung bo bién van bi x6i 1& do chua ¢6
cong trinh nhu ving bién xa Quynh Lap huyén
Quynh Luu, x4 Nghi Thiét huyén Nghi Loc. Mat
khac, thoi tiét, khi hau phure tap ciing tao thém
x6i 16 cac ving bo bién khac, 1am hu hong cac
tuyén dé da duoc xdy dyng, nang cép.

2.2 Thu thép sé liéu

a) S6 liéu dia hinh

Dia hinh d4y bién khu vuc Nghé An duoc lay
tir ban dd ty 1& 1/10.000 do cuc xuit ban ban d6
cung cép (Hinh 2).
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COnd Module Oepth

Hinh 1. (a) Phdn b6 s6 liéu dia hinh ddy bién khu viec Nghé An; (b) Truwong do dia hinh day bién
khu viee Nghé An

b) 86 liéu dwong bo
Trén co s& ban do s6 khu viue Nghé An chiing

t6i da trich xuat dudng bd khu vuc Nghé An
phuc vu tinh toan, danh gia bién dong dudong b
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bang mo6 hinh GENESIS (Hinh 3).

¢) S6 liéu séng

S liéu song duge tinh toan tir md hinh song
STWAVE véi dau vao 1 truong gié tai phan tich
trén khu vuc bién Ngh¢ An trong 3 nam, budc
thoi gian 3 gio. Két qua cua md hinh STWAVE
dugc trich xuét tai 6 diém ngoai khoi twong timg
véi 6 doan bo da xac dinh (Hinh 2).

Hinh 2. Puong bo va vi tri cdc diém trich xudt
gia tri song khu viwee Nghé An

2.3 Ung dung mé hinh tinh todin xéi 1o
duong bo

Thuec hién danh gia x6i 16 bo bién do bién doi
khi hau bang ap dung mo hinh s6 tri GENESIS
dé mo phong bién dong duong bo theo mot sb
kich ban bién d6i khi hau nam 2030, 2050 va
2100. M6 hinh GENESIS 1a mé hinh mét chiéu
vi vy viéc ap dung mo6 hinh cho nhitng doan bo
phtre tap can nghién ctru k¥ ludng dé phan doan
dudng bo tinh toan cho dat hi¢u qua mo phong
cao nhat. Pdi véi duong bo bién thudc khu vuc
tinh Nghé An, day 1a doan duong bo phtic tap, co
nhiéu doan udn khtc. Dya vao dic tinh cua
dudng bd viing bién nay chang t6i da phan doan
bo bién Nghé An thanh 6 doan bo bién dé ap
dung trong mo6 hinh GENESIS:

+ Poan 1: Pudng bo bién thudc xd Quynh

TAP CHI KHI TUQNG THUY VAN

Lap dén xa Quynh Huong;

+ Poan 2: Puong bd bién thuoc xa Quynh
Huong dén x3 Quynh Nghia;

+ Poan 3: Puong bd bién thuoc xa Quynh
Nghia dén Quynh Tho;

+ Poan 4: Puong bd bién thuoc xa Quynh
Tho dén Dién Trung;

+ Poan 5: Puong bo bién thude Dién Trung
dén Cua Lo;

+ DPoan 6: Buong bo bién thudc Cira Lo dén
Cua hoi.

2.4 Gi6i thiéu vé mé hinh STWAVE

Viéc ap dung md hinh STWAVE la dé xac
dinh sy thay ddi trong cac tham sé song (chiéu
cao song, chu ky, hudng va phd song) giita ving
ngoai khoi (noi ma truong song tuong dbi dong
nhat trén quy mé dam) va ving ven bo (khu vue
song bi anh huong manh mé boi sy thay dbi cia
dia hinh, d¢ sau nudc, va dong chay. Cac tham
s6 song & gan bo thay dbi dang ké trén quy mo
ctia hang chuc dén hang trim mét. Thong tin
song viing ven bd rat can thiét cho viéc thiét ké
ctia hau hét cac du an ky thuat ven bién. Séng
tao 1én van chuyén bun cat va dong chay ven b
gay ra song leo, kich thich cac dao dong riéng
trong cang, anh huong dén ludng lach va tac
dong Ién hinh thai duong bo. Hinh dang duong
bd va mat cat vudng goc voi bd dbi vai chidu cao
va huéng song rat quan trong trong cac nghién
ctru vé van chuyén tram tich va dong ven bo. Véi
cong nghé quan tric trudong hién tai khong thé
cung cap day du va chi tiét cac tham sé vé truong
song. STWAVE duogc xay dung nhu 1a mdt mo
hinh 6n dinh. STWAVE chi tinh dén khuc xa
nude ndng tuyén tinh, do d6 khong dai dién cho
truong hop song khong dbi xtung. Vi vay lam
giam d6 chinh x4ac mé hinh (chiéu cao song thién
thip) dbi v6i nhitng song 16n trong ving nudc
ndng. Sy tuong tac song va dong chay mo hinh
dua trén gia dinh 1a khong thay d6i theo cot
nuée. Néu gradient dong chay theo chiéu thing
dung 16n xay ra, thi hi¢u tmg khuic xa nude nong
khong dugc tinh dén trong mé hinh. D6i véi hau
hét cac ung dung, truong dong chay 3 chiéu
khong dugc tinh dén. STWAVE phién ban 3.0

12)

S thang 08 - 2018



12 mé hinh phd song 6n dinh. Nhitng tng dung
cia STWAVE 1a cung cdp mot s6 mo hinh
truyén song va song phat trién do gié ving ven
bo mét cach linh loat, dé sir dung va c6 tinh ing
dung cao. Phién ban 3.0 dugc ning cip tir phién
ban 2.0 [14-15]. Hinh 3 cho thdy vi tri cua

Somp ngodd e
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STWAVE két hop véi GENESIS, trong d6
STWAVE cung cép chiéu cao va huéng song tai
duong tham chiéu gan bo, tir 6 GENESIS sir
dung md hinh ndi tai dé tinh truyén song dén
duong song va.

Dirliéu & hink

E STWAVE
; | Then 55 56ng | Tham 36 45 sin
[ i tri dueng b | x : Thist Lig i Heh, di6u kién
'y = GENE! p— 3
| trang qui kkir B s | hén che Srukinkhie |
__—l_ L]
| Sing 10 Tocdjvin chuyén
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S thay dbi Birang b

Hinh 3. Biéu do két hop tinh todn ciia mé hinh GENESIS va STWAVE

2.5 Gidi thiéu vé mé hinh GENESIS

Nghién ctru tinh toadn va danh gid xoi 1¢ bo
bién khu vuc Nghé An di ap dung mo hinh sé
tinh toan bién d6i duong bd do tac dong cua cac
diéu kién khi hau. M6 hinh dugc ap dung trong
nghién ctru nay 1a mé hinh GENESIS dugc tich
hop trong bo phan mém SMS. Tir cac két qua mo
phong bién d6i duong bd dé dua ra nhitng danh
gia vé xu thé bién dong dudng bd trong mot s6
kich ban bién d6i khi hau. GENESIS mé phong
su bién doi duong bo giy ra boi bién thién cua
luong van chuyén bun cat doc bo trong khong
gian va theo thoi gian [16-17]. M0 hinh cling
tinh dén anh hudng ciia nudi dudng bai va lugng
bun cat tir trong song d6 ra. GENESIS khong c6
kha ning mo phong van chuyén bun cat ngang
bd. Mo hinh GENESIS ¢6 thé du doan vi tri clia
duong bo bién doi trong khoang thoi gian tir vai
thang dén vai nam; thich hop nhat d6i v6i nhimng
truong hop c6 mot xu hudng bién doi dudng bo
dai han va c6 quy luat, chéng han su thoai lui
dudng bo phia khuit cia mot dap mo han hoic

su phat trién ciia duong bo phia sau mot dap pha
song. M6 hinh khong thé mé phong duogc cac
bién dong ngau nhién cua dudng bd ma khong
c6 xu thé rd rét, ching han bién d6i ciia dong ven
bo do diéu kién song khac nhau, hodc bién doi
ctia b bién tai lach triéu, bién doi dong chay gay
ra do gi6, hodc van chuyén bun cat ngang bd
trong cac tran bdo. M6 hinh bién d6i dudng bo
GENESIS, tong quat hoa tir mé hinh giai tich,
nhung xét t6i nhiéu yéu t6 phirc tap hon nhu
cong trinh, song, cac diéu kién bién diéu kién
ban dau... Ngoai ra, cic ngudn bd sung bun cat
nhu nudi bai, bd sung bun cat tr cura song, hodc
cac hoat dong khai thac cat déu duoc xét dén.
Phuong trinh co ban cua bién d6i duong bo:
Chon hé toa do Dé-cac véi truc x hudng song
song voi duong bo va tryuc y hudng vuong goc
v6i b ra ngoai khoi. Xét doan dudng gan bo A,
trong khoang thoi gian At dich chuyén mot doan
Ay. Néu pham vi thay ddi tir mat cét 1a tir thém
béi (cao do Dy) xudng t6i do sau gidi han van
chuyén bun cat (D) thi thay d6i thé tich bun cat

TAP CHi KHI TUQNG THUY VAN
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trong thoi gian At la:
AV = AxAy(D, +D,) e)
Trong d6 chénh léch van chuyén bun cat (Q)
theo huéng doc bo (x), da dan dén sy thay doi
thé tich bun cét 1a:

AQAt =(%j&m )

Tir can bang van chuyén bun cat ¢ xét thém
luong bd sung bun cat theo phuong ngang bo va
chuyén ta dugc phuong trinh vi phén:
Ay 1 aQ
pridery ) AU

Dé giai phuong trinh (3) can c6 vi tri duong
bd ban dau, hai diéu kién bién cho hai dau duong
bo, cling nhu cac gia tri Q, q, Dy va De.

Cong thic tinh lwu luong van chuyén cat doc
bo la:

. cH
Q= (H2Cg )b (al sin20,, —a, cos 0, &)b (4)

Trong d6 H 1a chiéu cao song; C, 12 van toc
nhom séng trong 1y thuyét song tuyén tinh; b 1a
chi s6 biéu thi diéu kién tinh ¢ dudong song v; 1a
gbc song vo tao voi dudng bo.

Céc hé sb khong thir nguyén a; va a» duge cho
boi cong thuc:

KZ
a, =
16(ps—1)(1—n)tan[3(1,416)7/2
P
K, )
a, =

16[%—1)(1—n)tar1[3(1,416)”2

Trong d6 Ki, K> 1a cac hé sé kinh nghiém
dong vai tro thong sb ciia mé hinh; 13 khéi lugng
riéng cua cat (2650 kg/m® ddi voi cat quartz); 1a
khéi luong riéng cua nude (1030 kg/m® ddi véi
nude bién); n 1a d6 rdng cua 16p cat day (liy =
0,4); 1a d6 ddc trung binh cia day bién 1y pham
vi tir duong bo xudng dén do sau gisi han van
chuyén bun cat; hé s6 1,416 1a dé quy ddi chiéu
cao song y nghia dugc nhap vao GENESIS, sang
chiéu cao séng can quan phuong.

3. Két qua va thio ludn

3.1 Xdy dung ludoi tinh

Truong séng duge mod phong bang md hinh
STWAVE, GENESIS duoc tinh toan trén ludi
phan tr hiru han. Lu6i tinh voi d§ phan giai cao
nhat khu vire ven bd bién Nghé An véi khoang
cach nat ludi khoang 50 m va thua dan khi ra

ngoai khoi (Hinh 4).

(9]

(O]

(k) )}

Hinh 4. Ludi tinh va truong do sau khu viee Nghé An ap dung trong mo hinh STWAVE, GENESIS:
(a, b) khu vue bién xd Quynh Lip dén xa Quynh Huvong; (c, d) khu vuc bién xd Quynh Huong dén
xd Quynh Nghia; (e, f) khu vue bién Quynh Nghia dén Quynh Tho; (g, h) khu viee bién Quynh Tho
dén Dién Trung; (i, j) khu viee bién Dién Trung dén Cira Lo; (k, 1) khu viee bién Cira Lo dén Cira Hoi
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3.2 Kich bdn bién déi khi hdu dwoc mé
phong trong mé hinh song STWAVE

- Trudng song theo kich ban bién doi khi hau
nam 2030, 2050 va 2100

Diéu kién bién bé mit 1a truong gi6 duoc mod
phong theo kich ban bién d6i khi hau nam 2030.
Diéu kién muc nude duoc lay tir myc nude dang
do bién d6i khi hau nam 2030 trong kich ban
RCP8.5 khoang 13 cm [18] (Hinh 5a-5b).

Piéu kién bién bé mit 1a truong gio dugc mo
phong theo kich ban bién d6i khi hau ndm 2050.

BAI BAO KHOA HQC

Diéu kién muyc nude duge 13y tir muc nude dang
do bién d6i khi hau nam 2050 trong kich ban
RCP8.5, muc nudce bién dang khoang 26 cm [18]
(Hinh 5¢-5d).

Diéu kién bién bé mit 1a truong gio duoc md
phong theo kich ban bién d6i khi hau nam 2100.
Diéu kién muyc nude duge 13y tir muc nude dang
do bién d6i khi hau nam 2100 trong kich ban
RCP8.5, myc nudc bién dang khoang 77 cm [18]
(Hinh 5e-5f).

Hinh 5. Truong séng trong kich ban bién doi khi hdu thoi diém truée khi bdo dé bé vao Nghé An;
Truong song trong kich ban bién doi khi hdu thoi diém khi bdo do bé vao Nghé An: (a, b) 2030;
(c, d) 2050; (e, f) 2100.

3.3 Két qud tinh todn, ddnh gid xéi 16 bo
bién khu vuc bién Nghé An

Két qua tinh toan, danh gia xoi 16 bo bién khu
vuc Nghé An doan bd bién 01 dén 06 (thude xa
Quynh Lap dén Cira Hoi) dugc thiét 1ap nhu sau:

- S6 lidu séong dau vao cho moé hinh
SWTAVE 1a s6 liéu séng duoc trich xuat tir
diém 01 dén diém 06 (ngoai khoi khu vuc bo
bién xd Quynh Lap dén Cura Hoi) duoc md

phong theo kich ban bién d6i khi hau sau nim
2030, 2050 va 2100.

- Piéu kién muc nudc duoc léy tor muc nudc
dang do bién dbi khi hau nam 2030, 2050 va
2100 trong kich ban RCP8.5.

- Két qua tinh toan bién dong duong bd theo
kich ban bién d6i khi hau bd bién xa Quynh Lap
dén Ctra Hoi dugc thé hién trén hinh 6a dén hinh
6f.

TAP CHi KHI TUQNG THUY VAN
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Hinh 6. Két qud mé phéng bién dong dwong bo hién trang va cdc kich ban bién doi khi hdu bo
bién xa: (a) Quynh Ldp dén Xa Quynh Huong; (b) Quynh Hwrong dén xa Quynh Nghia; (c) Quynh
Nghia dén Quynh Tho.
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Hinh 6. Két qud mé phong bién dong dwong bo hién trang va cdc kich

ban bién déi khi hdu bo

bién xa: (d) Quynh Tho dén Dién Trung; (e) Dién Trung dén Cira Lo; (f) Cira Lo dén Cira Hoi.

