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Abstract

The article presents the results of water level
characteristics (tidal water level, meteorological
surge) at monitoring stations in the past 30 years.
Analysis of extreme values corresponding to
probabilities at observational stations comparing
the design water level of sea dikes from Quang
Ninh to Kien Giang (available in Vietnam Standard
TCVN 9901:2023) shows a very large difference,
the larger the recurrence period, the larger the
water level difference. In particular, at Hon Dau
station, Hon Ngu station and Vung Tau station, the
design water level according to Vietnam Standard
(TCVN) is higher than the analysis from measured
data, on the contrary, at Son Tra and Quy Nhon
stations, the water level according to Vietnam
Standard TCVN 9901:2023 is lower than the design
water level from observed data.

Keywords: Design water level, meteorological
surge, tidal water level, probability.

Tém tit

Bai bdo trinh bay két qua cdc ddc trung mire nuée
(Muc nue6e trieu, nuwée dang do khi twong) tai cdc
tram quan tréc trong 30 ndm qua. Phan tich céc gid
tri cuc tri twong ung voi tan sudt tai cac tram do
thiee 18, so sanh véi muc nude thiét ké ciia dé bién
tir Quang Ninh dén Kién Giang (theo Tiéu chudn
Viét Nam TCVN 9901:2023) cho thcfy s chénh léch
rat I6m; chu ky lap lai cang dai thi chénh léch myc
nudc cang lon. Dac biét, tai cac tram Hon Ddu,
Hon Ngie va Viing Tau, muc niede thiét ké theo Tiéu
chudn Viét Nam (TCVN) cao hon so véi két qua
phan tich tir 56 lieu do dac thuc 1é; nguoc lai, tai
cac tram Son Tra va Quy Nhon, muc nudc theo
TCVN 9901:2023 lai thip hon muc nwde thiét ké tiv
56 liéu do dac thuc té.

Tw khéa: Muyc nwoc thiét ké, nudc dang do khi
trong, myrc nwoc triéu, tan sudt.

1. Introduction

Vietnam has a coastline of 3,260km, located on the
west coast of the East Sea. In particular, the tidal
characteristics are very diverse in nature and
magnitude, stretching from North to South [1]. This
area is directly and most strongly influenced by
important atmospheric pressure zones, which are the
equatorial-tropical low pressure trough passing
through the area, the subtropical high pressure band in
the north and the Indian Ocean high pressure in the
south. Due to the process of continental-oceanic
interaction, these atmospheric pressure zones have
large differentiation and fluctuations according to the
annual cycle, with a typical monsoon regime. Sea
level fluctuations in the coastal area of Vietnam
include tidal oscillation bands, synoptic oscillations
and long-term scales. Tidal oscillations have periodic
components and energy correlations between diurnal,
semi-diurnal and shallow water groups that are
different in different coastal sections. Synoptic
oscillations have periods of several days and
contribute significantly to the overall variance of
water levels. In addition to the tidal oscillation
component that plays the largest role, there are other
oscillations with significant amplitudes such as water
level oscillations due to the influence of storms and
monsoons [2]. According to the results of the study
evaluating the accuracy of the design water levels
according to the sea dike design technical standards
(2012 version) at 9 coastal locations from Quang Ninh
to Kien Giang, there are quite large discrepancies [3].

The study of extreme water levels is one of the
most important issues in the design of coastal
structures. In order for the extreme value analysis
results to be close to reality, the input data must have
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a series of continuous years of stational data.
Therefore, this paper used a series of data of about 30
years at 5 oceanographic stations along Vietnamese
coast (see Fig.1) for a comparative analysis of the
design water levels of sea dike structures (Vietnam
Standard TCVN 9901-2023) [4].
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Figure 1. Locations of oceanographic stations and
available design water levels according to Vietnam
Standard TCVN 9901-2023

2. Research methodology

The main tidal analysis methods that have been
built and developed include: nonharmonic analysis,
harmonic analysis, and response analysis [5, 6]. The
similarity of these tidal analysis methods is the
application of the relationship between astronomical
knowledge and sea level changes shown through
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observation data. In order to determine the extreme
water levels, the theoretical probability curves at the
observation stations are built using the Pearson-II1
probability distribution integration method and the
initial statistical parameter set is calculated using the
moment method.

3. Results and discussion
3.1. Analysis and evaluation of tidal regime

The tidal regime determined from the results of
harmonic analysis of tidal data can be determined
through one of two form factors with the general
calculation method being the ratio between the total
amplitude of typical diurnal waves and the amplitude
of typical semi-diurnal waves: The form factor F
according to Defant [7] or the form factor K according
to Duvanin [8] and Courtier [6]. Each form factor is
accompanied by a different corresponding tidal
regime classification scale [7, 8].

The formulas and scales for the classification of
tidal regimes by means of the two coefficients F' and

K are listed as follows:
Ag1+401

F = ==t (1)

Apm2tAs

0 < F<0.25: Semi-diurnal;

0.25 < F < 1.5: Mixed, mainly semi-diurnal;
1.5 < F <£3.00: Mixed, mainly diurnal;
F>3.00: Diurnal.

