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ABSTRACT

The Mekong Delta (MKD) is increasingly suffering from the adverse effects of saline intrusion, pri-
marily due to climate change-sea level rise (SLR), upstream hydropower development, and man-
grove forest degradation. This study focuses on using statistical methods to assess salinity changes,
by determining the frequency of salinity through ANOVA variance analysis and frequency analysis
based on data series from 1996 to 2018 at monitoring stations. The results show that the increasing
trend of salinity (at Binh Dai, Ben Trai, Loc Thuan, Huong My, Son Doc, An Thuan, Hung My, Tra Vinh,
Cau Quan, Long Phu, Dai Ngai, Phuoc Long, Ganh Hao, CaMau) accounts for 70%, while the de-
creasing trend of salinity (at Hoa Binh, Vam Kenh, Tra Kha, Tran De, Soc Trang, Song Doc) accounts
for 30%. Regarding to frequency analysis, at a frequency of 90%, the stations (Phuoc Long, Ganh
Hao, Ca Mau, Song Doc) exceed 33%o, and at a frequency of 95%, the stations (Tran De, Phuoc
Long, Ganh Hao, Ca Mau, Song Doc) exceed 33%o. The study's results, which determine the trend
of salinity changes, provide a database for further in-depth research as well as support for disaster

management efforts concerning local saline intrusion.
Key words: Saline intrusion, statistical methods, ANOVA, salinity frequency, Mekong Delta

INTRODUCTION

Saltwater intrusion (SI) in MKD has become a seri-
ous issue, with salinity levels in the water exceeding
permissible limits, negatively impacting the lives and
production activities of the local population 2. Sl is a
consequence of climate change, rising sea levels, and
the construction of numerous upstream dams on the
Mekong River, these factors lead to a shortage of water
flowing into the Mekong River, especially at the end
of the dry season®*. Climate change has increased
the frequency and intensity of extreme weather events
such as El Nifio, prolonging dry periods and reducing
rainfall, thereby exacerbating the extent of saltwater
intrusion. The reduced upstream flow from the dams
on the Mekong River also decreases the amount of
fresh water flowing into the MKD region, making it
easier for seawater to penetrate deep inland'. Addi-
tionally, flow control structures like dams and canals
have altered the natural structure of the river, affect-
ing the region’s resilience to saltwater intrusion. SI
significantly impacts economic activities and produc-
tion, particularly agriculture and aquaculture, which
are the main economic sectors of the MKD 2. Saltwa-
ter damages land, reduces crop yields, and kills fish
and shrimp. This directly affects the livelihoods of
the people, creating many difficulties and challenges
in efforts to manage and respond to saltwater intru-

sion37.

Vietnam is significantly affected by climate change,
especially the low-lying provinces of the MKD. Cli-
mate change and saltwater intrusion (SI) have had
major impacts on the environment and production
activities in the MKD?. Due to the complexity of
this phenomenon, SI has garnered the attention of re-
searchers and policymakers aiming to address this is-
sue. Numerous studies have employed various mod-
els and methods to assess and forecast the extent of SI
in the MKD. For instance, some studies have used the
Gamma model to calculate the impact of SI on river

3-5. In Bac Lieu,

systems and hydraulic structures
the Gamma model has been applied to simulate the
distribution of salinity in water, helping to identify
affected areas and propose appropriate management
measures. The Mike 11 and Mike 21 models have also
been widely used in studies to calculate SI, provid-
ing crucial information for managers in making de-
cisions regarding the prevention and mitigation of SI
impacts !4, Remote sensing and Geographic Infor-
mation Systems (GIS) techniques have also been uti-
lized in studies to monitor SI'*~24, Remote sensing
enables the monitoring of ST over a wide range and in
real-time, offering continuous and accurate data on
salinity changes in the water. Analysis results show
that remote sensing is suitable for monitoring SI but
is limited by satellite orbital cycles and weather con-

ditions, particularly in tropical countries >’

Cite this article : Tran N T H, Diem P T M, Tin N V, Kim T T. The trend of salinity changes at coastal
stations in The Mekong Delta during the period 1996-2018 . Sci. Tech. Dev. J. - Sci. Earth Environ. 2025;
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Although studies have achieved significant results,
many challenges remain to be addressed. Research
often faces difficulties in collecting reliable and long-
term input data, the effectiveness of models is highly
dependent on the quality and accuracy of this data?!.
While remote sensing techniques offer extensive spa-
tial coverage, they are limited in temporal resolu-
tion due to satellite orbital cycles and weather con-
ditions, which reduces the precision and reliability of
SI forecasts and simulations. To address these issues,
this study aims to enhance input data for SI research
through regression methods and frequency analysis.
Additionally, it focuses on assessing salinity changes
at monitoring stations using trend determination and
ANOVA testing methods, employing the p-value co-
efficient to determine confidence levels. The goal is to
provide a dependable database to support advanced
research, thereby improving the accuracy and reliabil-
ity of future SI forecasts and simulations. The study
will involve collecting and analyzing data from var-
ious sources, including on-site observations, remote
sensing data, and relevant statistical information. Re-
gression methods and frequency analysis will be used
to process and analyze this data, identifying trends
and relationships between factors influencing SI. This
research will not only supply reliable input data for SI
forecasting models but also contribute to the develop-
ment of effective management and response strategies
for SI in the MKD. By identifying trends in salinity
changes, the study aims to create a database for fur-
ther in-depth research. The study’s findings will assist
managers and stakeholders in making timely and ef-
fective decisions to mitigate the impacts of SI on liveli-
hoods and production, while also protecting and sus-
tainably developing the region’s socio-economic envi-
ronment.