Két qua md phong va tinh toan cho cac kich
ban bién d6i khi hau bién dong dudng bd cia 6
khu vyc chi ra ring dudng bd khu vire Nghé An
bi bién d6i manh véi diéu kién tw nhién theo cac
kich ban bién d6i khi hau sau 2030, 2050 va
2100 nam. Tdc d6 bién dong duong bo giam dan
theo thoi gian, voi thoi gian sau 2030 sy bién
dong rat 1on, sau d6 tde do giam dan t6i kich ban

TAP CHi KHI TUQNG THUY VAN

2050 va 2100 nam. Mot s noi xay ra xo6i 1o
manh tép trung chu yéu & cac vung dat nho ra
bién, cac ving cira song dién hinh 1a 2 cira séng:
Cua Lo va ctra HOi. Bén canh d6 mot sb noi
dwoc bodi ty hinh thanh bai ven bién dién hinh
nhu khu vyc: xa Quynh Tho - Son Hai, ving ven
bo xa Quynh Huong.
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4. Két luin

Trong nghién ctru ndy, bién dong duong bo
do bién d6i khi hau tai ven bién Nghé An trong
cac giai doan 2030, 2050 va 2100 dugc md
phong bang mé hinh sé tri 1 chiéu GENESIS.
Mo hinh STWAVE véi d6 phan giai gan bd 50m
dugc ap dung dé tinh cac tham sb séng dau vao
cho m6 hinh GENESIS nhu d¢ cao, chu ky,
hudng va phd song. Trong d6, trudng song duoc
mo phong theo truong gioé bé mit ung vai kich
ban bién ddi khi hau phat thai cao. Diéu kién
muc nude bién dang 13y theo kich ban phat thai
cao tr “Kich ban vé& bién d6i khi hau va nuée
bién dang” di dugc Bo Tai nguyén va Mbi

BAI BAO KHOA HQC

truong cong bd nam 2016. Bién dong duong b
duogc phan tach theo 6 doan dudng bo. Két qua
cho thiy duong b khu vuc bién Nghé An bi
bién d6i manh do tic dong cta bién d6i khi hau.
Khoang thoi gian sau nam 2030 su bién dong rat
16m, sau do téc do giam dan téi ndm 2050 va
2100 nam. Cac khu vyc x6i 16 manh tap trung
cha yéu & cac ving dat nho ra bién, cac ving cta
song nhu Cua Lo va Ctra Hoi. Bén canh do, ciing
c6 mdt sd doan bo c6 xu thé bdi nhu xa Quynh
Tho - Son Hai, ving ven bo xa Quynh Huong.
Két qua nghién ctru 1a co s¢ dé quy hoach va xay
dung phuong an tmg pho trong bdi canh bién dbi
khi hau.

Loi cam on: Nghién ciru ndy dwoe tdi tro boi Quy phdt trién khoa hoc va cong nghé quéc gia
(NAFOSTED) trong dé tai md sé 105.06-2017.07. Tap thé tac gid xin chan thanh cam on.
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ASSESSING CLIMATE CHANGE IMPACTS ON COASTAL
EROSION IN THE COASTAL AREAS OF NGHE AN PROVINCE

Doan Quang Tri', Nguyen Ba Thuy?, Nguyen Thi Thuy'
'Viet Nam Journal of Hydro-meteorology, Viet Nam Meteorological and Hydrological Adminis-
tration, Ha Noi, Viet Nam
“National Center for Hydro-meteorological Forecasting, Viet Nam Meteorological and Hydro-
logical Administration, Ha Noi, Viet Nam

Abstract: Coastal erosion causes a great deal of damage to houses, structures and affects the
lives of people living in coastal areas. The impact of coastal erosion in the context of climate change
in the coastal area of Nghe An Province was assessed by using the combination of STWAVE and
GEESIS models with five climate change scenarios in 2030, 2050 and 2100. The coastline of Nghe
An was divided into six sections by implementing the GENESIS model. The simulation and calcula-
tion results for six sections conresponding to climate change scenarios have shown that the vari-
ability in the rate of coastal change decreased over time. There 1 likely to have a considerable change
after 2030, followed by gradually decrease in 2050 and 2100 respectively. Some sections mainly af-
fected by coastal erosion were close to the sea, especially in Cua Lo and Hoi estuaries. However, sev-
eral sections were built up, such as Quynh Tho - Son Hai Commune, the coastal area of Quynh
Huong Commune. The results showed the trend of coastal erosion in accordance with the natural law
so as to outline the risk of coastal erosion for residents and local authorities to put forward mitiga-
tion measures.

Keywords: Coastal erosion, Nghe An province, STWAVE, GENESIS, climate change.
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DU BAO NUGC DANG BAO TREN VINH BAC BQ THEO
KICH BAN DUNG SAN

Nguyén Manh Diing', Nguyén B4 Thiy'

Tém tit: Nuée dang bio la mot hé qud ciia bao, chiing déc biét nguy hiém khi két hop
VGi triéu cuong va séng 1om, gdy ngdp lut, x6i 16, vé dé, va nhiéu hé qua khdc. Viéc duw
bdo nuée dang dwoc lam khd tot tai Trung tam D bao KTTV quéc gia, tuy nhién con thy
déng phu thudc vao thoi gian chay mé hinh va tham sé bao. Bdo cdo nay gi6i thiéu
phwrong phép dir bao nwde ding bdo dia trén cdc kich ban dung san cho khu viee vinh
Bdc Bé vi ddy la khu viee ¢6 nguy co mede dang bio cao nhat trén cac viing bién ciia viét
nam. Tac gia da tinh 72 kich ban cho 9 tinh ven bién vinh Bdc Bé. Cac két qua chi ra voi
bdo nhé cdp 7, 8, va 9, hoan todn c6 thé sir dung phwong phdp nay vao dir bao nghiép
vu. Ngoai ra, tac gid nhédn manh huyén Dién Chdu tinh Nghé An la khu viuc co nuoc

ddang bdo l6n nhat trén khu vuc vinh Bdc B¢, cting nhw ca nuoc.

Tuwr khoa: nudc dang bao.

1. Gi6i thiéu

Nude dang bdo 1a mot trong nhimng diéu
kién thoi tiét nguy hiém ma hé qua cua nd
la ngdp lut ven b, x6i 16' va xadm nhdp man
(Cuong et al. 2018). Nuoc dang bao
thuong di sau bao khoang vai gio, va kéo
dai khoang vai tiéng dén nira ngay sau d6
(Thity, 2016). Nudc dang bao két hop voi
triéu cudng va song 16n lam ting muc do
nguy hiém cia bao nhu lam v& dé, ngap
lut, lam héng mua mang, sat 16 khu dan cu
(Thuy et al. 2016) . Vi du nam 2017, con
bdo sb 10 d6 bo vao khu vuc Ha Tinh -
Quang Binh gy nudc dang 16n két hop
v6i triéu cudng, va song 16n 1am v dé,
gay ngap lut 1én tdn Hai Phong, séng 16n 4
- 5 m trén ving bo Nam Dinh (Vietnamnet
2017).

Viéc du bdo nudc dang dugc lam kha
tot tai Trung tam Dy bdo Khi twong Thuy

"Trung tam Du bdo khi twong thiy van
quoc gia

TAP CHI KHI TUQNG THUY VAN

van (KTTV) Quéc Gia. Tuy nhién, viéc du
bao do6i khi bi dong do phu thudc vao thoi
gian chay mo hinh kha lau (3 - 12 tiéng)
va cac tham s bio thay dbi thudng xuyén.
Dé khic phuc céc nhuoc diém trén, tac gia
tao ra cac kich ban gia dinh, dé khi cao
bdo, du bao vién va 1anh dao co thé tham
khao, thay vi viéc phai phu thuoc vao mé
hinh.

Bai bao nay gidi thi¢u phuong phap du
bdo nudc dang bao dua trén cac kich ban
dung san cho khu vuc vinh Bic B9, vi day
1a khu vuce c6 tan xuat bao xuat hién cao va
c6 d6 16n nude dang bao cao.

2. Phuwong phap nghién ciru

2.1. Khu vuc nghién ciru

Dua theo ddc diém dia hinh va déc diém
nudc dang bao co thé chia ven bién cua
Vi¢t Nam thanh ba vung 16n nhu sau
(Hinh 1). Vung 1 1a Bic B va Bic Trung
B9, vung 2 1a Trung va Nam Trung B9, va

S thang 05 - 2018



vung 3 12 Nam Bo. C6 mot vai dic diém
cua vung 1: nudc néng, do dbc thoai nén
nudc dang bao cao; ngoai ra, vung 1 cling
c6 nhiéu bdo hon hai ving con lai. Cac dic
diém cua vung 2: nudc sau, do dbc cao, s6
luong bio ¢ muc trung binh s6 voi ving 1

Cambodia
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va viing 2, nén nudc dang trén ving bién
nay thap nhat trong ba ving. Cudi cung la
vung 3: cling giébng nhu vung 1, day bién
nong va do sau thoai nén nudc dang cao,
nhung tan xuat xut hién cta béo thap.

N ipire aeing = aande dhng cae
Nhisn ko == ngwy lhitm

Mgy hivm

Sipn b o miwir il thidp
Limpmg o trumg benb ==
agm oF fruag bank

Mo wbmg - - wam dimg cas
I by = i gy i
1f mgwy hiim

Hinh 1. Nguy co nwoc dang bao

Do han ché vé& ning luc cia may tinh va
thoi gian, tac gia chon ra khu vuc vinh Béc
B0 1am khu vuc nghién ctru. Co6 hai nguyén
nhan tac gia chon vinh Bic Bo lam khu vuc
nghién ctru. Dau tién, nhu di noi ¢ trén, 1a
do vinh Bic B9 ¢6 nudc dang do bio cao
do day bién nong, do dbc thoai (Hinh 1).
Nguyén nhan thr hai 1a do tan xuit bio
xuat hién giam dan tir Bac vao Nam. Cu thé
1a vinh Bic Bo c6 nhiéu bdo nhét, mién
Trung c6 it bio hon, va cubi cung 1a Nam
B0 c6 rat it bdo xuat hién. Bén canh do,
trong bao cao “Kich ban bién d6i khi hau
va nuéc bién dang cho Viét Nam” cua B§
Tai nguyén va Moi truong trang 73 nam
2016 ciing chi ra Vinh Bic Bo co nudc
dang 16n nhét, do cao da dat duoc 1a 4.4 m,
trong tuong lai c6 thé 1én dén 5 m (Bo Tai
nguyén va Moi truong 2016).

2.2. Phwong phap nghién ciru

Tac gia da sit dung mo hinh Suwat cho
vi¢c tinh toan nudc dang bao. Trudc khi
dua m6 hinh SUWAT vao ung dung, viéc
kiém dinh m6 hinh 13 yéu td thiét yéu.
Trong bao cdo nay, viéc tinh todn nudc
dang bao theo cac kich ban bao dd bo vao
tat ca cac tinh ven bién trén vinh Bic B0 tir
cap 7 dén cip 14. Trong mdi kich ban tac
gia trich ra dir liéu nudc dang bao cuc dai.
Do kha ning bio d6 bo vao cac tinh 1a khac
nhau do d6 dai bo bién khac nhau, mot hé
s6 duoc dua vao sir dung. Sau d6 cac gia
tri cuc dai cho mdi kich ban nay duoc nhan
v6i hé sb trong tmg rdi dua vao phan tich.
Trong bao cdo nay, mot vai gia dinh cho
bao dugc dua ra. Bao dugc gia dinh di tu
bong sang Tay, twong ing di tir ngoai khoi
vao bd. Trong sudt qué trinh di chuyén, cac
tham sb bio khong thay d6i. Cudng do bio
dugc xac dinh dya trén chénh 1€ch ap Xuat
tai tAm bdo va ap suit nén.

TAP CHi KHI TUQNG THUY VAN
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M6 hinh SUWAT di duoc tién sy
Nguyén Ba Thiy kiém nghiém vao dua
vao du bao nghiép vu tai phong du bao hai
van, thudc trung tam dy bao khi tugng thuy
van qudc gia, theo d& tai cap bo cé tén
“Nghién ctu lya chon mé hinh du bao
nudce dang do bao vao du bao nghiép vu tai
Viét Nam” do 6ng Nguyén Ba Thuy chu tri
(Thuy 2016). Bén canh d6, mo6 hinh
SUWAT mét lan nita dugc kiém nghi¢m
trong dé tai cap bo co tén “Nghién ctru kha
nang xuét hién bdo manh, siéu bdo trén céc
khu vuc khac nhau ctia Viét Nam va h¢ qua
mua, gid6 manh, nudc bién dang phuc vu
phuong an tng phé” do thac sy Nguyén
Van Hudng chu tri (Huong & Thuy 2017).

Dua trén céc thiét lap mo6 hinh cua 6ng
Nguyén B4 Thuy trong nghién ctru nude
dang bao do bao manh, siéu bao cho céc
khu vire khac nhau cta Viét Nam trong dé
tai tén “Nghién ciru kha nang xuat hién bio
manbh, si€u bao trén cac khu vuc khac nhau
cua Viét Nam va hé qua mua, gié manh,
nuéc bién dang phuc vu phuong 4n ung
pho”, tac gia da thuc hién chay mo hinh
cho cac kich ban bao di vao cac tinh trén
vinh Bic B bao gom Quéang Ninh, Hai
Phong, Thai Binh, Nam Dinh, Ninh Binh,
Thanh Hoa, Nghé An, Ha Tinh, va Quang

Binh. Trén vinh Bic Bo ¢6 9 tinh ven bién
tir Quang Ninh dén Quang Binh, va 8 cip
bio khac nhau tir cap 7 dén cép 14. Vi vy,
c6 tat ca 72 kich ban bao d6 bo. Trong mdi
kich ban, tac gia trich ra mot gia tri cuc dai.
M&i gia tri nay twong tng voi mot cap bio
di vao mot tinh trén vinh Béc Bo.

Tuy nhién, trén thuc té kha nang bao db
bo vao cac tinh la khac nhau, cac tinh co
do dai duong bo cang 16n thi ¢6 kha nang
bao do bd cang cao. Vi du nhu cac tinh c6
duong bo dai nhu Quang Ninh, Ha Tinh,
Quang Binh s& c6 nhiéu kha ning bdo d6
bd hon cac tinh ¢6 duong bd ngan nhu
Ninh Binh, Thai Binh. St dung cong cu
google map, tac gia do khoang cach duong
bo ctia 9 tinh trén vinh Bac Bo. Cac gia tri
thu duoc chia cho tinh c6 d¢ dai duong bo
nhé nhit, thu dugc hé sb bdo dd bo tuong
ung vai cac tinh. Cac gia tri nude dang bao
cuc dai theo mdi kich ban dugc nhan véi
hé s xuét hién bdo. Sau do, cac gia tri nay
duoc dua vao phén tich. Két qua cudi cing
dugc biéu dién dudi dang biéu d6 va dang
bang.

3. Két qua va thio luin

3.1. Nwoc dang cwc dai twong wng voi
72 kich bdn

Nuwdre ding cye dal theo cic kich ban

D4 bn Awtne dibng Ble [m]

=-aw
-
.
-

-

Hinh 2. Nudc dang cuc dai twong ung voi 72 kich ban
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Bang két qua trén chi ra mot vai két qua
sau. C6 thé thay rd, bdo cang manh giy ra
nudc dang cang lon. Nudc dang bao cuc
dai trung binh theo cép, tir cap 7 dén cap
141a0.6,0.7,1.0,1.3,1.5,1.7,2.2,va 2.7
m. Mot diéu d& nhan théy nira la bao cang
manh thi cac két qua mo hinh cang it thong
nhat. Cy thé, bién d6 dir liéu tir cap 7 dén
cap 14 twong tng 12 0.5, 0.6, 0.9, 1.2, 1.4,
1.7, 2.3, va 3.0 m. Két qua thir ba 1a trong
nhitng con bao 16n nude dang cuc dai trong
nhitng con bao di vao tinh Nghé An cao
hon han nhitng con cung cép di vao cac
tinh khac. Két qua chi ra bdo tir cap 10 dén
cip 14 gy ra chénh léch nudc dang bio
gitra Nghé An va céac tinh con lai l1a 0.8,

BAI BAO KHOA HQC

09,1.1,1.6 va2.2m.

Nguyén nhan tinh Nghé An nuéc dang
cao cao vot trong bao manh va siéu bao
dugc gidi thich nhu sau. Hinh dang duong
b tinh nghé an ¢6 hinh phéu huéng ra bién
vinh Bic Bo. Trong nhiing con bio yéu,
bio yéu gay nude ding yéu, hinh phéu nay
khong gdy nén nudc dang dot bién. Tuy
nhién, ¢ nhitng con bao manh, nudc dang
béo 16n di vao hinh phéu nay, va don lai &
day phéu chinh 1a & khu vuc huyén Dién
Chau, tinh Nghé An, gy nudc dang tang
vot trén khu vuc nay.

3.2. Khd nang bio dé bé theo dp dai
dwong bo bién

Bang 1. Kha ning bio dé bé theo d¢ dai dwong bo bién

Quang Ninh 123 14
Hai Phong 53 6
Thai Binh 41 5
Nam Dinh 65 7
Ninh Binh 9 1
Thanh Héa 75 8
Nghé An 60 7
Ha Tinh 115 13
Quéng Binh 104 12

Heé s6 trén chi ra kha nang bao d6 bo vao
cac tinh Thai Binh, Hai Phong, Nam Dinh,
Ngh¢ An, Thanh Hoéa, Quang Binh, Ha
Tinh, va Quang Ninh cao gap 5, 6, 7, 7, 8,
12, 13, va 14 1an so vé6i kha ning d6 bo vao

Ninh Binh.

3.3 Tong hop nwéc ding bao cwe dai
cho toan vinh Bic By dang do thi

TAP CHi KHI TUQNG THUY VAN
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.h-li-l'll HI.