K = Ag1t4o1 2)
AM2
0 <K <0.5: Semi-diurnal,
0.5 < K <2.0: Mixed, mainly semi-diurnal;
2.0 £ K <£4.00: Mixed, mainly diurnal;
K> 4.00: Diurnal.
Note: Ags, Aor, Amz, As2 : Amplitude of water level
fluctuations due to the effects of corresponding tidal.

Table 1. Amplitude of tidal waves, calculation results of form factor coefficient, and tidal regime

. X Form factor
No. Station Tidal wave amplitude coefficient Tidal regime
01 K1 M2 S2 F K
1 Hon Dau 0.741 | 0.673 | 0.056 | 0.043 | 14.33 25.44 | Diurnal
2 Hon Ngu 0.53 | 0.453 | 0.276 | 0.092 2.67 3.56 | Mixed, mainly diurnal
3 Son Tra 0.109 | 0.178 | 0.173 | 0.057 1.24 1.65 Semi-diurnal
4 Quy Nhon 0.26 0.316 | 0.175 0.07 2.36 33 Mixed, mainly diurnal
5 Vung Tau 0.421 | 0.574 | 0.778 | 0.302 0.92 1.28 Mixed, mainly semi-diurnal

SO 84 (11-2025)




Ky thuat va Cong nghé Hang hai

TAP CHi

ISSN: 1859-316X, e-ISSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI

Table 2. Characteristic tidal levels at oceanographic stations
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Characteristic tidal level (m)
Notation Definition Hon Dau Hon Ngu Son Tra QuyNhon Vung Tau
HAT Highest Astronomical 1.97 1.45 0.74 1.05 1.58
MHW Mean High Water 1.07 0.76 0.31 0.51 0.99
MSL Mean Sea Level 0 0 0 0 0
MLW Mean Low Water -1.06 -0.95 -0.36 -0.54 -1.53
LAT Lowest Astronomical Tide -1.81 -1.65 -0.75 -1.12 -2.86
Table 3. Results of comparing design water levels by probability at oceanographic stations
WATER LEVEL (m)
Hon Dau Hon Ngu Son Tra Quy Nhon VungTau
Probab Point Point
ity 3 MC10 E, 3 MC 24 ? 3 MC 44 2, 3 . c:; 3 - ‘:.f
S|acvw | §| E|a@cvw | &| | @cvw | 5| 2 2| e g
(%) 2 2| 2 2| 2 2| g|@eVN | g g | (MCVN | ¢
8 9901:2 E 8 9901:2 = 8 9901:2 E 8 S E 8 ST E
023) /| 023) _ 023) | | _
023) 023)
0.5 23 4.75 23122 4.55 23 |20 2.1 0.0 | 2.0 1.35 - 1.8 2.83 0.9
1 23 3.994 1.6 | 2.1 3.894 1.7 1 19 1.695 - 1.8 1.189 - 1.8 2.458
2 23 3.381 1.0 | 2.0 3.305 1.2 | 1.7 1.387 - 1.7 1.101 - 1.7 2.112
5 22 2.727 04119 2.608 06 | 15 1.056 - 1.4 1.078 - 1.6 1.734
10 2.1 2.322 0.1 |18 2.136 02 |13 0.852 - 1.3 1.07 - 1.6 1.641 -
20 2.1 1.971 - 1.7 1.706 - 1.1 0.681 - 1.1 1.052 - 1.6 1.579 -
50 1.9 1.535 - 1.5 1.196 - 0.9 0.496 - 0.9 1 0.0 | 15 1.557
99.9 1.1 1.153 0.0 | 1.2 0.85 - 0.7 0.364 - 0.7 0.876 0.1 ] 13 1.474
The results of the analysis of tidal levels (see
Tables 1, 2) show that the magnitude and 200
characteristics of tides also change along the coast of 122
Vietnam. Hon Dau station has a diurnal tidal regime guo
with the magnitude of 3.78m. Hon Ngu station and miz A A [\ /\ o
Quy Nhon station have mixed, mainly diurnal tidal ;:z Y, \ /</ W x —sr
regime, in which the number of diurnal tides is more o 7 \/V \ Vung Tau

than that of semi-diurnal tides; the tidal magnitudes at
Hon Ngu station and Quy Nhon station are 3.1m and
2.17m correspondingly. Son Tra station and Vung Tau
station have mixed, mainly semi-diurnal tidal
regime, in which the number of semi-diurnal tides is
more than that of diurnal tides; the tidal magnitudes at
Son Tra station and Vung Tau station are 1.49m and
4.4m correspondingly.