STUDY AREA AND METHODOLOGY
Study area

The study was conducted in six provinces: Tien Giang,
Ben Tre, Tra Vinh, Soc Trang, Bac Lieu, Ca Mau and
Kien Giang, covering the areas of 10 rivers: Cua Tieu,
Co Chien, Hau, K Nhu Gia, K Maspero, Cua Cung
Hau, Ham Luong, Phung Hiep, Ganh Hao, and Song
Doc. The research was carried out from 1996 to 2018,
and the sampling points of this study are depicted in
Figure 1.

Data

The salinity measurement data from 20 stations lo-
cated at river mouths and along rivers were provided
by the Southern Region Hydro-Meteorological Cen-
tre. These stations have provided the highest salinity

data over the years from 1996 to 2018, as presented in
Table 1.

Methodology

This study was conducted following the research
framework outlined below Figure 2:

The method of trend determination and
ANOVA testing

To analyze the trend of salinity variation, the study
utilizes the method of linear regression, where the re-
gression equation takes the form: x(t) =at+b (*), with
a and b being the regression coeflicients. The trend of
the series is demonstrated through the analysis of the
slope coeflicient a, where the sign of coeflicient a de-
termines the increasing trend (if a > 0) or decreasing
trend (if a < 0), while the absolute value of a represents
the degree of variation of the series.

The coeflicients a and b in the trend equation are com-
bined with ANOVA testing to determine the confi-
dence level of the trend line. ANOVA testing with a
significance level of Alpha = 0.05, meaning the prob-
ability of committing a Type 1 error is no more than
5%, indicates that when Alpha is less than 5%, the
trend equation ensures confidence. If Alpha > 0.05,
the equation does not ensure statistical confidence.
These steps are performed using the Regression Statis-
tics tool in Excel software.

Pearson Type lll Distribution

This study applies the Pearson Type III cumulative
frequency curve (PIII) to analyze the salinity fre-
quency at various stations.

The Pearson III cumulative frequency curve has the
following characteristics:

Bl pcp) =0 m
v

In which: & is the vertical displacement depending
on Cs and P; when Cs and P remain constant, ® also
remains constant and does not depend on Cv.

The case where C,=1:

Foster and Rypkin relied on certain characteristics
of the Py curve, conducted integrations to find the
corresponding F values for different frequencies and
C,>0, and compiled a lookup table (see the appendix).
The case where C, # I:

In practice, when C,, # 1, based on the formula above,

we deduce:
Kp=9¢C +1 (2)

The case where C;<0:
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Table 1: Geographic Locations of Observation Stations

Other Province/ City Fax/ Code Stations name Longitude Latitude Rivers name
1 Tien Giang 552 Hoa Binh 106 © 35° 10917’ Cua Tieu
2 553 Vam Kenh 106 7 44° 10016° Cua Tieu
3 Tra Vinh 602 Tra Vinh 106 2 20° 9958’ Co Chie
4 614 Hung My 106° 26° 9952 Co Chie
5 615 Tra Kha 1067 15° 938’ Hau
6 616 Cau Quan 106°7° 9°945° Hau

Soc Trang 650 Tran De 105 54° 9°30° K.Nhu Gia
8 652 Dai Ngai 106°0° 9947’ Hau
9 657 Soc Trang 105 58° 9936’ K.Maspero
10 672 Long Phu 106° 8° 9036’ Hau
11 802 inh Pai 106 0 42° 10010’ Cua Dai
12 803 en Trai 1062 31° 9953’ Co Chie
13 Ben Tre 805 An Thua 1067 36° 9958’ Ham Luong
14 809 Huong My 106 © 23° 9959’ Cua  Cung

Hau

15 817 Son Poc 106 ° 30° 10702’ Ham Luong
16 818 Loc Thua 106 ° 36° 10712 Cua Dai
17 Bac Lieu 902 Phuoc Long 105?27’ 9926’ K.Phung Hie
18 903 Ganh Hao 1057 25° 9°00° Ganh Hao
19 Ca Mau 904 Ca Mau 105° 8° 9°10° Ganh Hao
20 916 Song Poc 104°50° 9°03° ong Poc

The results indicate that the highest salinity (maxi-
mum salinity) recorded at Vam Kenh is 30.9%o, while
the lowest salinity (minimum salinity) at Hoa Binh is
7.8%o. This reflects a distinct difference in salinity lev-
els between the two areas.