Hinh 3. T 5ng hop nuoc dang bao cuc dai cho toan vinh Bdc B

Cac két qua nay chi ra muc d§ nudc tan cua dir li€u nudc dang bao cu dai ty 1¢
dang bao cuc dai ty 1€ thuan voi cép bao. thuan voi cép bdo. Cu thé, bdo tur cép 7 dén
Cu thé, bio tir cAp 7 dén cap 14 gy ranude  cap 14 giy nudc dang bdo cuc dai co do tan
dang bao trung binh (median) 1a 0.5, 0.7, cua di li¢u la: 0.2, 0.3, 0.4, 0.6, 0.7, 0.8,
09,12,1.4,15,2.0,va2.4m.Dophan 1.1,val.5m.

Bang 2. T, 5ng hop nuoc ddang bao cuc dai cho toan vinh Bdc B¢

Do chinh xac 50% D0 chinh xac 95%
04-0.7 0.3-0.8
0.5-0.8 04-1.0
0.7-1.1 0.6-14
09-1.5 0.8-2.0
1.1-1.7 1.0-24
1.3-2.0 1.1-2.7
1.8-2.1 14-3.6
22-32 1.6-4.6

TAP CHI KHI TUQNG THUY VAN
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4. Két ludn manh cap 13, 14, két qua nay kho ap dung vao
nghiép vu du bao. Khuyén nghi, v6i nhitng
con bao manh, nén cap nhap cac tham sb bio
va chay lai mo6 hinh. Mac du véi cac con bao
manh, két qua tich toan it théng nhat (d6 phan
tan cao), két qua van chi ra dugc mirc do nude
dang do bao gay ra.

Két qua trén chi ra bdo co cuong do yéu
(ca?ip 7, 8, 9) thi d¢ tan cuia nude dang bao cuc
dai nho. Noi cach khéc 1a két qua mé hinh kha
thdng nhét giira cac kich ban. Diéu nay chi ra,
v6i nhitng con bio yéu d6 bo, hoan toan c6 thé
sir dung két qua nay trong du bao nghiép vu.

Duya trén két qua trén, tac gia nhat manh
huyén Dién Chau tinh Nghé An 13 khu vuc c6
nudc dang bao lon nhét trén khu vuc vinh Béc
Bo.

Nguoc lai, v6i bdo manh (cip 13, 14), két
qua nudc dang bao cuc dai cho do phan tan
16n. Cu thé 1a két qua mo hinh c6 it su thong
nhat gitra cac kich ban. Vi vay, vdi cac con bao

Loi cim on: Tdc gid xin chan thanh cam on tién sy Nguyén Ba Thity da givip thiét ldp mé hinh
SuWAT trong viéc tinh nwdc dang bao.

Tai liéu tham khao
1. B9 tai nguyén va moi truong (2016), Kich ban bién doi khi hdu va nuéc bién dang o Viét
Nam.

2. Cuong, HD, Thuy, NB, Hudéng, NV, Tién, DD & Diing, NM (2018), Present Status And
The Risk Of Typhoon And Storm Surges In Coastal Areas Of Vietnam..

3. Huong, NV & Thuy, NB (2017), Nghién civu kha ndng xudt hién bao manh, siéu béo trén
cdc khu viee khac nhau cua Viét Nam va hé qua mua, gio manh, nudc bién dang phuc vu phuong
an ung pho.

4. Thuy, NB (2016), Nghién ciru lva chon mé hinh dy bao nuoc dang do bdo va dw bao
nghiép vu tai Viét Nam.

5. Thuy, NB, Sooyoul, K, Chien, DD, Dang, VH, Cuong, HD, Cecilie, V & Lars, RB (2016),
Assessment of Storm Surge along the Coast of Central Vietnam, Journal of Coastal Research.

6. Vietnamnet, D6 Son 'that tha', Nam Dinh song danh vao tan nha.

MAXIMUM STORM SURGE FORECAST IN TON-KIN GULF BY PRE-BUILT
SCENARIOS
Nguyen Manh Dung, Nguyen Ba Thuy
National Hydrological Forecasting Center
Abstract: Storm surges are a consequence of storms, they are especially dangerous when
combined with high tides and high waves, causing floods, erosion, dyke breaking, and many
other consequences. Forecasting storm surges is done well at the National Centre for Hydro-me-
teorological Forecasting, but still passive because it is time consuming and storm parameters
are continuously updated in the forecasts. This report introduces maximum storm surge forecast
in Ton-kin gulf by pre-built scenarios. This is the area where the highest risk of storm surges in
the sea areas of Vietnam male. The author has calculated 72 scenarios for 9 coastal provinces
in the Gulf of Tonkin. The results indicated that with typical storms, level 7, 8, and 9, it is pos-
sible to use this method in operation. In addition, the author emphasized Dien Chau district in
Nghe An province is where there is the largest storm surge in the Gulf of Tonkin, as well as in
the whole country.
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MUC LUC
Bai bao khoa hoc

Tran Vin Khanh, Nguyén Ba Thity, Nguyén Kim
Cwong: Nghién ctru co s¢ khoa hoc dé xuit cai tién
cong ngh¢ du bao nudc dang va song trong bao
manbh, siéu bao

Nguyén Binh Phong, Nguyén Tién Manh, Nguyén
Vin Hiép, Nguyén Vin Thing: Nghién ctru ap
dung so d6 ban dau hoa xoay NC2011 trong mé hinh
WREF dé mé phong ciu triic con bdo sé 12 nam 2017

Nguyén Thi Tuyét Nhung, Poan Quang Tri, Poan
Vin Hai: Nghién ctru tng dung bo md hinh FEWS
xay dung chuong trinh dy bao 1ii cac tram ha luu
song Mé Kong

Lé Thi Hug, Nguyén Vin Bay, V6 Vin Hoa:
Nghién ctru thiét 1ap ban dd tan sut ning néng va
han han trén khu vuc Déng béng Bic Bo

Phan Trwong Duin, Nguyén Khic Hung, Vii
Ngoc Linh: Ung dung cong nghé thong tin phuc vu
giam sat truc tuyén hoat dong du bao khi tugng thuy
van
Nguyén Xuén Tién, Lé Hiru Huan, Trinh Ping
Ba: Ung dung hé thong phan tich 1ii tich hopk IFAS
canh bao 1t thugng ngudn séng Nam Non va Nam
M9, tinh Nghé An

Tong két tinh hinh khi tuong thiy van
Tom tat tinh hinh khi tugng, khi twong nong nghiép
va thuy van thang 3 nam 2018 - Trung tAm Dy bao
khi twgng thiy van qubc gia va Vién Khoa hoc
Khi twong Thity vin va Bién doi khi hau
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NGHIEN CUU CO SO KHOA HOC PE XUAT CAI TIEN
CONG NGHE DU BAO NUOC DANG VA SONG TRONG
BAO MANH, SIEU BAO

Tran Vin Khanh!, Nguyén B4 Thiiy%, Nguyén Kim Cuong?

Tém tit: Trong nghién ciru nay, co sé khoa hoc cdi tién cong nghé dy nude ding va séng trong
bdo manh, siéu bdo dwoc thao ludn trén co sé phan tich két quda mé phong ciia 2 phwong én tinh todn.
Trong d6, phwong dn truyén thong la nuée dang va séng trong bio chi xét t6i tac dong cia gié va
khi ép trén nén muwc nuée bién trung binh. Véi cong nghé méi, twong tdc giita thity triéu, séng va
nude ding do bio diege xem xét day di trong mé hinh s6 tri hai dwong tich hop (mé hinh SuWAT -
Surge, Wave and Tide). Hai phirong dn tinh todn dege dp dung dé mé phong séng va mede dang trong
bdo cho truong hop cia bdo Washi (thang 7/2005) dé bé vao Hai Phong véi cdp bio thue té va
ting t6i cdp siéu bdo (cdp 16) nhung giit nguyén quy dao. Két qua cho thdy, chénh léch do cao 1om
nhdt ciia nuée dang va séng trong bao trong trueong hop siéu bao 1én hon nhiéu so véi cdp bao thire
(cdp 10), khoang 41% va 31%, twong irng. Két qua ciia nghién ciru lam co sé kién nghj thay thé cong
nghé dir bdo truyén thong nude ding va séng trong bdo truyén thong bang mé hinh sé tri tich hop

c6 tinh dén twong tac dong giita thoi thiyy triéu, séng va nude dang do bdo.
Tiw khéa: Siéu bao, nudc dang bdo, song trong bao, SuWAT.

Ban Bién tdp nhan bai: 05/2/2018 Ngay phan bién xong: 15/03/2018 Ngay dang bai: 25/04/2018

1. Mé dau

Dudi tac dong ciia bién do6i khi hau dang dién
ra trén pham vi toan cau, cac thién tai c6 ngudn
gbc khi tuong thity van (KTTV) trong d6 c6 bio
ngay cang dién bién phuc tap. Mot trong nhirng
hé qua tiéu cuc trong bao Ia hién twong nudc
bién dang kém theo song 16n tai ving ven bo.
Nudc dang két hop voi song 16n trong bio 1a
nguyén nhan gay ngap lut, x61 16 bd va xam nhap
man trong noi dé)ng, dic biét néu bio dd bo vao
ky triéu cuong. Vi vdy, viéc nghién ctru dé cai
tién cong nghé du bao nudc dang va song 16n
trong bio rat c6 y nghia trong khoa hoc va thuc
tién, gop phan phong tranh va giam thiéu thiét
hai gay ra boi nudc dang va song trong bao.

Cho t6i thoi diém hién tai, du bao nghiép vu

"Trung tdam Hai van

2Trung tdm D béo khi twong thity vin quéc gia
STruwong Dai hoc khoa hoc tu nhién

Email: thuybanguyen@gmail.com

nuée dang do bio chu yéu dua trén hé phuong
trinh nude nong phi tuyén 2 chiéu. Trong mot s6
truong hop, nudc dang duoc tinh voi dong thoi
ctia thuy triéu nhung anh hudng cua séng chua
dugc xét téi. Voi du bao song, cac mo hinh phé
bién ap dung trong du bao nghiép vu nhu
SWAN, WAM, WAVEWATCH, day la cac mo
hinh lan truyén nang lwong phé song va khong
xét t6i dao dong dang/rat cua bé mit nudc bién
cling nhu truong dong chdy trong bao. C6 nghia
1a cac cong nghé truyén thdng ap dung trong dur
bao nghi¢p vu nudc dang va soéng trong bao &
hau hét chu yéu méi xét toi tac dong cua gid va
khi ap trén nén myuc nudc bién trung binh, sy
thay d6i ciia muc nudc (khi tinh nuéc dang) va
truong song bé mat bién (khi tinh séng) trong
thoi gian bdo anh huong khong duoc xét téi. Vé
mat tong thé cong nghé truyén thdng co ban dap
ung dugc do chinh xac trong du bao cho trudong
hop bdo manh cép 10 - 11. Nghién ctru gan day
bang mé hinh s tri tich hop ciia mot sb tac gia

TAP CHi KHI TUQNG THUY VAN
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nude ngoai dd cho thiy can thiét phai xem xét
tac dong tuong hd cia thiy tricu, song va nudc
dang khi tinh toan song va nudc dang trong bao
va phan dong gop cua nude dang do séng (do
g xut buc xa va ing xuit bé mat) vao muc
nude dang tong cong trong bio 1a dang ké nhat
la trong cac con bao manh, siéu bao (thi du: Fu-
nakoshi va NNK, 2008; Kim va NNK. 2008;
Kim va NNK, 2010) [3, 5, 6]. Tai Viét Nam,
nghién ctru cua D3 Pinh Chién (2016) [1] vé
nudc dang va song trong bao tai khu vyc ven
bién tir Quang Binh t6i Quang Nam bang md
hinh SUWAT da cho thdy: (1) Nuéc dang do
song c6 dong gop dang ké, trong mot sd trudng
hop c6 thé chiém t6i 35% nudce dang tong cong
trong bao. Khi xét dén anh huong ctia song bién,
cac két qua tinh nudc dang cho két qua phu hop
v6i s6 liéu thuc té hon so véi truong hop khong
xét dén anh huong cia song; (2) Twong tac cua
thity triéu va nudc dang bio di lam thay doi do
cao song tai nhitng khu vuc song 16n quanh tam
bdo va khu vuc nude nong ven bd do thay doi
truong do cao myuc nudc va dong chay so voi
truong hop khong xét dén anh huéng cua thuy
tridu va nudc dang bao. Su thay déi nay sé khong
dang ké tai nhimg khu vuc d6 cao song nho va
d6 siu cua bién 16n hon nhiéu so voi thay doi
muc nude bién do thuy tridu va nude dang bio.
Khi nghién ctru vé anh hudng cua thay triéu va
song t6i nudc dang do bdo bang mé hinh
SuWAT trén ludi tinh c6 do phan giai cao
Nguyén Vin Hudng va Nguyén B4 Thity (2017)
[2] da dua ra két luan rang: Thuy triéu khu vuc
¢6 anh huéng dang ké toi nuéce dang do bao khi
bdo d6 bd vao thoi ky triéu cudng. M6 hinh khi
xét dén thuy tridu cho két qua nudce dang thap
hon so véi trudng hop khong xét dén thuy tridu
va nude dang do song chiém mot ty 16 déng ké
trong muc nude dang trong bao nhat 1a khi do
phan giai cua ludi tinh ctia mo hinh tang va viéc
xem xét phan dong goép cua nude dang do séng
da lam tang do chinh xac cua tinh toan.

TAP CHI KHI TUQNG THUY VAN

Nhiing két luan dua ra & trén dua theo két
qua tinh todn nudc dang va séng trong cac con
béo lich sir 6 bd vao khu vue. Phan 16n cac con
bao dugc thtr nghi€ém la bao manh véi stic gioé
cap 10 - 11, truong hop siéu bio chua dugc thu
nghiém do chua dd bd vao ven bd ven bd bién
Viét Nam. Véi bao co6 cuong do rAt manh tGi cép
siéu bdo, chénh 1éch vé dinh luong d6 16n nude
dang va séng gilta phuong phép tinh truyén
thdng va phuong phéap co xét t6i twong tac giita
thity triéu, song va nude dang c6 thé rat khac biét
va can dugc nghién cru. Van dé ma nghién ctru
nay dit ra rat c6 y nghia nhét 1a trong bdi canh
bién d6i khi hau, khi duoc nhan dinh s& c6 nhiéu
bdo manh/siéu bdo véi dién bién bt thuong co
thé anh hudng téi dat lién Viét Nam.

Trong nghién clru nay, nudc dang va song
trong bao manh va siéu bao dugc tinh toan theo
2 phuong an, d6 1 phuong phép truyén thong va
phuong phap xét téi tuong tic dong thoi gitta
thity triéu, song va nudc dang bdo. Hai phuong
an tinh dugc ap dung cho truong hop bao Washi
thang 7 nam 2005 d6 bo vao Hai Phong voi cap
bao that va cép dugc nang toi si€u bao. Chénh
léch @6 1on cua nudc dang va song gitra 2
phuong an tinh lam co s& dé xuét cong nghé tich
hop thay thé cong nghé truyén thong trong du
bao song va nudc dang trong bao manh va siéu
bao tai Viét Nam.

2. M6 hinh SuWAT va phwong an tinh
toan
a) M6 hinh thuy dong luc hoc

SuWAT 1a mé hinh tich hop dy tinh ddng
thoi ca thuy tridu, song bién va nudc dang do
bao. Pay 1a sy két hop ctia 2 mé hinh thanh phan
la m6 hinh dua trén hé phuong trinh nudc nong
2 chiéu c6 tinh dén nuée dang do tng suit buc
xa song va Gmg xuat séong bé mit va mo hinh
SWAN tinh toan séng. H¢ phuong trinh co ban
ctia mo hinh nude ndng 2 chiéu duge mo ta nhu
sau:

S thang 04 - 2018
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Véi: : muc nude bé mat; M, N: thong luong
trung binh theo d¢ sau, theo hudéng x va y; f:
tham s6 Coriolis; P: ap suit khi quyén; d: do sau
téng cong d =77+h, v6i h 1a d§ sdu muc nudc
tinh;4,: hé s khuéch tan rdi theo phuong ngang;
: P mat do nudc; Fh, Ts: (g suat ma sat day va
bé mat; Fx , Fy:tng sut song duoc bd sung dé

xét nudc dang do song, dugc tinh tor mo hinh
SWAN. M6 hinh SUWAT dugc thiét 1ap tinh
toan trén ludi 16ng voi cdu trac minh hoa nhu
trén hinh 1. Co s& 1y thuyét cia mo hinh
SuWAT dugc trinh bay chi tiét trong cac cong
trinh [1, 2, 5, 6].