Derived meteorological surges along the coast of
Vietnam within each year are analyzed (see Fig. 2).
The yearly highest surges at the stations show a
gradual decrease from North to South. The areas with
high surge of greater than 1m frequently occurs is
from Hon Dau station to Son Tra station. This area is
often affected by storms. The highest surge is at Hon
Ngu station (1.79m).
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Figure 2. Maximum surges at various oceanographic
stations (1990-2020)

3.2. Design water level

The comparison results of water levels according
to the probabilities of the monitoring stations and
Vietnam Standard TCVN9901-2023 show differences
along the coast from North to South (See Table 3, Figs
3,4).

At Hon Dau station (diurnal tidal regime)
corresponding to Cross-section 10 in Vietnam
Standard TCVN 9901-2023. The design water level
corresponding to probabilities >2%, Vietnam

SO 84 (11-2025)




TAP CHi  ISSN: 1859-316X, e-ISSN: 3093-3161

-JOURNAL OF MARINE SCIENCE AND TECHN(

HON DAU

" ——Observed Data
=-=MC10 (TCVN 9901:2023 )

Water level [m]
© &

n

0 10 20 30 40

3

50 60 70 80 0 100
Probabillty [%]

HON NGU

—Observed Data
—-=="MC24 (TCVN 9901:2023)

Water level [m]

o2 10 20 a0 an 50 &0 0 a0 90 100
Probability [%]
SON TRA
22
—Observed Data
2 ===-MC44 (TCVN 9901:2023)
18]
16
£
3
84
£
E
08
08
04
02
10 20 a0 40 50 60 70 a0 o0 100
Frabability (%]
QUY NHON
22
—Observed Dala
2 =-=Point 23 (TCVN 9901:2023)

Water level [m]

08
06
[ 10 20 30 40 50 60 70 80 £ 100
Prabability [%]
VUNG TAU
3
——Observed Data
28t ~=Paint 77 (TCVN 9901:2023)
261
H
24!
E |}
T2z !
g |\
5 \
5
=

] 10 20 30 a0 50 60 70 80 o0 100
Probability (%]

Figure 3. Extreme water levels according to observed data
and Vietnam Standard TCVN9901:2023 at 5 stations

Standard TCVN 9901-2023 is higher than the
observation from 1.06 to 2.23 m (45.7-98.7% higher)
and the probability from 10% to 5% is higher from
0.13 to 0.48 m (6-21.2% higher). On the contrary, the
design water level <10%, Vietnam Standard TCVN
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Figure 4. Water level probability curve at observational
stations

9901-2023 is lower than the observation by 0.14-
0.41m.

At Hon Ngu station (mixed, mainly diurnal tidal

regime) corresponding to Cross-section 24 in Vietnam
Standard TCVN 9901-2023. The design water level
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corresponding to the probability >2%, Vietnam
Standard TCVN 9901-2023 is higher than the
observation from 1.22m to 2.3Im (58.1-103.1%
higher) and the probability from 10% to 5% is higher
from 0.26m to 0.63m (12.6-31.7% higher). On the
contrary, the design water level <10%, Vietnam
Standard TCVN 9901-2023 is lower than the
observation by 0.06-0.4m.

At Son Tra station (mixed, mainly semi-diurnal
tidal regime) corresponding to Cross-section 44 in
Vietnam standard TCVN 9901-2023. The design
water level in Vietnam Standard TCVN 9901-2023 is
lower than the observation from 0.21-0.51m. At Quy
Nhon station (mixed, mainly diurnal tidal regime)
corresponding to Cross-section 23 in Vietnam
Standard TCVN 9901-2023. The design water level
corresponding to probabilities >20% is lower than
Vietnam Standard TCVN from 0.1m to 0.7m (8.5-
34.1% lower) than the observation. On the contrary,
the design water level is higher than the observation
from 0.08m to 0.12m.

At Vung Tau station (mixed, mainly semi-diurnal
tidal regime) corresponding to Cross-section 77 in
Vietnam Standard TCVN 9901-2023. Design water
level corresponding to probabilities >10%, Vietnam
standard TCVN 9901-2023 is higher than observation
from 0.04m to 0.99m (2.6-53.8% higher).

4. Conclusion

The analysis results from the 30-year water level
observation series at oceanographic stations show the

diverse tidal characteristics along the coast of Vietnam.

In addition to the dominant tidal level, Vietnamese
coast is also affected by meteorological surges
(seasonal and storm) with heights greater than 0.25m
and 1.0m in case of storms depending on the location
of the storm. The extreme value analysis results show
that the design water level in the Vietnam Standard
TCVN 9901:2023 has a very large error compared to
the observation. Especially the rare probabilities
greater than 2% are very different (up to 103.1%). In
the North and South, the design water levels
according to Vietnam Standard (TCVN) are higher
than the actual ones. Whereas, in Central Vietnam, the
design water levels are lower. This is the input data for
calculating other characteristics such as design waves.
If the water level is high, the waves will travel deeper,
causing large impacts on the structure. Conversely, if
the design water level is low, the wave impacts on the
structure will be small. Therefore, when calculating
and designing, it is necessary to check, monitor,
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measure and continuously update over time up to the
design phase.
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