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ABSTRACT

Typhoon surge is the phenomenon of seawater level rises higher than the normal levels (tidal water
level) under the combined effect of many factors during typhoons. Along the Vietnam coast, this
phenomenon occurred quite often and very dangerous, especially when occurring at the same
time with high tide. There are many research projects and publications relative to this problem, such
as National projects. This phenomenon caused by strong wind and air pressure depression during
typhoon acting therefore often happened before or just during the typhoon landfall. However,
statistically, depending on the track and movement speed of the typhoon, the surges sometimes
occur several hours after the typhoon landfall time. In this research, the integrated model for surge,
wave, and tide during typhoon acting (SUWAT) is applied to simulate sea-level oscillation due to
typhoons by two ways: (1) - the wind and air pressure fields are described the analytical model with
the typhoon parameters (track, air pressure depression at the typhoon center, max wind speed ...)
re-analyzed from the observed data and (2) - from the numerical model WRF for weather prediction.
With the same calculating domain, grid, open boundary conditions, the calculated results of SUWAT
show that the sea level oscillation obtained by using wind and air pressure fields from WRF is better
than that by using the analytical model in comparison with the observed data. The main reason for
the difference in the calculation of the rising water level is that the WRF has well simulated the post-
typhoon circulation combined with the monsoon at the time after the typhoon landfall time. The
results of the study will be valuable experiences in alerting and selecting typhoon surge projections
for the Northern coastal strip.
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INTRODUCTION

Typhoon surge is the phenomenon of seawater level
rises higher than the normal levels (tidal water level)
under the combined effect of many factors during ty-
phoons. Along the Vietnam coast, this phenomenon
occurred quite often and very dangerous, especially
when occurring in the same time with high tide.
There are many research projects and publications
relative to this problem, such as National projects:
“preliminary research on typhoon surges in Vietnam,
code 84.48.146 (1984-1985), “Surges caused by ty-
phoon and monsoon”, 48B.02.02 (1985-1990), “Pre-
dicting technology for typhoon surges along the coast
zone of Vietnam”, KT03.06 (1991-1995), “Vietnam-
China collaboration research on prediction of ty-
phoon wave and surges by numerical model” (2007),
“Coupled prediction technology on typhoon, surges
and wave in 3 days by numerical model in Vietnam
sea’, KHCN.08.05/06-10". Besides, many research re-
sults concerning to typhoon surges in the Vietnam sea
area were published>~!? etc. In these studies, many
characteristics of typhoon surges in the coastal zone

were pointed out, such as the height and space range
of typhoon surges, occurrence frequency along the
coast, from time to time; the interaction between ty-
phoon surges and tide; technique for typhoon surge
prediction etc. However, the significant typhoon
surges occurring after the typhoon landfall time is not
paid enough attention.

The typhoon surges will be especially dangerous when
typhoon hits the land during the high tide. In his-
tory, there were many typhoons with strong winds,
heavy rains, high waves and high rising water to in-
undate coastal areas on a large scale, causing many
human and property losses such as Katrina typhoon
attacked in New Orleans-USA in 8/2005, Nargis ty-
phoon hit in Myanmar in 5/2008. Ketsana typhoon
(9/2009) landed on the coast of Quang Nam-Da Nang
(Vietnam) caused surges over 1.1m at Son Tra, com-
bined with the flood of 3.2m high in Hoi An, resulted
in 30 deaths and 170.000 people to evacuate.

The phenomenon of seawater level rises greater than
0.5m occurred (from now to be called by significant
seawater level rises) after typhoon landfall is very no-
ticeable and needs to be studied in nature. Normally
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typhoon surges occur just before or after its landing
time (i.e. about 1 to 2 hours arounding the typhoon
landfall time). However, there are typhoons to cause
the seawater level rises after the landed time several
hours and lasting for many hours. This should be
greatly pay attention in warning of forecast system in
localities.

As a typical case, the high seawater level rises oc-
curred for a long time from before the typhoon land-
fall and existed several hours later when it landed on
the Japanese coast on 08/9/2004. The high surges ex-
isted before and after the typhoon landfall time for
many hours caused greatly affecting and suffering in
localities. By using the historical data, S. Kim et al.,
(2014) pointed out the Songda typhoon (with the low-
est pressure at the center of 925 mb and maximum
wind speed of 46.3 m/s) caused along the coastal of
Tottori (Japan) a high after-typhoon surge after from
15 to 18 hours since the landfall timeas shown in Fig-
ure 114,