M®b hinh tich ho'p thly triéu - séng - nwd’c dang (SUWAT)

Mién 1

=

Modul bao

Gid va

Modul nuéc dang

Gid va

Paura

Muc nuéc

b va

Muyc nudc | Hé sé kéo
va
va un,

g suat

Paura

b| Phé song

v
—»{ Modul séng F

Mién 2 Mién N
Modul bdo |:> |:> Modul bao
Gi6 va
Paura
Muc nudc
Modul nudc dang L va 1| Modul nuéc dang
Muc nuwéc | Hé sé kéo Muyec nuéc | Hé sé kéo
va va
va (rng suat va rng suit
Paura
v \ 4
—>{ Modul séng ‘-h» Phé séng ;{ Modul song ‘

Hinh 1. Céu triic luéi long ciia mé hinh SuWAT

b) M6 hinh bao gidi tich

Truong gid va khi ap lam dau vao cho mo
hinh SUWAT duoc tinh toan tr mé hinh bao giai
tich cua Fujii va Mitsuta, 1986 [4] vdi cac tham
s6 bio duoc 14y tir s6 liéu best track. Truong ap
sudt khi quyén dugc tinh theo cong thic:

Pf[_])c

P(r)=P, ——2—c—
1+(r/n)’

4)

Trong do: P 1a ép sudt ¢ tim béo, P-; 4ap suét
0 ria bao, 1o 1a ban kinh gio6 cuc dai, r 1a khoang
cach tir tm bdo t6i diém tinh.

SaN

v

X

-V, (sina-cosd

v )

V,(cosa-cosf—

Van toc gié gradien dugc tinh theo mdi lién
hé v6i phan b cua ap suit khi quyén nhu trong
cong thirc (4). Trong khi d6 van tdc gi6 theo mbi
lién hé véi toe do di chuyén cua tam bao duoc
tinh theo cong thic (5):

Y4 Lop
r p Or (%)
Vi = csze_% ©)

Téng hop 2 thanh phan nay ta c6 van toc tong
hop nhu sau:
Je_

v
+c
2 \%
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Trong d6 cac hé s6 nam trong cac khoang gia
tri nhu sau: ¢1 =0.6 : 0.8, ¢c2=0.50 : 0.8.

¢) Phuong an tinh toan

Hai phuong an tinh toan dugc thyc hi¢n dé
danh gia két qua chénh léch do 16n cia nudc
dang va song trong bio v6i cip that cua bio
Washi (cdp 10) va cap siéu bao (cip 16). Trong
d6 véi phuong an truyén théng mé hinh tinh
nudce dang va song trong bao chi xét tdi tac dong
ctia gi6, khi ap va bé mit bién 1a tinh, c6 nghia
thanh phan F (lién quan t&i img suat song),7,(lién
quan t6i ung sut bé mat) va hing sé diéu hoa
thuy triéu tai cac bién dugc bo qua.

3. Két qud mé phong nwéc ding va song
trong bao manh va siéu bao

a) 86 liéu bdao cho mé hinh va mién tinh, ledi
tinh

Dé c6 co s¢ khoa hoc dé xuét thay doi cong
nghé du bdo nude dang va song trong bao manh,
siéu bio tir phuong phap truyén thong nude dang
va song trong bdo Washi d6 bo vao Hai Phong
v6i quy dao nhu trén hinh 1 dugc tinh toan va
phan tich voi trudng hop cip bao Washi that, tirc
1a cap 10 khi d6 bo va bio Washi gitt nguyén quy
dao va thoi gian dd bo nhung cuong do bao dugc

tang cap & muc siéu bio (cap 16). Két qua so
sanh gitra 2 phuong an tinh toan trong trudng
hop bao Washi cap 10 va cép 16 s& 1a co so dé dé
xuat cai tién cong nghé du bao song va nudc
dang trong bao manh va siéu bao.

M6 hinh SuWAT duoc thiét ké trén luéi
vuodng va 1dng 5 16p voi mién tinh va d6 phan
giai cua ludi tinh nhu trén bang 1. Trong d6 do
chi tiét cua ludi tinh chu trong vao vi tri tram
Hon Déu. Muc dich cta xay dung lui tinh co
d6 phéan giai cao nham danh gia day du nudc
dang do tng suat song gay nén.

Hinh 1. Quy dao bao Washi (8/2005)

Bdng 1. Mién tinh va d¢ phdn gidi hedi tinh ven bién Bdc Bé

S6 diém tinh

TT Lu6i Mién tinh theo kinh & D¢ Phan giai

o x (Ax x Ay)

Vi tuyén

q D1 103°%- 120°E, 6-22°N 226 x 211 7400 x 7400
Venbién D2 105°.0- 110.5°E, 16°.0-21.5°N 181 x 241 1850 x 1850

Bic B D3 106.0° — 107.5°E, 20.0° - 21.0°N 181 x 121 925 x 925
D4 106.5° - 107.5°E, 20.3° - 21.0°N 241 x 169 462.5 x 462.5

D5 106.5° — 107.3°E, 20.4° - 20.7°N 539x 519 150 x 150

b) Két qua mé phong nuée ding va song
trong bdo manh, siéu bao

M6 hinh SUWAT da duoc hiéu chinh va kiém
dinh trong tinh toan thuy tridu, song va nudc
dang do bao tai Vi¢t Nam trong cac nghién ctru
ctia DS Dinh Chién va NNK (2016) [1], Nguyén
Ba Thuy va NNK (2017) [2]). Do vay, nghién
ctru nay chi ap dung md hinh trong mé phong
nudc dang va song trong bao manh va siéu bao.

- Véi nude dang bao

Trén hinh 2 14 so sanh bién thién nudc dang
béo tai Hon Déu trong trudng hop c6 mé hinh co

TAP CHI KHI TUQNG THUY VAN

va khong xét toi anh hudéng cua thiy tridu va
song. Trong d6 voi truong hop xét toi anh hudng
cuia thuy triéu va song, nudc dang duge xac dinh
tir myc nude tong cong (thuy tridu+nude dang
do gi6 va khi ap+nudc ding do song) sau ddy
loai bo dao dong thuy triéu ciing trong thoi doan.
Két qua cho thay, chénh léch do 16n dinh nudc
dang gitra 2 phuong an tinh khoang 0,15m. Phan
bd chénh léch nudc dang 16n nhit trong bio
Washi theo phuong an moé hinh c6 va khong xét
t6i anh huong cua thiy triéu va song (Nudc dang
[co xét téi thiy tridu va song] - Nudc dang
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[khong xét t6i thuy triéu va song]) trén hinh 3
cho théy tri s6 16n nhat & khu vuc sat bo bén phai
duong di cua bao co thé dat t6i 0,5m, chiém
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Hinh 2. So sanh nude dang tai Hon Ddu trong
bdo Washi theo phuwong an tinh co va khong xét
toi anh huong cua song

Trong truong hop cuong do bao duoc tang toi
cip 16, két qua tinh toan tai Hon DAu nhu trén
hinh 4 cho thdy nuéc dang 16n nhét tinh theo
phuong an c6 va khong xét téi anh hudng cua
thuy tridu va song lan luot 1a 4,6 va 2,8, chénh
1éch 1,8 m (39%). Phan bd chénh 1éch nude dang
16n nhét gitta 2 phuong an tinh duoc thé hién
trén hinh 5 cho thay c¢6 nhiéu khu vuc m chénh
nude dang téi gan 2,0m, chiém hon 41% muyc

5 —Khong xét dén song
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Hinh 4. So sanh meée dang tai Hon Dau trong
bdo Washi theo phwong an tinh co va khong xét
16i anh hwong cia séng. Truong hop ting cdp
bdo téi cap 16 (siéu bio)
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khoang 25% d6 16n nudc dang 16n nhit trong
truong hop mé hinh c6 xét t6i thiy triéu va song.
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Hinh 3. Chénh léch do cao nudc dang trong
bdo Washi gitra phwong an tinh co va khong
X6t 16 thity triéu va séng
nuée dang tong cong. Nhu vay, co thé thdy rang
trong truong hop bao manh t6i cap siéu bao, mo
hinh tinh nudc dang truyén thdng cho két qua
thién thap rat nhiéu so véi truong hop mé hinh
tich hgp. Chinh vi vay dé dam bao d6 chinh xéac
va an toan trong canh bao nudc dang voi bao
manh va siéu bio can thiét phai sir dung mé hinh

cd xét to1 anh huong cua thuy tricu song.

M

Hinh 5. Chénh léch do cao nuoc dang trong
bdo Washi gitta phwong an tinh co xét toi song
va khong xét toi song. Truong hop tang cap
bdo téi cap 16 (siéu bio)
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- Vi du bao song trong bao

Céc mo6 hinh dy bao soéng trong bao hién tai
phan 16n déu khong xét téi anh huong cua thiy
tridu va nudc dang trong bio, tirc 1a song duoc
tinh trén nén muyc nude trung binh, khong ¢ dao
dong dang/rat va dong chay bé mat. Trén thyuc
té, tuong tac giita song va dong chay ciing nhu
su thay doi d6 sau do dao dong thuy tridu va
nuée dang bio sé tac dong dang ké t6i phan bd
d6 cao song trong bdo, nhit 1a trong truong hop
siéu bao. Cling vdi cach tinh toan va phan tich
tuong ty nhu véi nude dang do bao. Song trong
bdo Washi va truong hop ting tdi cap siéu bio
duogc tinh toan theo phuong an c6 va khong xét
t61 anh huong cua thuy tridu va nudc dang.

Trén hinh 6 1a bién thién do cao song tai Hon
Déu trong bdo Washi v6i 2 phuong an tinh, trong
d6 truong hop trén hinh 6a 1a véi cap bao that va
6b 13 voi cap siéu bio. Két qua cho thay chénh
léch d6 cao song 16n nhat giita 2 phuong an tinh
toan voi bio that 1a 0,22m (chiém 9%) va vai cap
siéu bio 1a 1,1m (chiém 19%). Phan bd chénh
léch d6 cao song c6 nghia 16n nhét giira 2
phuong an tinh (D¢ cao séng [Co xét tdi thuy

3.5 —Khongxétdén thiy
triéu va nude dang
- bao
3 ,/\“
==-C6 xét dén thuy triéu

a 2.5 vanudc dang bao /
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Thoi gian (gid)

(a)

8/1/200512:00

triéu va nude dang]-Po cao song [Khong xét t6i
thity tridu va nude dang]) cho trudng hop cip
bdo Washi that va cép siéu bdo duoc thé hién
trén hinh 7. Két qua cho thiy, véi cap siéu béo,
chénh 1éch dd cao song cd nghia 16n nhét tai vi
tri sat bo va bén phai dudng di ctia bao co thé 1én
t6i 2,0m (chiém 31%), trong khi d6 véi cap bio
that chi khoang 0,5m (chiém 12%). Chinh vi vay
d6i v6i nhitng con bio c6 cudng do cap siéu bio
thi cong nghé du bao song can thiét phai xét t6i
anh huong cua thiy triéu va nudc dang bio dé
tranh két qua c6 dy bao thién thap, nhét 14 tai khu
vuc ven bo noi bao di qua.

Nhing phan tich két qua tinh nudc dang va
song trong bio & trén cho thay trong truong hop
bao ¢ cudng do c& cap 10, 11, két qua tinh song
va nude dang khong cé nhiéu khac biét giita
phuong phap truyén théng va mé hinh tich. Tuy
nhién, véi cp siéu bao két chénh 1éch rat dang
ké. Do vay, can thiét phai st dung cong nghé du
bao nude dang va song trong bdo c6 xét t6i dong
thoi t6 hop cua thuy tridu, song bién va nudc
dang do bao.

—Khéng xét dén thiy
tridu va nuée dang bio ~
II
[N
==-C6 xét dén thuy triéu /
vanude dang bao

Do cao song (m)
W
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(b)

Hinh 6. So sanh nuée dang tai Hon Dau trong bdo Washi theo phwong dn tinh c6 va khong xét toi
danh hwong cia séng. (a) Cap bao that, (b) Cdp siéu béo
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Hinh 7. Chénh léch @6 cdo song c6 nghia Iom nhat giita phwong dn tinh séng cé ¢6 va khong xét
toi anh huong cua thuy triéu va nude dang bado. (a) Cdp bdo thdt, (b) Cap siéu bio

4. Két luin

Trong nghién ctru nay, nudc dang va song
trong bao manh va siéu bao dugc tinh todn theo
2 phuong an, phuong an chi xét téi tac dong cua
gi6 va khi ap trén nén muc nude bién trung binh
(phuong phép truyén théng) va phuong an xét
td1 tuong tac thuy triéu, song va nudc dang bao.
Bio Washi thang 7 nim 2005 d6 bo vao Hai
Phong dugc lua chon. M6 phong dugce thuc hién

gia do chénh léch két qua giita hai phuong an.
Két qua cho thﬁy, chénh léch dd cao 16n nhit cua
nude dang bao va song gitra hai phuong an tinh
trong siéu bao 16n hon nhiéu véi cép bao manh,
cu thé c6 thé 1én t6i 41% va 31% véi cip siéu
bdo va 25% va 12% véi cip bdo manh, tuong
ung. Két qua cua nghién cuu lam co s¢ kién nghi
thay thé cong nghé du bao truyén thong bang
cong nghé tich hgp c6 xét tdi twong tac gitra thuy

v6i cp bao that khi 6 bo (cap 10) va truong hop
dugc ting t6i cap siéu bao (cdp 16) nham danh

triéu, song va nudc dang bao.

Loi cam on: Nghién ciru nay duwoc tdi tro béi Quy phdt trién khoa hoc va cong nghé quéc gia
(NAFOSTED) trong dé tai md s6 105.06-2017.07 (céng nghé tich hop diw bdo nueée ding va s6 liéu)
va Dé tai nghién ciru khoa hoc cdp B Tai nguyén va M6i truong md sé TNMT.2018.05.28 (mé hinh
dyr bdo séng va sé liéu). Tdp thé tac gid xin chan thanh cam on.
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STUDY THE SCIENCE BASIS IMPROVEMENT TECHNOLOGY OF
FORECASTING STORM SURGE AND WAVE IN STRONG,
SUPER TYPHOON
Tran Van Khanh', Nguyen Ba Thuy? Nguyen Kim Cuong?
'Oceanography Center
*National Centre for Hydrometeorological Forecasting - NCHMF
SHanoi University of Science

Abstract: In this study, the science basis improvement technology of forecasting storm surge and
wave in strong, super typhoon is discussed based on the results of two methods. In which, in the
conventional method, the wave and storm surge is considerd under the impact of wind and ai pres-
sure on the mean sea level only, while in the new technology that consider the full interaction of
tide, surge and wave by using a coupled model of surge wave and tide (called SuWAT).Two method
was applied for the case of typhoon Washi (July 2005) landfalled at Haiphong city with the real in-
tensity and enhancemet to the level of super typhoon (level 16). The result showed that the difference
of storm surge and wave height between two methods in the case of super typhoon is much higher
than the case of strong typhoon (reality: level 10), coresponding of 41% and 3 1%, respectively. The
result of this study is the base to replace the conventional model by a coupled model of surge wave
and tide in operarional forecasting.

Keywords: Strong/super typhoon, storm surge, wave. SuWAT.
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MUC LUC
Bai bao khoa hoc

Tran Hong Thai, Poan Quang Tri, Pinh Viét
Hoang: Nghién ctru mé phong tac dong ctia song va
nude dang bao khu vure ven bién mién Trung.

Nguyén B Thiy, Trin Quang Tién: Budc dau
nghién ciru mdi lién hé gitta myc nudc bién dang di
thuong tai Tuy Hoa - Phu Yén véi hinh thé thoi tiét
Nguyén Xuan Tién, L& Hitu Huédn, Phan Thij
Toan, Nguyén Vin Linh: Xay dung m6 hinh mo
phong 1ii va tinh toan tdi wu x4 1i cho hé thong hd
chira & viing séng khong anh huong tridu.

Nguyén Thi Lan Huwong, Lé Thi Thu Ha, Nguyén
Ping Quang, Nguyén Vin Hiép: Pic diém va co
ché gay mua 16n tai Quang Ninh tir 24 thang 7 dén 05
thang 8 nam 2015.

Nguyén Vin Hiéu: Nghién ciru thiét 1ap mang ludi
tram do mua trén luu vuc song Ba bang phuong phap
Kriging

Lé Thi Hong Van, Lé Thi Thu Ha, Hoang Thi
Mai: Xay dung phuong trinh dg bdo mua cho mo
hinh tinh toan dong chay mat.

