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ABSTRACT

Viet Nam is considered one of countries most affected by climate change and sea-level rise. It
results in many negative effects, such as flooding, saline intrusion and beach erosion occurred in
the coastal zones. Quang Ninh with more than 250 km coastline, located in the northeastern part
of Vietnam, is one of the vulnerable coastal provinces under the heavily affected due to the sea level
rise. In order to evaluate the changes of flooded areas and tidal beaches due to the sea level rise in
Quang Ninh coastal zone a 2D numerical model is set up, using the 3-grids nesting technique. The
numerical model is calibrated by using the harmonic constants of 8 tidal constituents at Hon Dau
tide station and validated with the observed data. On the basis of the climate change scenarios
(RCP4.5, RCP8.5) in the period from 2020 to 2100, the corresponding sea level values are used in
the numerical modeling to calculate the changes of flooded areas and tidal beaches due to the
sea level rise. The obtained results on changing of the flooded area and tidal beach in Quang Ninh
coastal zone are not only statically by changing water sea levels but also due to changing of the
tidal range in this area. The calculated results point out that districts under the most affected of the
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sea level rise are Quang Yen, Tien Yen, Hai Ha, Mong Cai.
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INTRODUCTION

Viet Nam is considered as one of countries most af-
fected by climate change. Over the past years, under
the impact of climate change, the frequency and in-
tensity of natural disasters are increasing, caused huge
loss of human life, property, infrastructure, economy;,
society and lead to the bad influence on environ-
ment. The sea level rise (one of main consequences
of the Climate change) can cause many negative ef-
fects on coastal zones, such as flooding, saline intru-
sion, beach erosion etc. Since 2009, The Ministry of
Natural Resources and Environment developed and
published the climate change and sea level rise sce-
narios to promptly serve ministries, sectors and local-
ities to implement the National Target Program to Re-
spond to Climate Change. These scenarios then were
updated in 2011, 2016 based on data sources, specific
climatic conditions of Viet Nam and the results from
climate models at the time and could be used as the
basis orientation for ministries, provinces and locali-
ties to assess the potential impacts of climate change,
develop and implement effective plans to respond to
climate change and sea level rise !

Quang Ninh is a province along the northeastern
coast of Vietnam. There are more than 2,000 islands,
extending along the coast for more than 250 km. The
sea bottom topography of Quang Ninh isn’t smooth,

and has an average depth of 20 m. The tide in Quang
Ninh sea area is diurnal with the maximum range
above 4m, the largest in the North of Vietnam. There-
fore, Quang Ninh is one of the vulnerable coastal
provinces under the affects of inundation, saline in-
trusion and beach erosion due to the climate change
and the sea level rise.

In this study, on the basis of the climate change sce-
narios issued by The Ministry of Natural Resources
and Environment in 2016, the changes of flooded ar-
eas and tidal beaches due to the sea level rise after the
scenarios (averaged) RCP4.5 and (highest) RCP8.5 for
the period from 2020 to 2100 are calculated and eval-
uated. The changes of flooded area and tidal beach
in Quang Ninh coastal zone are considered not only
statically by changing of water sea levels but also due
to changing of the tidal range in this area by using a
numerical hydrodynamic model for the East Vietnam
Sea and Quang Ninh coastal zone.

DATA AND METHODS

In order to setup and to verify the numerical model
to evaluate changes of flooded area, tidal beach due
to the sea level rise in Quang Ninh coastal zone, the
following data were collected and analyzed:

- Bathymetry data: The depth map scaled 1/1,000,000
by Vietnamese Navy, 1991; Topography map scaled
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1/100,000 in the coastal and sea of Quang Ninh, sup-
ported by Quang Ninh Environment and Natural Re-
source Department.

The sea bed data from different sources are assimilated
and presented in Figure 1.

- Seawater level and tide harmonic constant data:

+ Hourly seawater levels for one year (2017) and in the
time period from 01/9/2018 to 01/10/2018 at the tide
station Hon Dau, Hai Phong province.

However, on the basis of the tidal regime in the study
are, only 8 tidal constituents are taken into account.
They consist of 4 diurnal tides (K;, O, P1, Q), and 4
semi-diurnal (M», Sy, N», K5).