Many numerical models have been developed and ap-
plied to calculate and predict the typhoon surges in
the Vietnam sea areas. However, among these, a cou-
pled model for surge, wave and tide (called SUWAT)
was selected, overcoming the limitations of models
and technologies built earlier, it is to consider simul-
taneously the interaction between tides, waves and ty-
phoon surge. In this study, typhoon surges are sim-
ulated with two options for selecting wind and pres-
sure fields during typhoon acting, that is formulated
by the analytical typhoon model - parametric wind
and pressure models for typhoon are introduced by
Fujita (1952) in Japan (called Fujita model, '°) and the
WRF meteorological field forecast model at the Cen-
tral Hydro meteorological forecast center. Calculated
results show that the SUWAT model gives result quite
similar to the observed data when using the wind field,
applied by the WRF numerical model.

METHODOLOGY

The seawater level data measured at the coastal hy-
drographic stations are essentially a combination of
two components: astronomical tides (£,) and seawa-
ter level rises (&,,4). However, only the seawater level
rises component due to typhoon is considered, there-
fore to clear the difference between numerical scenar-
ios, it is necessary to separate the typhoon surges from
the total sea level. Furthermore, the pure typhoon
surges are also more convenient for calibration and
validation of the numerical models, as well as for eval-
uation of the typhoon parameters role in the individ-
ual typhoon case.

Separating seawater level rises from mea-
sured data

At locations having suitable data series of measured
seawater levels, the tidal harmonic constants (ampli-
tude and phase) can be calculated by the least square
method !¢, then the astronomical tide level at any time
is easily specified. Therefore, seawater level rises value
at the any moment (t) 7 will be determined by the fol-
lowing formula in below:

Ena(t) = &Ea(t) =& (1) ()]

where, £ ;(t) - the measured seawater level, &,(t) - the
astronomical tide and &,,4(t) - seawater level rises.

In this study, significant seawater level rises after ty-
phoon landfall was found when the hourly sea level
data at 3 stations Hon Dau, Hon Ngu and Son Tra
from 1960 to 2017 extracted.

Numerical model for typhoon surges,
Waves and Tides (SUWAT)

Details of the structural and theoretical basis of the

numerical model >4,

As shown in the Figure 2,
SuWAT consists of three modules for typhoon surges,
tides and waves. But only two equation systems with
the suitable initial and boundary conditions are used.
They are the 2D shallow water equations and energy
density spectrum equation. The interaction between
wave, current and water level are considered by taking
into

account the effect of instant current and water level in
the energy density spectrum equation as well as the
wave radiation stresses in the shallow water equation.
In order to reduce the CPU time as well as to focus
in detail for interested area, the nesting technique is
applied. SUWAT is capable to calculate for six options:
- Tides only (&;)

- Waves only (H,,)

- Typhoon surges only (€,,4)

- Typhoon surges and tides (§; + &,4)

- Typhoon surges and waves (€, + Hys)

- Typhoon surges, tides and waves (&;+& .4+ Hys)

RESULTS AND DISCUSSION

Statistical results of significant seawater
level rises after typhoon landfall time in
Vietnam’s Northern coast from 1960 to
2017

Based on typhoons data obtained from Vietnam’s
General Department of Meteorology and Hydrology;
the US best track'® and Japanese JMA site %, surges
caused by 101 typhoons at three tide gauges in the
Northern coast of Vietnam were conducted.
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Figure 1: (a) -The track of Songda typhoon (9/2004) and (b) -Fluctuating water levels at Tottori-Japanese coastal,
05-10/09/2004 .

Numerical model for Typhoon Surges, Waves and Tides (SuWAT)
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Figure 2: Integration diagram of SUWAT model
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Figure 3: Track of typhoon Kalmaegi-14

In Table 1, the typhoons that caused significant sea-
water level rises after the landfall time are listed. Oc-
curred moment column means the time interval from
the typhoon landfall time to the time the seawater
level rises higher than 0.5m. The obtained results
show that: there were 16/101 typhoons (accounting
for 15.9%) caused the significant seawater level rises
at the time later than 4 hours after their landfall time.
Especially, the typhoon Willie-96 caused high surge
at Hon Ngu station at the time of 20 hours after the
landfall time.

It is noted that in these cases, the landfall locations of
typhoons were in the north of or in a long distance to
observation points.

The after typhoon surges in typhoon Kalmaegi-14 hit
on Quang Ninh (see Figure 3) occurred during the
low tide phase and did not cause flooding at that
time. However, 6 hours later, the circulation due to
the typhoon combined with the South-West monsoon
caused the seawater level rises of about 1.0m, in 14
hours at Hon Dau station (see Figure 4 a) and of about
0.7m, in 5 hours at Hon Ngu station (see Figure 4 b).
This typhoon surges combined with high tides and

high waves had caused severe flooding in the coastal
area of Do Son-Hai Phong as shown in Figure 5.