Tong két tinh hinh khi tugng thity van

Tom tat tinh hinh khi tugng, khi twong nong nghiép
va thuy van thang 02 nam 2018 - Trung tam Du bao
khi twrgng thiy van Trung wong va Vién Khoa hoc
Khi twgng Thity viin va Bién d6i khi hau
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BUOC PAU NGHIEN CUU MOI LIEN HE GIUA MUC
NUGC BIEN DANG DI THUONG TAI TUY HOA - PHU
YEN VOI HINH THE THOI TIET

Nguyén Ba Thiiy, Tran Quang Tién

Tém tit: Trong bai bdo nay, moi lién hé giita muc nwée bién dang di thieong trong mét sé dot
triéu cwong tai Tuy Hoa-Phii Yén véi cdc hinh thé thoi tiét (gié, khi dp) dwoc phan tich theo so liéu
quan trac mye mede tai tram thiy van Phii Lam, sé liéu tai phan tich va mé phong tai phan tich
trweong gié va khi dp trong nhitng ngdy xudt hién mwc nuwée bién dang cao di thiwong. Trong dé
trwong gié va khi dp tai phan tich dwoc thu thap tir Co quan Khi twong han vira Chau Au (ECMWR).
M6 phong tdi phén tich chi tiét triong gié, va khi dpdwoc thwe hién bang mé hinh di bao thoi tiét
quy mé khu viee (WRF) cho dot nude dang di thwong vao giita thang 12 nam 2016. Két qud cho thdy
mue nweée bién dang cao di thuong trong cdc dot triéu cuong tai Tuy Hoa-Phii Yén c6 moi lién hé
véi khéng khi lanh manh,kéo dai va lan sau xuong phia Nam. Ngodi ra, trong thoi gian nay ton tai
mét xody thap ¢ ngodi khoi Nam Trung B6 va Nam Bé va ¢6 xu huwdng dich chuyén chdm vao ven
bo Nam Trung BJ. Két qua ciia nghién ciru nay rdt c6 y nghia trong cong tac gidm sdt va canh béo
muee nweGe bién dang di thuong tai khu viee. Ngodi ra, ciing goi mé hiedng nghién ciru muwe nude bién

ddng di thwong bang mé hinh sé tri.

Tir khoéa: Triéu cuwong, muwc nmede di thuong, hinh thé thoi tiét, Tuy Hoa.

Ban Bién tép nhan bai: 12/01/2018 Ngay phan bién xong: 15/02/2018

1. Mé dau

Thuat ngir muc nude bién dang di thuong
trong bai bao nay duoc hiéu 12 hién tuong muc
nudc bién dang cao trén nén thuy triéu nhung
khong phai do bdo hay ap thap nhiét déi. Theo
cac nghién ctru ctia nude ngoai, phan 16n nguyén
nhan gay muc nudc dang di thuong ¢ vung ven
b, clra song va cang bién 1a do su cong hudng
clia cac song dai tir ngoai khoi truyén vao. Céc
song ¢6 chu ky dai nay duoc sinh ra chu yéu boi
mot s6 nguyén nhan nhu: cac qué trinh nhiéu
dong khi ap (chénh 1éch ap suat khi quyén trong
khong gian hep, su dich chuyén cua cac front
lanh), song than, cac hoat dong dia chan dia
phuong, cac séng noi va dong chay siét. Ngoai ra
nudc dang cao trong cac dot gio mua manh, kéo

"Trung tam Dy bdo khi twong thiyy van quoc gia
Email: thuybanguyen@gmail. com

Ngay dang bai: 25/03/2018

dai va thoi theo hudng 6n dinh ciing gdy nén hién
tuong myuc nudc bién dang di thuong [3,4,5].
Theo nhiéu két qua nghién ctru cta cac chuyén
gia nudc ngoai thi qua trinh nhiéu dong khi ap
1a nguyén nhan phd bién gay muc nudc dang di
thuong tai vung ven bo, cua song, trong cang
bién va thuong xay ra trong mot s6 thang nhat
dinh trong nam tuy theo tung khu vuc [6]. Tuy
nhién, viéc xac dinh chinh x4c thoi diém xay ra
van con gip nhiéu kho khin. Trong mét sb
truong hop, mic do gay thiét hai cia muc nudc
dang di thuong giy béi nguyén nhan sy nhiéu
dong khi ap khong kém so voi tac dong ctia song
than nén cac chuyén gia nudc ngoai thuong goi
hién tuong nay la “Meteorological Tsunamis”
hodc song “Seiche” [3,4,6]. Tai mot b nude nhu
Nhat Ban, My, Ha Lan, Tay Ban Nha..., muc
nude bién dang di thuong di xuat hién tai nhiéu
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ving ven bo, cang bién va ctra song, gy nén
nhiéu tham hoa va duoc gén v6i cac tén goi khac
nhau cho tung dia phuong [5, 6]. Tai Viét nam,
vao cac thang cudi va dau nim tai mot sd khu
vyc & mién Trung nhu Tuy Hoa - Pha Yén xuat
hién myc nudc bién dang cao bit thuong (dan
gian hay goi 1a tridu cuong). Ngoai thuy triéu thi
trong cac dao dong nudc 16n rat co thé c6 dong
g6p dang ké ciia myuc nudc bién dang do tac
nhan khi tuong (nhiéu dong khi ap hoidc gio
mua), ddy 1a 1y do giai thich khong phai tat ca
nhimmg ngay c6 thuy tridu cao thi mue nude lai
cao bat thudng ma chi vai ngdy trong sé d6. Khi
muc nuéc dang di thudng xuat hién trung véi
thoi diém tridu thién van cao, két hop vai song
16n s& tré nén rat nguy hiém nhu gay ngép lut,
x61 16 vung bo va anh huong t6i cac hoat dong
ctia tu bé do nhiing tac dong khong nhimng theo
phuong thing dimg (myuc nudc bién ding cao)
ma con theo phuong ngang (hé thong dong chay)
cling rat manh [6]. Gan day, nghién ctu cua
nhom tac gia Tran Hong Thai va NNK da khang
dinh hién tuong muc nudc bién dang cao di
thuong tai Tuy Hoa-Pha Yén la c6 that va do lon
cua myc nudc dang cao di thuong ghi nhan tai
tram quan trac c6 thé dao dong tir 0,5-1,0 m [2].
Chinh vi vay, nghién ctru x4c dinh nguyén nhan
gdy muc nude bién dang di thuong qua do dé
Xuét xay dung hé théng giam sat, canh bao va du
béo rit c6 ¥ nghia trong khoa hoc va thuc tién.

Trong nghién ciru ndy, mbi lién hé gitta muc
nudc bién dang cao di thuong tai ven bién Tuy
Hoa - Pht Yén véi cac hinh thé thoi tiét dugc
phan tich theo s6 lidu quan tréc, s6 liéu tai phan
tich va mo phong sd tri. Két qua ctia nghién ciru
s& dé xuit phuong 4n giam sat va canh bao muc
nuéc bién dang di thuong va goi mo hudng
nghién ctru vé md hinh s tri.

2.S6 liéu va phwong phap nghién ciru

Dé nghién ctru mbi lién hé gitra muc nudc
bién dang cao di thuong tai Tuy Hoa-Phu Yén
v6i cac hinh thé khi twong, s6 liéu quan tric myc

TAP CHi KHi TUQNG THUY VAN

nudce tai tram hai van Phit LAm ndm cach cua
bién khoang 2 km dugc thu thap dé tach dao
dong thuy triéu xac dinh d6 1on nude dang. Pay
1a tram quan tric muc nudc duy nhét trong khu
vue. Vi 1a tram quan tric thity van nam gan ctra
bién nén dao dong muc nudc it nhiéu bj chi phéi
boi thay tridu, nudc dang ngoai bién va Ii trén
song. Do vay, trong nghién cuu nay s€ chon
nhitng dot myc nude bién dang di thuong khong
trung véi thoi gian ¢o i trén song. Ngoai ra, dot
muc nudc bién dang cao di thuong vao ngay 13
va 16 thang 12 nam 2016 ma tram nghiém triéu
dit tai cira bién Pa Rang quan tric duoc ciing
dugc dua vao phan tich [2]. Dé xac dinh d6 16n
nudc bién ding cao dang di thuong, phuong
phap binh phuong t6i thiéu [1] dugc st dung dé
phan tich diéu hoa, du tinh thuy triéu va sau do
loai thuy triéu tir myuc nudc quan tric. Nghién
clru ciia nhom tac gia Tran Hong Thai va NNK
da chi ra rang, ngay ca 1ii 16n trong song tai Tuy
Hoa ciing khong gdy nudc dang 16n tai cira bién,
nhung khi nudc dang cao ngoai cira bién thi tai
tram thily van Phii LAm ciing ghi nhan nudc bién
lan truyén vao.

S liu tai phan tich truong gid va khi ap cua
Co quan Khi tugng han vira Chau Au [9] duoc
thu thap dé phan tich cac hinh thé thoi tiét trong
nhimng ngay c6 hién twong muc nudc bién dang
cao di thuong tai khu vuc. Ngoai ra, mé phong
tai phan tich trudng gi6 va khi ap chi tiét duoc
thuc hién béng md hinh WRF cho dot triéu
cuong vao gitra thang 12 nam 2016.

3. Twong quan giira muc nwéc dang di
thwong véi cac hinh thé khi twong

Dé danh phan tich mdi twong quan giira hién
tuong muyc nudc bién dang cao di thuong tai Tuy
Hoa-Phu Yén, 03 dot muc nude bién dang cao
di thudng tai Tuy Hoa ma cac phuong tién truyén
thong, chinh quyén dia phuong di dua tin va sb
liéu quan tric muc nudc tai tram thuy van Phu
Lam va tram nghiém triéu da ghi nhan dugc lya
chon. Véi 2 dot tridu cuong vao thang 12 nam
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2011 va thang 2 nam 2012, truong gi6 va khi ap
tai phan tich trong khu vuc cia Co quan Khi
tuong han vira Chau Au duoc thu thap trong
khoang thoi gian trudce va sau khi xuat hién muyc
nude bién dang cao di thuong véi budc thoi gian
6 gio. Vo1 dot muc nude dang di thuong trong
thang 12 nam 2016, két qua mo phong tai phan
tich truong gi6 va khi ap voi do phan giai khong
gian 3km va trich xuét két qua 15 phtt dé phan
tich chi tiét.

a) Pot nuoc dang di thuong thang 12 nam
2011

Trén hinh 1 1a bién thién myc nudc quan tric,
thuy triéu dy tinh va nudc dang (sau khi da loai
b6 thiy tridu tir muc nude tong cong) trong dot
triéu cuong nay. Két qua phan tich cho thay nudc
dang cao bat thuong 16n hon 50 cm bat dau tir
ngay 21 gio ngay 9 thang 12 va kéo dai tdi 2 gio
ngay 12 thang 12 niam 2016. Nudc dang 16n nhat
1én t61 104cm vao 2 gio ngay 10 thang 12, khong
phai xuit hién vao thoi gian cua dinh tridu. Nudce
dang dién ra trong khoang 2,5 ngay dai hon so
v6i thoi gian ton tai cia nudc dang trong cac con
bao.

Céc ban do tai phan tich truong gi6 va khi ap
tir 7-13 thang 12 nam 2011 cho thay bat dau tir
ngay 7/12/2011 mét dot khong khi lanh tir phia
béc bat dau di chuyén xudng phia nam va anh
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huong t6i khu vuc phia bac Viét Nam. Khoi
khong khi lanh tiép tuc duoc ting cudng bd sung
trong ngay 8/12 va don sau xudng miénTrung
vaNam B0 tir ngay 9/12. Pong thoi cling trong
ngay 9/12 hinh thanh mot ving ap thip & ngoai
khoi khu vyc bién Nam Trung B6 (Hinh 2a) va
di chuyén chim vao ven bd Nam Trung Bo
(Hinh 2b). Do vay, trong thoi ky nay khu vuc ven
bién Tuy Hoa — Pht Yén chiu anh hudng cua hai
hinh thé thoi tiét nguy hiém 1a gié mua dong béc
manh v&i cudng d6 cdp 6-7 va ving ap thap
ngoai khoi. Hinh thé khi tuong nay c6 thé la
nguyén nhan gay muc nudc dang di thuong tai
Phu Yén.

— emwrfs - Thiywla — Niroeding

140
120

Hinh 1. Bién thién myc nuwéc quan trdc, thity

triéu va nude dang tai tram thiyy van Phii Lam
trong dot triéu cuong 7-14/12/2011 tai
Tuy Hoa - Phu Yén

P

Hinh 2. Truong gio va khi ap luc 07h ngay 09/12/2011 (a) va 07h ngay 13/12/2011 (b)
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b) Pot nudc dang di thuwong thang 2 nam
2012

Trong dot triéu cudng nay, muc nudc 1én cao
nhét tai Tram thuy van Phu Lam 1a 93 cm vao 20
gio ngay 19 thang 2 nam 2012. Do 16n nudc
dang thdp hon so véi dot tridu cuong thang
12/2011, cao nhét 1a 36 cm, nhung thoi gian ton
tai nudc dang hon 30 cm kéo dai trén 2 ngay (tir
18 - 20/2/2012) (Hinh 3). Mac du do 16n nudce
dang va myc nudc tong cong khong 1on, tuy
nhién dot triéu cudng niy giy nhiéu thiét hai da
dugc bao dién tr Nhan Dan mé ta 1a c6 nhiéu
nha dan bi song cao tdi 3 m danh sap, hon 200 m
duong bi song khoét sau [7].

Thong qua ban db tai phan tich truong gié va
khi ap tir ngy 17 — 24 thang 2 nam 2012 c6 thé
thay rang, hinh thé thoi tiét thoi ky nay kha
twrong dong vai thoi ky xuat hién dot triéu cuong
thang 12 nam 2011, d6 1a sy anh hudng cua mot
dot khong khi lanh manh tr phia Béc don sau
xuéng phia Nam két hop véi mot vung ap thip
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hinh thanh trén khu vic Nam Bién Dong sau d6
di chuyén vao khu vyc ven bd Nam Trung B9 tré
vao dén Nam Bo. Mic du cling c6 thoi diém
truong gié mua Pong Béic do khong khi lanh gay
ra dat cip 6, cap 7 nhung thoi gian khong kéo
dai, thém vao d6 ving ap thap khi di chuyén vao
phia dit lién ciing bi suy yéu nhanh do khéng.