+ Hourly sea levels along the open boundary of the
numerical model are received from another numeri-
cal model covered the whole East Sea.

NUMERICAL MODEL SETUP

The 2D shallow water equations is quite suitable to
simulate seawater level variation due to tide and sea
level rise. Under the shallow water assumption, which
say the vertical length scale is much smaller than the
horizontal one, the momentum and continuity equa-
tions are expressed in the spherical coordinate as fol-

lows:
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where, A and @ are coordinates in the eastward and
northward directions respectively; ¢ - time; & - sea
level height above the mean sea surface; h — water
depth below the mean sea surface; H = h+£ - total
water column; R - earth radius; o - earth’s rotation
velocity; g — acceleration of gravity; P, — air pressure
atseasurface; and - wind stressesin A and ¢ direc-
tion respectively; kj, — bottom friction coefficient; U,
V - depth-averaged velocity component , and speci-
fied by

U= [*ou@d
S

1
V= ﬁ/—h Ov(z)dz
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where u(z) and v(z) are velocity components in A and
¢ directions respectively at z level.

The equations (3.1) - (3.3) are closed by the below ini-
tial and boundary conditions.

Initial conditions: at the initial timet =0, U=V =¢&
=0.

Boundary conditions: at the solid boundaries, the im-
permeable condition is accepted. At the open bound-
aries, the sea water levels are predefined *.

The finite difference method is applied to solve
the above mentioned equations by using the non-
collocated grid, the leap-frog difference scheme, nest-
ing technique and wet-dry treatment .

In order to simulate the tide oscillation in the Quang
Ninh coastal area, a numerical model with two nesting
grids, as shown in Figure 2, is setup. The coarse grid
covers the whole of The Gulf of Tonkin, using the grid
step of 1/20 degrees (about 500 m) in longitude and
latitude respectively. The fine grid with the grid step
of 1/200 degrees concentrated on the nearby shoreline
of Quang Ninh Province.

The numerical model has calibrated by comparisons
between the calculated water levels and the observed
data in the some specified time periods depending on
the data available. The calibration process is to mod-
ify the value of the bottom friction coefficient and
tidal harmonic constants at open boundary reason-
ably in order to obtain the calculated results in a good
agree with the observed ones. Because in the numer-
ical model, the water levels are contributed by 8 tidal
constituents, therefore the calibration process is spit-
ted into each individual constituent and its amplitude
and phase will be taken into the comparison Table 1.
presents the comparison between the calculated and
analyzed harmonics constants (amplitude and phase)
of 8 tidal constituents in the Hondau tide gauge sta-
tion.

Next, the numerical model has validated by calcu-
lating the tide by using the chosen parameters and
comparing with the observed water levels at Hon Dau
from 01/9/2019 to 30/9/2019 as shown in Figure 3.
The compared results show that the numerical model
has been verified well enough in order to simulate the
tide oscillation in the Quang Ninh near coast area.

CALCULATING SCENARIOS

The calculating scenarios in this study are established
on the basis of the Climate Change and Sea Level
Rise Scenarios for Viet Nam, was published by the
Ministry of Natural Resources and Environment in
2016. Under the average Representative Concentra-
tion Pathways, RCP4.5, scenario, the sea water level
will rise of 55 cm by the end of 21st Century (called
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Figure 1: Depth map in the Quang Ninh sea area and vicinity.

Table 1: Calculated and analyzed tidal harmonic constants at Hon Dau tidal gauge station.

Tidal constituent Analyzed Calculated errors
Amplitude  Phase Amplitude Phase Amplitude cm (%) Phase
(cm) ®) (cm) ) (hour)
K1 68.2 106 67.5 107 -0.71 1.0 0.1
O1 75.7 33 74.9 35 -0.78 1.0 0.2
M2 5.6 67 6.4 43 0.83 15.0 -0.8
S2 4.4 131 4.7 103 0.34 9.0 -0.9
N2 0.7 79 0.8 36 0.07 17.0 -1.5
K2 2.3 110 2.6 80 0.34 17.0 -1
P1 21.4 98 20.7 107 -0.65 3.0 0.6
Q1 14.8 355 14.2 7 -0.61 4.0 0.9

calculating scenario CSO01), and the sea water level will
rise of 75 cm (CS02) are considered. Similarly, under
the highest RCP8.5 scenario, the CS03 with sea level
rise of 80 cm and CS04 with sea level rise of 106 cm
by the end of 21st Century are calculated.