Simulating after-typhoon surges caused
by typhoon Kalmeagi-14 using integrated
model SUWAT

From the analytical results of the typhoon Kalmeagi-
14 landed in Quang Ninh, initially revealed the cause
of significant seawater level rises after typhoon land-
fall. In which the SUWAT model is applied to the
simulation calculation under two alternatives for the
wind and pressure fields (two calculating scenarios).
Scenario N°1 uses wind and pressure fields, which is
calculated from the analytic typhoon model (Fujita
model) according to typhoon parameters (including
the typhoon center, the lowest air pressure at the cen-
ter and the maximum wind speed). Scenario N2, the
wind and pressure fields are got from the WRF meteo-
rological field prediction model, currently running at
the Center Hydrometeorology forecast center for of-
ficial forecast.

During the time when typhoon Kalmeagi-14 landed
in the coast of Quang Ninh on 16/9/2014, the wind
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Figure 4: Observed seawater level, predicted tide and surge due to typhoon Kalmaegi-14: (a)-at Hon Dau station

and (b)-at Hon Ngu station

®

Figure 5: (a)- High waves had caused severe flooding in Do Son-Hai Phong and (b)-High typhoon surge distribu-
tion (forecast 12 hours prior to typhoon landing) in the typhoon Kalmaegi-14 hit on Quang Ninh (source Dau tu p

aper-http://www.baodautu.vn 2°)

fields predicted by the WRF model show that after the
typhoon had dissolved, the strong South-West wind
existed as shown in Figure 6.

In Figure 7, the wind speed, air pressure compari-
son between the observation, calculation by the Fu-
jita model and prediction by the WRF model and the
monitoring data at the Hon Dau meteorological sta-
tion. The results show that there is quite a similar-
ity between WRF model calculation and monitoring
data. The analytical Fujita model, gives a very high
error with higher pressure, the time when the wind
speed appears earlier and higher is because it is im-
possible to describe the wind field under the condi-
tion of South-West monsoon acting. Due to the un-
real wind and air pressure fields calculated by Fijita
model in Figure 8, the calculated sea water levels also
had a bad agreed with the observed data.

Quang Ninh coastal area; in Hai Phong coastal area
the highest seawater level rises was only 0.6m. Mean-

while, the scenario N°2 (using WRF wind fields), the
distribution of significant seawater level rises across a
wide area from Quang Ninh to Nghe An.

Some numerical experiments with the ROM and JMA
models are also carried out. The calculated results
show that the numerical models all with the wind and
air pressure fields described by Fujita model are im-
possible to simulate the typhoon surges occurred after
the landfall time as the case of the typhoon Kalmeagi-
14. With the wind fields of WRE, the models all can
produce the better results in comparison with the ob-
served data, as shown in Figure 9. At both tide gauges
stations, Hon Dau and Hon Ngu, the SuUWAT model
calculated with WRF wind fields always have the bet-
ter results in comparison to the observed data, while
the SUWAT model can produce the unreal seawater

down as shown in Figure 9 b.
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Figure 6: Wind fields during the time before and after typhoon Kalmeagi-14 landed on: (a) 19:00 16/9; (b) 01:00
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Figure 7: Measured and predicted wind speeds (a) and pressure (b) at Hon Dau station in the typhoon Kalmaegi-14

hit on Quang Ninh

Propagation of typhoon surges along the
coastal zone

In order to find out different reasons to cause the
after-typhoon seawater level rises one more numeri-
cal scenario (No3) is carried out. In 1985 a strong ty-
phoon occurred in the East-Vietnam sea and landed
on Quang Binh coast, called Cecil-85. This typhoon
caused severe surges along the long coast from Quang
Binh to Nghe An. The maximum observed typhoon
surge of 2.1m occurred at the latitude of 16.90N, fur-
thermore, at Hon Dau station the max surge was also
greater than 0.8m, 1

The scenario No3 calculated the seawater level rises
caused by the typhoon Cecil-85, using the wind and
air pressure fields by Fujita model until the typhoon
landed on the coast, from the landfall time to the end
of calculation (in 15 hour) the wind fields of zero m/s
and constant air pressure fields were applied. In other
words, the status of seawater level rises and currents at
the typhoon landfall time were considered as the ini-
tial conditions in order to investigate the propagation
of surges in the sea area without any influence of wind

or air pressure disturbance.
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Table 1: Typhoons caused significant seawater level rises after the landfall time