Thiri gian (giin)

Hinh 3. Bién thién myrc nuéc quan trdc, thity
triéu va nude dang tai tram thiyy van Phit Lam
trong dot triéu cwong 17-23/12/2012 tai
Tuy Hoa - Phu Yén
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Hinh 4. Ban do treong gié vakhi dp lic 07h ngay 17/02/2012 (a) va 07h ngay 20/02/2012 (b)

¢) Dot nwoc dang di thuong thang 12 nam
2016

Trong dot triéu cudng ndy, tram nghiém triéu
do dé tai nghién ctru khoa hoc cidp Nha nudc
"Nghién ciru nguyén nhan va xay dung quy trinh
cong nghé canh bdo, dy bdo hién twong muc
nuée bién dang di thuong tai mién Trung va

TAP CHi KHi TUQNG THUY VAN

Nam B¢ Viét Nam" da tién hanh quan tric muc
nude bd sung tai cira Pa Rang [2] véi muc dich
ghi nhan dugc muc nudc dang di thuong trong
cac thang cubi nam 2016 va dau nam 2017. Vi tri
duoc lya chon nim ngay sat cura bién nén hau
nhu khong bi anh huong cua 1 trén song thudc
Tuy Hoa. Trong khoang thdi gian quan tric da
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ghi nhan 2 myc nudc dang di thuong xuat hién
tai khu vyc. Ca 2 dot nudc dang cao nay déu
dugc nhiéu to bao phan anh, thi du bao dién tur
Phu Yén va VOV [8]. Tai thoi diém dinh triéu
cudng cao nhéat vao dém ngay 13 va dém ngay
16 thang 12, trén cac song & Phu Yén xuét hién
It va tram thuy van Phi Lam cling nghi nhén 2
dinh nudc 16n trung voi thoi diém muc nudc tai
tram nghiém tridu dang cao nhat (Hinh 5). Két
qua phan tich muc nuée trén Hinh 5b cho thiy,
nudc dang di thudng 16n nhat vao dém ngay 13
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Hinh 5. Bién thién muc nuée quan trdc tai
tram nghiém triéu va tram thity van Phit Lam
thang 12/2016

Két qua md phong truong gié va khi ap do
phan giai khong gian 3km biang mé hinh WRF
cho thdy, trong dot nuéc bién dang cao di thuong
nay, gidng nhu 2 dot tridu cudng di phan tich ¢
trén, hinh thé khi tugng bi chi phdi boi gié mua
Pong Béic manh, 1an sdu xudng phia Nam va sy
ton tai ctia ving ap thap & ngoai khoi Nam Trung
B6 va Nam B9 c6 huong di chuyén vao ven bo
khu vic Nam Trung Bd. Theo két qua mo phong
truong gié va khi ap, c6 thé dua ra nhan dinh vé
mdi lién hé gitra 2 dot muc nude bién dang cao
tai Tuy Hoa - Phu Yén trong 2 dot tridu cuong
nay nhu sau:Pg¢t nudc dang cao di thuong vao
dém ngay 13 thang 12 nam 2016 c6 thé do tac
dong cua khdi khi ap thdp tir ngoai khoi di
chuyén vao bd nhu trén hinh 7a va 7b, thoi diém
1gio ngay 11/12/2016 (Hinh 7a) va 22 gio ngay

BAI BAO KHOA HQC

va 16 thang 12 12 59 cm va 61 cm. Két qua cua
dot khao sat myc nudc dang di thuong nay da
dugc phan tich ki ludng ciia nhom tac gia Tran
Hong Thai va NNK [2]. Theo d6, nudc dang di
thuong chi xuét hién cuc b tai ven bién Tuy Hoa
- Pht Yén, $6 liéu quan tric muc nudc tai tram
hai van Quy Nhon (cach Tuy Hoa khoang 100
km vé phia bic) va Nha Trang (cach Tuy Hoa
khoang 80 km vé phia nam) di khong ghi nhan
muc nudc dang di thuong.
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Thiri gian (gioy)

Hinh 6. Bién thién muyc nwéc quan trdc, thity
triéu va nude dang tai tram quan trdc muc
niede bé sung Tuy Hoa thang 12/2016
12/12/2016 (Hinh 7b). Trong khi d6 trudc khi
xuét hién dot nude bién dang cao di thudng vao
dém ngay 16 thang 12 nim 2016, ving ap thap
d3 tan do khong khi lanh manh va l4an sau xudng
phia Nam. Trén hinh 7¢ va 7d c6 thé thay réng,
trong ngay va 16 thang 12, truong gié hudng
Dong Bic va léch Dong théi lién tuc vao khu vuc
ven bién Pht Yén vé6i van toc 1én t6i 17 m/s (cap
7). Gi6 ¢6 cuong do manh, hudng 6n dinh va
thoi gian kéo dai c6 thé 1a nguyén nhan gy nén
muc nude bién dang cao di thuong trong dot
triéu cuong nay. SO liéu quan tric gié va khi ap
tai Cira Da Rang trén Hinh 8 ciing ghi nhan trong
dot nudc dang lon vao dém 13 thang 12 khi ap
va van toc 216 tai Phu Yén giam, trong khi do tai
dot nudc dang 16m vao dém ngay 16 thang 12 ca

khi 4p va van toc gié déu ting.
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Hinh 7. Truong gié va khi dp trong dot triéu cwong vao giita thang 12 nam 2016
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Hinh 8. Bién thién nuée ding di thieong véi van toc gié (a) va khi ap (b)

Budc dau phén tich trudng gié va khi ap trong
céc dot nude bién dang cao di thudng trong cac
dot tridu cuong tai tai Tuy Hoa - Phu Yén c6 thé
thy rang hién twong muc nudc bién dang cao tai
day co mbi lién hé véi cac dot khong khi lanh
manh va lan dan xudng phia Nam, dong thoi
cling trong thoi gian nay c6 sy hinh thanh cua
mot ving khi ap thap tai ngoai khoi Nam Trung
Bo va Nam B6 c6 hudng di chuyén vao ven bo
Nam Trung Bo. Tuy nhién, dé c6 co sé khoa hoc
chit ché xac dinh mdi lién hé nay, can thiét phai
sit dung mo hinh sé tri hai duong mé phong
nudc dang trong cac dot nudc dang di thuong
nay dudi tac dong cua gié va khi ap. Bén canh
do, dia hinh dac trung cta khu vuc rat ¢6 thé anh
hudng té1 d 16n nude dang. Day la ndi dung
nghién ctrurt quan trong va sé duoc dé cap trong
bai bao tdi.

4. Két luan

Trong nghién ciru ndy, méi lién hé gitta muyc
nudc bién dang di thuong tai Tuy Hoa - Phu Yén
v6i hinh thé thoi tiét dugc phén tich trén co s6 s6
liéu quan tric muc nudc tai tram thuy van Phu
Lam va tram nghiém triéu tai ctra bién Ba Ri'mg
va truong gio, khi ap tai phan tich trong thoi gian
nay. Trong d6, tram nghiém triéu duoc thiét 1ap

tir thang 11 nam 2016 dén thang 1 nim 2017
nham ghi lai hién tuong nudc bién dang di
thudng ngay tai ctra bién. Truong gi6 va khi ap
trong dot triéu cudng thang 12 nam 2016 duoc
mo phong tai phan tich chi tiét bang mé hinh
WREF.Trudng gié va khi ap trong 2 dot triéu
cuong con duge thu thap tir ECMWR. Két qua
budce dau cho thiy myc nude bién dang cao bat
thudng trong cac dot triéu cuong tai Tuy Hoa -
Phi Yén c6 mdi lién hé voi khong khi lanh
manh, kéo dai va lan sau xudng phia Nam. Ngoai
ra, trong thoi gian nay ton tai mot xody thap &
ngoai khoi Nam Trung B va Nam B¢ va co xu
hudng dich chuyén vao ven bd Nam Trung Bo.
Két qua nghién ciru ¢ trén rat co y nghia cho
cong tac giam sat, canh bao hién tuwong muc
nuéc bién dang di thuong tai khu vuc. Tuy
nhién, dé co co s& khoa hoc chit chd hon xéc
dinh mdi lién hé nay, can thiét phai tién hanh mo
phong nudc dang di thudng tai khu vuc bang mo
hinh s6 tri hai dwong dudi tac dong cua cac hinh
thé thoi tiét nay. Ngoai ra, anh huong cia dia
hinh khu vuc ciing can dugc nghién ctiu ky
ludng. Pay sé 1a ndi dung nghién ctru rat quan
trong va s& dugc dé cap trong cac bai bao téi.

Loi cam on: Nghién ciru nay duwoc tdi tro béi Bé khoa hoc va cong nghé trong dé tai "Nghién

cieu nguyén nhdn va xdy dung quy trinh cong nghé canh bdo, dw bdo hién twong muwc nwée bién
ddng di thuwong tai mién Trung va Nam B¢ Viét Nam", ma s6 PTTPL-CN.35/15. Tap thé cdc tdc gia

xin chan thanh cam on.
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INITIAL STEP STUDY THE RELATIONSHIP BETWEEN THE
ABNORMAL SURGE WITH WEATHER SITUATIONIN
TUY HOA - PHU YEN
Nguyen Ba Thuy, Tran Quang Tien
National Hydrometeorolocical Forecasting Center

Abstract: In this study, the relationship between the abnormal surge at Tuy Hoa-Phu Yen with
weather situation (wind and pressure filed)was analyzed based on the observation data at Phu Lam-
station, an esuary hydrological station located about 2 km from the Tuy Hoa coast line, a temporacy
tide station at Da Rang and the re-analyze wind and pressure data from ECMWR.In which the wind
and pressure fieldsduring the spring tide phase on December 2016 was re-analyze simulation in de-
tail by WRF model. The results show that the absnormal surge was related with strong Northesat
monsoon with long duration and came deep to the south andcombined a low-pressure area at the off-
shore tendence slowly moving to the shore. This result is usefuld for monitoring, warning this phe-
nomenal in this area, and open the idea study this phenomenon by numerical simulation.

Keywords: Abnormal surge, Spring tide, weather situation Tuy Hoa.
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MO PHONG HIEN TUQONG NUOC BIEN DANG DI THUONG
DO NHIEU BONG KHI AP TAI VEN BIEN MIEN TRUNG

Nguyén B4 Thiy

Trung tdm Dy bdo Khi twong Thity van Quéc gia
E-mail: thuybanguyen@gmail.com

Ngay nhén bai: 3-2-2018; Ngay chap nhan ding: 20-3-2018

Tém tit. Trong nghién ciru ndy, hién twong muc nude bién dang di thudng do nhidu dong khi ap tir
ngoai khoi Bién Pong di chuyén vao ven bién mién Trung dwoc md phong theo mot s6 kich ban vé
d6 chénh léch khi ap 16n nhét (P,,,,), kich c¢& (L) va toc d¢ di chuyén (C,) ctia khéi nhidu dong. M6
hinh mé phong myc nude bién dang di thuong dugc xay dung duya trén hé phwong trinh song dai 2
chiéu c6 xét téi anh huong cta do chénh khi ap trén bé mit bién. Két qua cho thay, khi d6 chénh
léch khi 4p va kich c& cua khéi nhidu dong cang 16n thi do 16n nude dang tai ven bién Tuy Hoa
cang cao; khi tde do di chuyén ctia khéi nhidu dong khi ap tang thi d d¢ 16n nudc dang tang, dat
gia tri 16n nhét 0,72 m khi C, = 45 km/h va sau do6 giam dan. Trong khi d6, chu ky nuéc dang s&
giam dan cho toi khi C, = 30 km/h va sau d6 hau nhu khong thay di. Khu vurc ven bién quanh vi
tuyén 13°N duoc ghi nhin c6 nudc dang 16n hon so vé6i hai phia, nguyén nhan c6 thé 1a do do dbc
duong bo 16n. Két qua cua nghién ciru ¢6 ¥ nghia trong viéc xac dinh nguyén nhan gay muc nudc
bién déng cao bét thudng tai khu vire, phuc vu quy hoach va xay dung phuong an tmg pho véi dang
thién tai nay.

Tiur khoéa: Bién Dong, khi ap, muc nude bién dang.

MO PAU
Tai mot s6 viing ven bién, clra séng va nhat
1a cang bién trén thé gioi, tham hoa gy boi
myuc nudc bién dang bét thu:orng da xay ra
thu:orng xuyén va thuong duoc gin véi nhidu
ten goi khac nhau cho tung dia phuong nhu
“rissaga” & quan dao Balearic, “sciga” trén bo
bién Croatia, “marubbio” & Sicily, “milghuba”
0 Malta, “abiki” va “Yota” tai Nhat Ban [1-3].
Nhiéu tham hoa dén ndi nguodi dan tai dla
phuong goi 1 cic con song chét “death waves”
nhu ¢ tay Ireland, cac dao Azores va Madeira
[2, 4-6]. Tai nhitng noi nay c dén mot so
thang xac dinh trong mét hodc vai nam la Xudt
hién muc nudc bién dang cao bat thuo’ng va
tham hoa di kém. Mot s6 nguyén nhén gy nén
muc nude bién dang cao bét thuong da duoc
loai trir va c6 thé so bo danh gia rang chiing

xudt hién duong nhu duogc giy boi cing mot
nguyen nhan, d6 14 do qua trinh nhiéu dong khi
quyén [1, 2, 6]. Hau qua ctua myc nudc bién
dang cao bat thudng 1a rat nghiém trong do boi
tinh bat ngo, kho canh bao dugc cua hién
tuong. Thi du “rissaga” ngay 21 thang 6 nim
1984 da pha huy khoang 300 tau thuyén. Gan
day hon, vao ngay 15 thang 6 nam 2006, cang
Clutadella bi anh huong boi cac sy kién

“rissaga” giy 4n tuong nhat trong 20 nim qua
khi d§ cao nudc dang quan sat duge ¢ cang gan
6 m va tong thiét hai kinh té 1én dén hang chuc
triéu Euro [5, 6].

Tai ven bién mién Trung Viét Nam, nhit 1a
Tuy Hoa-Pht Yén cur vao cac thang cubi va dau
nam hay xuét hién myc nudc bién dang cao bét
thuong (dan gian hay goi la tri€u cu’ong)
Nhitng dot nuéc dang cao bat thuong niay phan
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16n xuat hién khong phai trong thoi gian co6
hoat dong cua bdo. Ngoai thuy tricu thi trong
cdc dao dong nudc 16n c6 dong gop dang ké
ctia myc nudce bién dang do tic nhan khi twong
(nh1eu dong khi ap hodc glo mua), day la Iy do
gidi thich khong phai tat ca nhitng ‘ngay co thuy
tridu cao thi muc nudce lai cao bat thuong ma
chi vai ngay trong s6 d6 [7]. Khi muc nude
dang di thuong Xudt hién trung v6i thoi diém
tridu thién van cao, két hop véi song 16n s€ tro
nén rat nguy hiém nhu gy ngap lut, x6i 1o
ving bo. D c6 mot sd nghién ctru ban dau vé
hién tuong myc nudce bién dang cao bat thudong
tai ven bién mién Trung nhu: Tac g1a Bui Xuan
Thong (2007) [8] da thong ké cac dot muc
nudc bién ding cao di thuong tai khu vyc theo
sO liéu ghi nhan tir phuong tién thong tin dai
ching, chinh quyen dia phuong va didu tra
khao sat va cho két luan rang da phin cac dot
nude bién ding cao bat thuong tai day xuat
hién vao cac thang cudi va dau nim va thuong
lién quan t6i hoat dong cua gi6é mua Pong Béc
tai khu vyc; nhom tac gia Nguyén B4 Thiy va
Tran Quang Tién (2018) [9] sau khi phan tich
mdi lién hé giita cac dot triéu cuong cao tai
Tuy Hoa-Pht Yén v6i cac hinh thé thoi tiét da
dua ra két luan trong cac dot muc nude bién
dang cao tai Tuy Hoa-Phu Yén c6 hoat dong
cua khong khi lanh manh lin sau xuong phia
nam va dong hoi c6 su ton tai ciia khéi ap thap
¢ ngoai khoi Nam Trung Bo va Nam B¢ va cé
hudéng dich chuyen vao ven bo Nam Trung Bo;
nhom tac gia Tran Hong Thai va nnk., (2017)
[7] sau khi phan tich s6 liéu muc nudce ta1 tram
thuy van Phi Lam va tram nghiém triéu trong
cac dot triu cuong cao tai Tuy Hoa-Pha Yén
da khang dinh rang c6 su xuat hién cta nudc
dang voi bién do thu'ong khoang tr 0,5-1,0 m
trong cac dot tricu cuong cao tai Tuy Hoa-Pha
Yén. Nhu vay, c6 thé khang dinh co sy xuét
hién cta hién twong muc nude bién ding cao
bét thuong trén nén thiy tridu tai ven bién mién

muyc nude bién dang cao bét thuong tai day Van
chua duge 1am sang t6 boi do han ché vé sb
ligu quan tric myuc nude ciing nhu s6 liéu quan
trac va phén tich khi tugng (gio, khi ap). Muyc
nuée bién dang cao bat thuong tai day kha
ning do nhiéu nguyen nhan nhu tac dong cua
khong khi lanh, ving ap thip hodc vung nhiéu
dong khi ap nhu dé cap trong cac nghién ctru
cua nudc ngoai o trén.

Trong nghién ctru nay, mot huong tlep can
dé xac dinh nguyén nhan va quy mo cua myc
nue ding cao di thuong tai ven bién mién
Trung dugc thye hién, d6 1a theo hudng do tac
dong cia khéi nhidu dong khi ap Kich ban m6
phong dugc gid dinh la c6 sy ton tai cua khoi
nhiéu dong khi &p tai ngoai khoi gilta khu vuc
gitta va nam Bién Dong va dich chuyén vao
ven bién mién Trung Kich ban m6 phong dugc
thuc hign v6i cac truong hop vé su thay d01 cla
d9 chénh khi ap 16n nhat, kich ¢& va van tbc di
chuyen khéi nhidu dong Ung v6i moi kich ban
moé phong, do 16n nudc dang tai ven bién mién
Trung duoc phan tich. M6 hinh mo phong hién
tuong muc nudc bién dang cao bét thuong do
nhiéu dong khi ap duge xay dung dya trén hé
phuong trinh song dai 2 chiéu. Két qua cua
nghién ctru c6 y nghia trong viéc xac dinh
nguyén nhan phuc vu xay dung phuong an quy
hoach va tng phé véi dang thién tai nay.