The calculated results of tidal oscillation under the
above scenarios (CS01 - CS04) will be compared with
the calculated results at the present state (CS00). It
is noted that the calculating scenarios from CS01 to

CS04 are carried out by using the same model param-
eters, forcing and boundary conditions except the wa-
ter depth h added by the value of sea level rises respec-
tively.

In Figure 4 the difference of calculated sea levels in the
case CSO1 in comparison with the case CS00 at Hon
Gai station for a month is presented. Similarly, Fig-
ures 5, 6 and 7 are for the cases of CS02, CS03 and
CS04, respectively. It is shown that differences are

S191



Science & Technology Development Journal - Engineering and Technology, 3(513):5189-5196

256 N[~

110 111

107 E 08 E

Figure 2: Grid layout of the numerical model: coarse grid (upper) and fine grid (lower).
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Figure 3: Calculated and observed water levels during the September 2019 at Hon Dau station.
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Figure 4: Difference of the calculated sea levels (CSO1 - CS00) at Hon Gai station for a month.
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Figure 5: Difference of the calculated sea levels (CS02 - CS00) at Hon Gai station for a month.
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Figure 6: Difference ofthe calculated sea levels (CS03 - CS00) at Hon Gai station for a month.
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Figure 7: Difference of the calculated sea levels (CS04 - CS00) at Hon Gai station for a month.

Figure 8: Added flood area due to calculating scenario CSO1.

signiﬁcant, greater than 0.5m in some time moments,
and changed depending the tide time periods. During
spring tide the difference is much larger than during
neap tide. Furthermore, the mean sea level is higher
the difference is larger. The maximum difference for
cases CS01, CS02, CS03 and CS04 are 0.42, 0.58, 0.60
and 0.65 m, respectively.

On the basis of the calculated tide oscillations of cal-
culating scenarios in a long time period, the added
flood land for each case has been evaluated. The
added flood area means the area of land zones to be
flood due to the sea level rise. Figure 8 to Figure 11
illustrate the added flood land (dark zone) under con-

S194

ditions of the cases CS01, CS02, CS03 and CS04. The
total flood area of 4 cases are approximately 80, 111,
132 and 199 km?, respectively.

In general, in districts Quang Yen, Tien Yen, Dam Ha,
Hai Ha and Mong Cai, there are the added flood areas
larger than the remain districts of Quang Ninh. These
are the districts occupied low land zones and estuar-
ies.

However, changing of tide range in the study area is
not significant, only several centimeters. That means
the difference is controlled mainly by changing of tide
phase at the considered point (Hon Gai station loca-
tion). The station is fixed in space but changed rel-



Science & Technology Development Journal - Engineering and Technology, 3(513):5189-5196

Figure 9: Added flood area due to calculating scenario CS02.

Figure 10: Added flood area due to calculating scenario CS03.
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Figure 11: Added flood area due to calculating scenario CS04.

atively to the shoreline (the edge of sea and land) be-
cause when the sea level rise the shoreline will be land-
wards.

CONCLUSIONS AND DISCUSSION

In this study, the numerical model using grid nest-
ing techneque is setup and validated with the mea-
sured sea level data at Hon Dau station. This numer-
ical model then is applied to simulate the tide oscil-
lation in the Quang Ninh sea area under the various
climate change, namedly two scenarios RCP4.5 and
RCP8.5 with the average and maximun sea level rise
values chosen.

The obtained calculated results indicate that in Quang
Ninh province, the districts such as Quang Yen, Tien
Yen, Dam Ha, Hai Ha and Mong Cai have more vul-
nerable coastal zone than other districts. Ha long,
the most important region for tourism development
of Quang Ninh, only in average is vulnerable. Due to
sea level rise, under the maximum scenario, Quang
Ninh will be lost up to about 200 km? land area.
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