Typhoon
name

CHARLOTTE-
62

NV 03-62
FAYE-63

WINNIE-64

CLARA -64
NADINE-65
HARRIET-71
VERA-83

N° 01-83
WAYNE-86
ANGELA-89

ZEKE-91

FRANKIE-96
WILLIE-96

KAEMI-00
KALMAEGI-

Landfall location

Thanh Hoa

Thua Thien Hue
Nam Dinh

Quang Ninh

Ha Tinh
Nghe An
Ninh Binh
Quang Ninh
Thanh Hoa
Thai Binh
Quang Binh

Quang Ninh

Nam Dinh
Nghe An

Da Nang
Quang Ninh

Landfall time

17" 22/09/1962

09" 27/09/1962
05" 09/09/1963

04" 03/07/1964

07" 08/10/1964
16" 18/08/1965
22" 07/07/1971
06" 18/07/1983
23" 03/10/1983
01" 06/09/1986
17 10/10/1989

03" 14/07/1991

04" 24/07/1996
00" 22/09/1996

15" 22/08/2000
22" 16/09/2014

Max sea-
water level
rises [m]

Occurred
moment
[hour]

4

Lasting
Time
[hour]

4

11

10

14

Occurred
location

Hon Ngu

Hon Ngu
Hon Dau
Hon Dau
Hon Ngu
Hon Dau
Hon Ngu
Hon Ngu
Hon Dau
Hon Ngu
Hon Dau
Hon Dau
Hon Dau
Hon Ngu
Hon Ngu
Hon Ngu
Hon Ngu
Hon Dau

Hon Ngu

Muec dJang Boe lon mhat |

Figure 8: Highest typhoon surge distribution caused by Kalmeagi-14. (a) Wind and pressure fields calculated by

Fujita model and (b) by the WRF model.



Science & Technology Development Journal - Engineering and Technology, 3(513):511-519

—SuWAT-WRF —ROMS

) -5~ Observation

= -SuWAT-Fuita

==-JMA-Fujita

(m)

torm surge

9182014 12:00

S

16201412 9/17/2014 12:00

-0.5
Time (h)
B

-0-Observation
—SuWAT (WRF)
==-ROMS (WRF)

S
-0.8 lime (h)

(a)

(b)

Figure 9: Calculated seawater levels during the typhoon Kalmeagi-14 by the different numerical models the wind
and pressure fields from Fujita and WRF models: (a)-Hon Dau station and (b)-Hon Ngu station.

In the Figure 10, the variation of seawater level rises
along the coast from latitude of 16°N to 21°N from
the landfall time to 13 hour later are presented. It is
shown that at the typhoon landfall time, the highest
surge occurred around the latitude of 17°N, then it
moved northwards, after 2 hours its peak appeared
at about 18.6°N and after 4 hours at 20.5°N. There-
fore, it is considered the typhoon surges as a long wave
and propagates northwards along the coastal zone and
reaches the head of the gulf of Tonkin after about 5.5
hours. It propagation is estimated by the black line in
Figure 10. The high seawater level rises at 21.5N af-
ter 8-9 hours is explained due to the reflection of the
surges to the head of the gulf. It is noted that dur-
ing propagation, the height of surge is reduced signif-
icantly, however depending on the depth and shore-
line configuration it may be increase slightly.

CONCLUSIONS

High typhoon surges are possible to appear after the
typhoon landfall time and exist for a long time, sev-
eral to ten hours or more. This phenomenon appears
rather frequently in the north coastal zone of Viet-
nam. On the basis of the historical typhoon data from
1960 to 2017 and the hourly measured seawater level
at three tide gauge stations, the statistical results show
that among 101 typhoons caused significant seawater
level rises, there were 16 typhoons (about 16%) caused
significant seawater level rises after typhoon landfall
time. Therefore, warnings, forecasts and related is-
sues need to pay attention even after the typhoon has
landed.

On the basis of calculated results by SuWAT model
and others it is revealed that in some cases the signifi-
cant seawater level rises are due to the combination of
wind circulation after typhoon landfall and monsoon.

In order to predict well these cases it is recommended
to use WRF wind and air pressure fields for the nu-
merical calculation.

High seawater level rises after typhoon landfall also
appears due to the propagation of surges as a long
wave along the coastal zone. AS the preliminary es-
timation, a typhoon landed on the coast of the Mid-
dle of Vietnam may be cause a significantly seawater
level rises in Hai Phong-Quang Ninh coastal zone in
5-6 hour after its landfall time.
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