MO HINH VA KICH BAN MO PHONG
DAO DPONG NUGC DANG DO NHIEU
PONG KHI AP

Hé phlr(rng trinh song dai c6 xét toi do
chénh ap suit khi quyen trén bé mit bién.
Mo hinh tinh todn nuéc bién dang ghoac goi la
dao dong song dai) dugc phat trién dya trén
phuorng trinh song dai hai chiéu c6 x€t to1 tac
dong cua do chénh ap suit khi quyén trén bé
mit bién. Hé cac phuong trinh duoc dién ta
duoi day:

Trung va cu thé 1a Tuy Hoa-Phu Yén voi bién a_§+6&+%:0 (1)
do rat dang ké. Tuy nhién, nguyén nhan giy o ox Oy

00, o0 o(Q0, 84’ ogn

= —= + +
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Trong dé: Q. Qy la luu lugng nude theo
phuong x va y, ¢ 1a thoi gian, d la téng do sau
(d=h+0), h 1a 46 sdu ban dau, ¢ 1a dao dong
myc nuoc trén d cao trung binh, g 1a gia toc
trong truong, p 1a mat do nude bién, n 1a hé so
nham (n = 0,025 trong tinh toan nay), f 1a hé s6
Coriolis (f = 7,3x10° s, P la do chénh cua ap
suat khi quyén so voi ap suat nén trung binh (4p
suat nén = 1013 mbar). Hé phuong trinh trén
dugc giai bang phuong phéap sai phin hitu han.
Tai cac bién long, diéu kién bién phat xa duogc
ap dung, trong khi d6 didu kién bién phan xa
dugc ap dung tai cac bién cimg. Sy chénh léch
ctia 4p sut khi quyén trén bé mit bién sé& tao
nén cac song c6 chu ky dai trén bién, cac song
nay phat trién va lan truyén vao bo. Co so Iy
thuyét va phuong phap giai hé phuong trinh
trén duoc trinh bay chi tiét trong nghién ctru
cua Kakinuma va Fukita (2012) [3].

Kich ban bian mé phéng. Trong nghién ciru
ndy, co ché hinh thanh, phat trién, lan truyén va
tang bién d6 cua soéng dai do nhlpu dong khi ap
da dugc thir nghiém theo so d6 trong nghién
ciru cia Monserrat va nnk., (2006) nhu minh
hoa nhu trén hinh 1 LlO Theo do, do su chéch
léch 4ap suat khi quyén trén bé mit bién da tao
nén sy chénh léch muc nudce bién (tic 1a tao ra
song dai vdi bién do nho, khoang 3 cm). Néu
khong c6 tac dong nao khac va voi do cao song
nho6 nhu vay s€ khong tac dong nhiéu dén vung
ven bo. Tuy nhién, trong qua trinh di chuyen
ctia song dai, thi khdi khong khi nhidu dong
cling dich chuyen cung hudng. Trong truong
hop khi vén toc cua khoi nhiéu dong khi quyén
(U) cliing ¢& v6i van toc lan truyén cua song dai
(C) s€ tao nén sy cOng hudng khong mong
muon d6 cong huong Proudman [11] . Khi vao
gan dén bo, do anh hudng cua hiéu g nude
nong, d6 cao song dai dugc tang thém. O ph1a
trong cang bién, khi chu ky cua song dai cung
c¢d v6i chu ky dao dong riéng ciia cang bién sé
lam ting bién dd cua song trong cang. Theo
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nhu hinh 1 khi bit ddu hinh thanh ngoai khoi,
dd cao song chi 3 cm. Tuy nhién khi vao bo da
tang 1én 1,3 m va trong cang da 1én toi 4.8 m.
Nhu vy c6 thé thdy rang, véi mot hinh thé khi
ap phu hop, dao dong myc nude tai ven bo va
trong cang c6 thé ting 1én rit cao. Yéu té bat
thuong va khoé du bao la nguyén nhan chinh
gdy thiét hai l6n cia muc nudc di thuong do
tac nhan nhidu dong khi 4p gy nén.
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Hinh 1. Minh hoa vé co ché hinh thanh,
lan truyén va tang bién do soéng dai
do chénh 1éch khi ap

Hinh 2. Kich ban gia dinh vé phan bd khi 4 ap
trong khdi nhiéu dong trong mo phong nudc
dang di thuong tai ven bién mién Trung

Kich ban tinh toan ap dung cho khu vue
ven bién mién Trung duoc gia dinh 1a ton tai
mot khoi nhleu dong khi ap tai ngoai khoi gitra
va nam Bién Pong co phin bé déu dang
parabol nhu trén hinh 2 va dich chuyen vao ven
bo bién Nam Trung Bo voi van téc khong doi
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va tao ra cac song dai lan truyén vao bd. Cac
kich ban mo phong duoc thyc hién khong xét
t61 anh huong cua thuy triéu, co6 nghia 1 chi
tinh séng trén nén myc nudc bién trung binh.

P(x,to)z

Trong do: P 1la d6 chénh khi ap, P,. 1a do
chénh khi 4p 16n nhét, L kich thuéc ngang cia
khéi khi 4p nhidu dong, x. 1a kinh d6 tai tAm
khéi khi ap (lay tai kinh tuyén 119 trong nghién
clru nay). Khdi khi ap c6 phan’ b nhu vay duoc
gia thiét di chuyen voi van tée déu C, di vao
viing bién mién Trung.

Mién tinh cho khu vic mién Trung duoc
glm han tir 12-14°N, 109-120°E, vé6i d6 phan
gidi cua m6 hinh theo phuong kmh va vi tuyén
1a 1,85 phut (xap xi 1 km), budc thdi gian tinh
ctia mo hinh 1a 2 giay.

KET QUA TiNH TOAN

Trén hinh 3 Ia phan bd dao dong bé mat
bién doc theo vi tuyén 13 tai thoi diém 5000 s,
7000 s va 8000 s sau khi khéi nhidu dong kh1
ap dich chuyen v6i diéu kién cua kh01 nhiéu
dong khi ap la do chénh khi ap 16n nhét P, =
2 hPa, chiéu dai khdi nhidu dong L = 10 km va
van tdc di chuyén C, = 40 km/h. Co thé thay
rang, su chénh léch kh1 ap trén bé mat bién da
tao nén cac song co chu ky dai trén mat bién.
D cao va chu ky song thay doi trong qua trinh
lan truyén vao bo, cu thé cang vao gin by do
cao song cang ting va chu ky séng giam do
hiéu ng nude néng. Dao dong theo thoi gian
cua dg cao song tai vi tri ven bién Tuy Hoa-Phu
Yén duoc thé hién trén hinh 4 cho thdy d6 cao
song 1on nhét xuat hién tai thoi diém 9672 gidy
khi sau khi khoi khi 4p bat dau di chuyen
Truéc khi dat do cao 16n nhat, da xuét hién cac
con song vo1 bién do nho va bién do cac song
sau cling glam dan sau khi dat d6 cao 16n nhat.
Chu ky cua song lén nhét 1a 468 glay va cac
con song khac déu co6 chu ky c0 vai tram glay
Vé6i ¢o chu ky nhu Vay, ¢ thé coi tri s6 cla
dinh song la d 16n cua nude dang. Trén hinh 5
1a phan bd do cao nuwéc dang I6n nhit tai ven
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Vé6i hinh thé khi 4p phan bd nhu trén
hinh 2, tri sd ciia do chénh khi 4p trén toan
mién t1nh theo khong gian va thoi gian dugc
xac dinh theo cong thirc dudi day [3].

4)
(|x—xc| < L/Z)

bién mién Trung trong suot qua trinh kh01
nhiéu dong khi ap dich chuyen vao bo. Co the
nhan thiy ring khu vyc ¢6 nude dang 16n nam
xung quanh vi tuyén 13. Dia hinh c6 ddc 16n co
thé 1a nguyen nhan gay nudc dang cao hon tai
khu vyc nay so voi phia trén va dudi.
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Hinh 3. Dao dong bé mit bién doc theo vi
tuyén 13 tai thoi dieém 5000 s, 7000 s va 8000 s
(Pwax=2 hPa, L =10 km, C,= 40 knm/h)
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Hinh 4. Dao dong theo thoi gian cua nudc
dang tai vi tri ven bién Tuy Hoa-Phu Yén
(Ppax =2 hPa, L= 10 km, C,= 40 k;m/h)
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Hinh 5. Phan bd d6 16n nude dang tai ven bién
mién Trung (P.= 2 hPa, L =10 km,
C,= 40 km/h)

Anh hwéng cia d§ chénh khi ap 16m nhit va
chiéu dai khdi nhiéu dong khi ap
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Hinh 6. Dao dong theo thoi gian d6 cao nudc
dang tai Tuy Hoa voéi su thay ddi cua P,
(L =10 km, C,= 40 km/h)

Pé danh gia anh huong cua do chénh khi 4 ap
16n nhit toi d cao nude dang tai ven bién mién
Trung, cac diéu kién tinh toan dugc gla dinh
voi chleu dai khdi nhidu dong khi 4p L =
10 km, toc d6 di chuyén C, = 40 km/h, do
chénh khi ap véi 3 truong hqp twong ung la
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P,.—= 1,2, 3 hPa. Trén hinh 6 la dao dong theo
thoi gian cua do 16n nude dang tai Tuy Hoa voi
3 truong hop thay 601 cua do chénh khi ap 16n
nhat. Két qua cho thdy khi d6 chénh khi ap lon
nhit cang tang thi s€ nudc dang 16n nhat tai
Tuy Hoa cang cao. V&i d§ chénh khi ép 1a
3 hPa c6 thé gy nudc dang 16n nhét téi hon
1 m. Véi d6 lon nudc dang nhu Vay s€ gay
ngap lut tai nhiéu noi trong pham vi tinh toan.
Trén hinh 7 1a dao dong d6 16n nudc dang tai
Tuy Hoa trong truong hop mo6 phong voi cung
d6 chénh khi ap, 16n nhét Prax=2 hPa, C, =40
km/h nhung chiéu dai khéi nhidu dong kh1 ap L
lan luot 12 8, 10 va 20 km. Tu(mg ty nhu véi sy
thay do6i cua do chénh khi ap 16n nhit, khi
chiéu dai khéi nhiéu dong khi 4p cang ting thi
d6 cao nudc dang cang cao.

1.5+

—L-8 km
==-L-10 km

'

6000 9000 12000 15000

Thoi gian (gidy)
Hinh 7. Dao dong theo thoi gian d6 cao nudce

dang tai Tuy Hoa véi su thay do6i ctia L
(Pyax =2 hPa, C, = 40 knvh)

Anh hu’(mg ciia toc do di chuyén khdi nhiéu
dong khi ap. Anh hucyng ctia toc do di chuyen
ctia khéi nhidu dong khi ap C, t6i d§ cao nudce
dang tai ven bién mién Trung dugc phan tich
cho céc truong hop gilr nguyen chiéu dai khéi
lidu dong khi ap L = 10 km va d¢ chénh khi ap
16n nhat Py = 2 hPa nhung toc do di chuyen
ctia khdi nhidu dong khi ap thay d6i, twong tng
la C, = 20-70 km/h. Trén hinh 8 1a phin bo
nude dang 1on nhét va chu ky tuong trng voi sy
thay d6i cua toc do di chuyén kh01 nhi¢u dong
khi ap. Két qua cho thay khi téc do di chuyén
ctia khdi khi ap tang thi do cao nude dang tang
va dat gia tri 1on nhat Z = 0,73 m khi C, =
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45 kn/h va sau d6 giam dan. Trong khi @6 chu
ky nudc dang c6 xu hudng gidm dan toi gia tri
khoang 500 s khi C, = 30 km/h va sau d6 hau
nhu khong thay doi.
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Hinh 8. BJ cao nudc dang 16n nhat va chu ky
song tai Tuy Hoa véi su thay d6i cua toc do di

chuyén khoi nhiu dong khi ap C, = 20, 45 va
70 km/h
0.8
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Hinh 9. Phan bo d6 cao nude dang 16n nhét doc
theo kinh tuyén 13°E vdi 3 truong hop cia
C, =20, 45 va 70 km/gio

Trén hinh 9 14 phan bd do cao nudc dang
16n nhat doc theo kinh vi tuyén 13 v6i 3 truong
hop ctia van toc di chuyen khéi khi ap C,=
40 va 70 km/gio. C6 thé nhén thiy rang tai khu
vuc xa bo (ngoai kinh tuyén 110°) dé cao nude
dang hau nhu khong thay d6i va rat nho (dudi
0,1 m). Tuy nhién, tir kinh tuyén 110° tré vao
nuée dang ting dan do hiéu ung song nudc
néng khi vao viing bd voi do sau giam dan. Tuy
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nhién, trong 3 trudng hop cia téc d6 di chuyén
khdi nhidu dong khi ap thi khi C,= 45 km/h da
gdy nudc dang 16n hon so voi 2 truong hop con
lai. Van téc di chuyén ctia kh6i nhidu dong khi
ap C, = 45 km/h gin bing v6i van tdc lan
truyén cua song nudc sdu ngoai khoi la nguyén
nhan 1am ting do cao soéng dai khi di chuyén
vao vung ven bo do hiéu ung cong hudng
Proudman [11]. C6 thé kiém tra sy cong huéng
ndy trén hinh 10, & d6 phan b6 nuéc dang va
khi 4p doc theo vi tuyén 13 tai thoi diém 8967 s
tinh tir khi khdi nhiu dong khi ap dich chuyén,
dinh nuéc ding gin nhu trung voi dinh cta
khéi nhidu dong khi ap.
0.4 r 25
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Hinh 10. Phan bd d6 16n nude dang va khi ap
doc theo kinh tuyen 13°N tai thoi diém
8967 s sau khi kh01 nhiéu dong khi ap

bét dau di chuyén

So sanh phén bd nude dang 16n nhit tai ven

bién mién Trung v&i 2 trudng hop G,
20 km/h va 45 knv/h thé hién trén hinh 11 da
cho thiy hiéu ung cong huong Proudman do
toc do di chuyen cua khoi nhiéu dong khi ap
gin bang voi toc do cua song dai trén bién
trong truorng hop C, = 45 km/h di lam tang d¢
cao nudc ding tai ven bién mién Trung. Hiéu
tmg cong huong Proudman cé thé giai thich
rang khong phai khi nao ¢6 sy hinh thanh va di
chuyén cia khéi nhidu dong khi ap nhu vay
cling gy ra nuGc dang 16n tai ven bo ma chi
khi toc do di chuyen ctia khéi nhiéu dong phu
hop v6i van toc di chuyen cua song dai ma do
ban than n6 sinh ra trén bién.

Trén day 1a mot s6 két qua mo phong myc
nuée bién dang di thuo‘ng tai ven bién mién
Trung theo kich ban vé sy ton tai va di chuyen
vao ven by bién mién Trung cua khéi nhleu
dong khi ap c6 phin bd dang parabol. Két qua
ndy c6 y nghia trong phan tich tim hiéu nhitng



dang nguyén nhan gay myc nudc bién dang cao
bat thuong tai Tuy Hoa - Phu Yén ma hau nhu
nim ndo ciing xuat hién vao cac thang cudi va
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dau nam, dong thoi danh gid nguy co myuc nuGe
bién dang cao bét thuong phuc vu cong tic quy
hoach va tng phoé dang thién tai nay.
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Hinh 11. Phan bd d6 nude dang 16n nhét tai ven bién mién Trung
(a) C,= 20 km/h, (b) C, = 45 km/h

KET LUAN

Nuéec bién dang di thuong do nhidu dong
khi 4p tai ven bién mién Trung Viét Nam duoc
mo phong theo kich ban gia dinh vé su ton tai
ciia mot khdi nhifu dong khi ap c6 phan bo
dang parabol tai ngoai khoi gilta va nam Bién
Pong di chuyén véi van toc déu vao ven bién
Nam Trung Bo duge m6 phong bang md hinh
s6 tri dua theo hé phuong trinh séng dai 2
chiéu. Anh huong cua do chénh khi ap 16n
nhat, kich ¢ va téc do di chuyen cia khoi
nhidu dong khi ap t61 do 1on nudc dang da
dugc tinh todn va phan tich. Mot sO két qua
chinh dat duogc c6 thé duoc tom tit nhu sau:

Su chénh léch ap suat khi quyen trong
khdi nhiéu dong khi ap da tao nén cac song co
chu ky dai va trong qué trinh lan truyen vao bo,
hiéu 1 g cong hudng Proudman, hi¢u irng nudce
néng va dia hinh déc ving ven bo da 1am ting
dd 16n cta cac song dai, hay con goi la nudc
dang. D9 16n nude dang tai ven bo tang khi
chiéu dai cua khdi nhleu dong cung nhu do
chénh lon nhat clia 4p suat khi quyén tang.

Khi tdc d6 di chuyén ciia khéi nhiéu dong
khi ap tang thi d§ cao nudc dang ven bo ting

va dat gla tri 16n nhat Z = 0,73 m khi G,
45 km/h va sau d6 giam dan. Trong khi do6 chu
ky song c6 xu huéng giam dan t6i gia tri
khoang 500 s khi C, = 30 km/h va sau do hau
nhu khoéng thay d01 Nguyén nhan cua nude
dang ven bo dat g1a tri 16n nhat khi van téc di
chuyen khéi khi ap khoang 45 km/h 1a do su
cong huong Proudman gy nén voi truong hop
toc do di chuyén cua khoi nhidu dong khi 4p
bang toc do di chuyen cua song dai trén bién do
chinh khéi nhiéu dong khi ap sinh ra.

Hién tuwong muc nudc b1en dang cao bat
thuong tai khu vue cho mét s6 kich ban g1a
dinh vé cac dang phan bo khac nhau cua khi ap
cling nhu trong mot sd trudng hop thuc té s&
dugc md phong va phén tich trong cac nghién
ctru tiép theo.

Loi cam on: Nghlen ctru nay dugc tai trg boi
B9 khoa hoc va Cong nghe trong dé tai
“Nghién cvuu nguyén nhdn va xdy dung quy
trinh cong nghé canh bao, dy bdo hién tuwong
muee nude bién ding di thLm’ng tai mién Trung
va Nam B¢ Viét Nam”, ma s6 PTDL-CN.35/15.
Tap thé cac tac gia xin chan thanh cam on.
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NUMERICAL STUDY ON THE ABNORMAL SURGE DUE TO
ATMOSPHERIC PRESSURE VARIATION ON THE CENTRAL
COAST OF VIETNAM

Nguyen Ba Thuy

National Centre for Hydrometeorological Forecasting, Hanoi, Vietnam

Abstract. In this study, the abnormal surge due to atmospheric pressure variation assumed to travel
to the Central coast of Vietnam was simulated in some scenarios of maximum atmospheric variation
(Pnax), the size (L) and the speed of the movement (C,) of the atmospheric disturbance. The
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Mb6 phéng hién tiwgng mieée bién ding di thiong...

numerical model is based on two-dimensional long wave model considering the effect of
atmospheric pressure variation on the sea level. The results showed that the surge height at the
coastal area incresed as the size and maximum atmospheric variation of disturbance pressure
increased. In which, when the traveling speed of atmospheric disturbance increased, the surge
height increased, reaching to the maximum value of 0.72 m at C, = 45 km/h, then decreasing.
Meanwhile, the wave period decreased gradually to C, = 30 km/h and was then almost unchanged.
The coastal area around the latitude of 13°N was noted to have a higher surge level than both sides
that may be due to the high steep of coastal topography. The results of the study are significant in
investigation into the reason of abnormal surge in the area as well as serving the planning and
disaster preparedness.

Keywords: East Sea, pressure, the rising sea level.
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BAI BAO KHOA HQC

HIEN TUQNG MUC NUOC BIEN DANG DI THUONG TAI
TUY HOA - PHU YEN

Tran Hong Thai', Tran Quang Tién2 Nguyén Ba Thiiy%, Dwong Qudc Hing!

Tém tit: Trong bai bdo nay, hién tuong muc niede bién dang cao di thwong trong mét sé dot triéu
cwong tai Tuy Hoa - Phii Yén dd dwoc phdn tich theo sé liéu quan trdc tai tram thity van Phii Lam,
Vi tri cdch cira bién khodng 2 km va sé liéu quan trac muwc nude bé sung tai cira Pa Rang trong thang
12 nam 2016. Két qua cho thdy trong cdac dot triéu cuong tai Tuy Hoa - Phit Yén ma cdc phwong
tién truyén thong ciing nhir nguoi dan phan énh thi tai tram thity van Phii Lam déu ghi nhdn hién
twong muc nwée dang cao bat thieong. S6 liéu quan trdc bo sung tai Cira Pa Rang da ghi nhdn 2
dot muc nuwée ding cao, vao ngay 14 va 16 thang 12 nam 2016. Két qud phan tich s6 liéu myc niwde
trong cdc dot trieu cuong tai Tuy Hoa - Phii Yén dd khangdinh c6 hién tiwong muec nuede bién ding
cao bdt thiong tai day mdc di la nhitng ngay khéng cé hoat dong ciia bao hay dp thdp nhiét déi.
Phan tich méi twong quan giita muec nwde tai tram quan trac bé sung va tram thity vin Phit Lam ciing
khang dinh rang nwde dang di thuong tai civa bién Tuy Hoa cé thé ghi nhdn dwoc tai tram thity vin

Phu Lam.

T khoa: Triéu cuwong, miee nude di thieong, Tuy Hoa.

Ban Bién tap nhan bai: 10/03/2017

1. Mé dau

Muc nuéc ven bién 13 van dé rit quan trong
trong cong tac phong tranh thién tai, quy hoach,
phat trién va an ninh qudc phong vung ven bo.
Dao dong muc nude bién noi chung va ving ven
bo bién noi riéng c6 thé duge chia ra 1am hai
nhom dao dong chinh: Nhém dao dong cé chu
ky: d6 1a dao dong thiy triéu va Nhom dao dong
khong c6 chu ky: dang chii ¥ nhét 1a dao dong
dang, rt do gié va nhidu dong khi 4p. Trong
nhirng dao dong ké trén nguy hiém nhat 1a hién
tuong nudc dang do bao. Tuy nhién, trong mot
s6 truong hop khong phai 1 hiém di xay ra tai
mot s6 viing ven bién, cang bién va cira song 1a
hién tugng muc nudc bién dang cao bét thuong
ngay ca khi khong c6 bao, trong truong hop nay
goi 1a myc nudc bién dang di thudng.

Khai niém vé muc nudc bién dang di thuong
trong bai bao nay dugc hiéu 12 hién tugng muc
nude bién ding cao trén nén thuy triéu nhung
khong phai do bdo hay 4p thap nhiét doi. Theo
cac nghién ctru ctia nude ngoai, phan 16n nguyén

Trung tam Khi twong Thiyy van quéc gia

’Trung tam Dy bdo khi twong thiy van Trung wong

Email: nguyenbathuy01@gmail.com

Ngay phéan bién xong: 25/03/2017

nhan gay myc nudc dang di thuong ¢ vung ven
b, clra séng va cang bién 1a do su cong hudng
clia cac song dai tir ngoai khoi truyén vao. Cac
song c6 chu ky dai nay duoc sinh ra chu yéu boi
mot s6 nguyén nhan nhu: cac qua trinh nhidu
dong khi ap (chénh 1éch ap suat khi quyén trong
khong gian hep, su dich chuyén ctia cac front
lanh), song than, cac hoat dong dia chan dia
phuong, cac song nodi va dong chay siét. Ngoai ra
nudce dang 16n trong cac dot gid mua manh, kéo
dai, thoi theo hudng 6n dinh ciing duoc goi la
hién twong muc nude bién dang di thuong [3, 4,
5]. Theo nhiéu két qua nghién ctru cua cac
chuyén gia nudc ngoai thi qua trinh nhiéu dong
khi ap 1a nguyén nhan pho bién gy muc nudc
dang di thuong tai vung ven bo, cira song, trong
cang bién va thuong xay ra trong mot so thang
nhit dinh trong niam tiy theo timg khu vuc [6].
Tuy nhién, viéc xac dinh chinh xac thoi diém x4y
ra van con gip nhiéu khé khin. Trong mot s6
truong hop, mic do gay thiét hai cia muc nudc
dang di thuong giy béi nguyén nhan sy nhiéu
dong khi ap khong kém so voi tac dong ctia song
than nén cac chuyén gia nudc ngoai thuong goi

TAP CHI KHi TUQONG THUY VAN

S6 thang 04 - 2017

@



@

BAI BAO KHOA HQC

hién tuong nay la “Meteorological Tsunamis”
hodc song “Seiche” [3, 4, 6]. Tai mot $b6 nudce
nhu Nhat Ban, My, Ha Lan, Tay Ban Nha...,
muc nude bién dang di thuong da xuat hién tai
nhiéu viing ven bd, cang bién va cira song, giy
nén nhiéu tham hoa va dugc gén véi céc tén goi
khac nhau cho tung dia phuong [5, 6]. Tai Viét
Nam, vao céac thang cudi va dau nim tai mot sd
khu vic & mién Trung nhu Tuy Hoa - Phii Yén
xuét hién muc nudc bién dang cao bat thuong
(dan gian hay goi 1a tridu cuong). Ngoai thuy
tridu thi trong cac dao dong nudc 16n rat co thé
c6 dong gop dang ké cua muyc nudc bién ding
do tac nhan khi tuong (nhiéu dong khi 4p hoic
gi6 mua). Pay la mdt trong nhiing ly do giai
thich khong phai tit ca nhimg ngay c6 thuy triéu
cao thi muc nudc lai cao bét thuong ma chi vai
ngay trong s6 d6. Khi myc nuéc dang di thuong
xudt hién trung véi thoi diém tridu thién van cao,
két hop v6i song 16n s& tré nén rat nguy hiém
gay ra ngap lut, x61 16 vung bo va anh huong téi
cac hoat dong cua tau be do nhirng tac dong theo
phuong thing dimg (myuc nudc bién ding cao)
va theo phuong ngang (hé thong dong chay) rat
manh [6].

Nghién ctru xac dinh nguyén nhén va co ché,
tur d6 xay dung quy trinh du bao dao dong muc
nude bién dang di thudng 1a van dé rat phic tap,
doi hoi phai co su két hop dong bo giira hé thong
quan tric khi tugng, hai dwong, cac nghién ciru
thuc nghi€ém cling nhu cac phan tich, tinh toan
béng mo hinh s6 tri, cu thé theo 4 noi dung sau:
(1) Thu thap thong tin va diéu tra khao sat, quan
tric; (2) Phan tich nguyén nhan, co ché hinh
thanh; (3) Xay dung hé thdng quan tric, giam
sat; (4) Xay dung cong cu giam sat, canh bao va
du bao.

Trong nghién clru nay, hién twong muc nudc
bién déng cao di thuong tai ving ven bién Tuy
Hoa - Phu Yén dugc phan tich dya theo s6 liéu
quan tric muc nude tai khu vuc. S liéu muc
nudce tai tram thuy van Phi Lam va tram quan
trac b sung tai cira bién Pa Rang trong cac dot
triéu cuong xuét hién tai khu vuc nay ma cac
phuong tién truyén thong ciing nhu chinh quyén

TAP CHi KHi TUQNG THUY VAN

dia phuong phan anh dugc phan tich. Két qua
ctia nghién ctru dé khang dinh co hién tuong nay
xuét hién tai khu vuc bién Tuy Hoa - Phi Yén va
danh gid dinh lugng cua do 16n nudc dang
di thuong.

2. Hién twong mue nwéc bién dang di - S6
liéu va phwong phap nghién ciru

a) Hién twong muwc nwéc bién ding di
thwong tai Phii Yén

Ngoai hién twong myc nudc bién dang cao
bat thuong tai ving ven bién trong nhitng ngay
¢6 bio hodc ap thap nhiét doi thi ciing khong it
lan xuit hién muc nudc bién dang cao bat
thuong ma dau hiéu nhan rd nhét 1a trong ngay
c6 thuy tridu cao ma ngudi dan thuong goi 1a
triéu cuong. Hién twong muc nudc dang di
thuong da thuong xuyén duoc quan sat thiy tai
céc vung bién nira kin, cang bién va ctra song &
Mién Trung va Nam Bo nudc ta, di duoc ngudi
dan ciing nhu cac phuong tién truyén thong phan
anh. Theo két qua diéu tra khao sat va thu thap
thong tin vé muc nude bién dang di thuong cua
dé tai “Nghién ctu hién tugng myuc nudc bién
dang di thuong khong phai do bio xay ra tai cac
vung ctra song ven bién Viét Nam” thuc hién
nam 2007 [1] va cac thong tin dugc cp nhat gan
day nhat cho thdy muc nudc bién dang cao di
thuong da xay ra & hau hét tai cac khu vuc ven
bién tir Quang Tri - Ca Mau, trong d6 triéu
cuong tai Phu Yén duoc nhéc t&i nhiéu nhit.
Hang nam ¢t vao cac thang cudi va ddu nam (tir
thang 9 - 2 ndm sau) triéu cuong tai Pht Yén lai
xuét hién gy nhiéu tac dong toi hoat dong cua
cu dan ven bién tai day.Trong bang 1 1a sb liéu
thdng ké cac dot tridu cudng tai Phii Yén tir nim
1999 s- 2016 ma cac phuong tién truyén thong
da dua tin. Theo d6, khu vuc x6m R¢& cua Tuy
Hoa-Pht Yén c¢6 tan xuét tridu cuong hoat dong
va giy tac dong nhiéu nhat. Tac dong ctia myc
nude bién dang di thuong la rt 16n, muc nude
bién dang cao kém theo séng 16n da giy ngap
lut, sat 16 va pha huy nhiéu cong trinh. Mt )
thong tin vé tac dong cua tridu cuong Phi Yén
van con luu trén cac bao dién tir nhu: Vao ngay
13-14/12/2014, tridu cuong da gy ngap lut 1an

S thang 04 - 2017



vao trong bo tdi hon 100 m, véi nhitng con song
cao dén 3 m giy pha hiy nha ctra tai xom R4,
khu phd 6, phudng Phu Dong, TP Tuy Hoa (Phu
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Yén), [7]. Mot s6 hinh anh vé tac dong cua tridu
cuong tai Tuy Hoa - Pha Yén dugc thé hién trén
hinh 1.

(b)
Hinh 1. Mét s6 hinh anh vé tac dong cua triéu cuong tai Tuy Hoa - Phii Yén: (a)Tai xom RG ngdy
14/10/2014; (b) Tai xom Ro ngay 23 thang 12 nam 2014 [8]

Bang I.Téng hop cac dot muc nuoc bién ddng di tai Phu Yén

TT Noi ghi nhin Ngay xuit hién
1 An Hoa Tuy An Phu Yén 5/11/1999
2 Phu Yén 21-26/12/1999
3 X.H. Sa HuynhT. Phu Yén 10 - 13/12/2000
4 X.Xuan Hai H.Song Cau 7 -9/3/2004
5 X.H.Tran Dai T.Pha Yén 2012/2005
6 Cang ca phuong 6, TP Tuy Hoa (Phu Yén) 9-12/12/2011
7 Phuong Phu Bong, TP. Tuy Hoa 20/2/2012
8 Xo6m R¢, Tuy Hoa, Phu Yén 12 - 13/10/2014
9 Xo6m R¢, Tuy Hoa, Phu Yén 17-18/11/2014
10 Xo6m R¢, Tuy Hoa, Phu Yén 02/11/2015
11 Phuong Phu Bong 27-30/11/2015
12 Phuong 6,Tuy Hoa 8-9/2/2016
13 X6m R6 - Tuy Hoa - Pht Yén, Cang Ca 24 -25/1/2016
14 X6m R¢ -Phu Bong - Tuy Hoa 8-9/8/2015
15 Xom R¢ - Phi Bong - Tuy Hoa 14/12/2014
16 Xo6m R¢ - Pht Bong - Tuy Hoa 22 -23/12/2014
17 Tuy An - Pht Yén 1-4/1/2008
18 Céng Ca - Tuy Hoa 14 va 16/12

b) Nguén sé ligu va phwong phdp phén tich

Tai khu vuc ven bién Phu Yén khong co6 tram
quan trac muc nudc ma chi co tram thay vin cira
song Pha Lam (cach cira bién khoang 2 km). Do
vay, s lidu quan trdc muc nudce tai tram thiy van
Pht Lam trong thoi gian xuét hién mot sb dot
triéu cuong duoc thu thap va phan tich. Ngoai
ra, s liéu quan tric muc nude bd sung tai ctra

bién Tuy Hoa trong thoi gian 3 thang
(15/10/2016 -15/1/2017) duge st dung dé phan
tich cho 2 dot triéu cudng vao cudi thang
12/2016.

Pé xac dinh d6 16n nuéc dang di thudng
trong cac dot tridu cudng, phuong phap binh
phuong téi thiéu [2] duoc st dung dé phan tich
diéu hoa va du tinh thuy tridu, sau d6 loai bo

TAP CHI KHi TUQONG THUY VAN

S6 thang 04 - 2017
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