ANOVA testing with an alpha level of 0.026 < 0.05 at
the Vam Kenh station shows a confidence level of 95%.
Similarly, at the Hoa Binh station, an alpha level of
0.001 < 0.005 also indicates high reliability, ensuring
statistical significance for both stations in the study
area.

Analysis of the trend from Figure 3 shows a decreasing
salinity trend at Vam Kenh with a rate of 0.1459%o/yr,
while at Hoa Binh, the rate of decrease is faster, reach-
ing 0.6506%o/yr. This indicates that Hoa Binh is ex-
periencing a significantly faster reduction in salinity
compared to Vam Kenh. The cause of this trend may
be related to the northeast monsoon (northeast winds
and easterly winds throughout the dry season) blow-
ing directly into the Mekong River delta region, espe-
cially the coastal area from Can Gio to Ben Tre and

Tra Vinh. This wind may push seawater further into
the river, increasing the salinity of the water.

In summary, both Vam Kenh and Hoa Binh show a
trend of decreasing salinity over time, with the rate of
decrease at Hoa Binh being significantly faster. This
highlights the importance of studying and managing
water resources to mitigate the impact of saltwater in-
trusion on the environment and socioeconomic con-
ditions.

The calculations in Figure 4 show the characteristics
and trend of salinity at 6 stations (Binh Dai, Ben Trai,
Loc Thuan, An Thuan, Huong My, Son Doc) in Ben
Tre Province. The highest salinity is recorded at the
An Thuén station with 31.5%eo, while the lowest salin-
ity is 2.3%o at the Huong My station. At the Binh
Dai station, the salinity trend shows a slight decrease
over the years with a reduction coefficient of approx-
imately 0.1484%o/yr, indicating stability in salinity in
this area. The Ben Trai station has a very slight in-
creasing trend in salinity, only 0.033%o/yr, reflecting
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Figure 4: Salinty variation chart at stations in Ben Tre province.

negligible fluctuations and maintaining stability over
time.

The An Thuan station shows a slight increasing trend
in salinity over the years, with a linear trend indi-
cating an increase of 0.1053%o/yr. Although there is
an increase, it is not significant. The Huong My sta-
tion exhibits a slight increasing trend with a rate of
0.291%o/yr, indicating a faster increase compared to
other stations in the area due to its location at the

large Co Chien River branch and its proximity to the
sea, only about 20 km away, subject to various factors
such as water shortage from upstream, flow, waves,
and tides.

At the Loc Thuan station, salinity shows an increasing
trend with a rate of 0.1087%o/yr. The fluctuations in
salinity levels in this area are not very pronounced, in-
dicating that salinity remains relatively stable. Mean-
while, the Song Doc station has a trend of increasing
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salinity over the years, with a rate of 0.265%o/yr. This
trend reflects a relatively stable salinity level at Song
Doc.

The significance of these trends indicates changes in
natural environmental conditions, the impact of cli-
mate change, and the geographical location of the sta-
tions. Ben Tre Province has 4 river branches flow-
ing into the sea through 4 main river mouths: Dai
River Mouth, Ba Lai River Mouth, Ham Luong River
Mouth, and Co Chien River Mouth. Notably, Ben Tre
Province has a coastline directly exposed to the mon-
soon winds (northeast monsoon and easterly winds),
leading to severe coastal erosion and more intense
saltwater intrusion during the dry season.

From the above analysis results, although an increas-
ing trend in salinity is observed at the stations, the
Song Doc station has the highest amplitude of vari-
ation in the province. The Song Doc station is lo-
cated on the Hau River branch, about 20 km from
the sea, with relatively high and complex salinity lev-
els, specifically showing the most significant salinity
peaks in the years 1999 (18%o) and 2016 (27.4%o). At
the Huong My station, at the Cung Hau mouth, salin-
ity varied significantly during the period 2014-2016,
from 5.2%o to 19.5%o. Overall, the analysis of linear
trends shows a clear increasing trend in salinity at the
stations, with varying levels of increase.

The calculations in Figure 5 show the spatial char-
acteristics of salinity levels at 4 stations (Huong My,
Tra Vinh, Tra Kha, Cau Quan) in Tra Vinh Province.
The highest salinity recorded was at the Tra Kha sta-
tion with 22.8%o in 2005, while the lowest salinity
was 6.0%o at the Tra Vinh station in 2014. In terms
of trends, the Huong My station shows a slight in-
crease over the years, with a rate of 0.08%o/yr. The lin-
ear trend at this station indicates an increase in salin-
ity but with significant fluctuations during the period
1996-2005. At the Tra Vinh station, a slight increase
over the years is observed, with a rate of 0.0259%o/yr.
The linear trend at the Tra Vinh station shows an in-
crease in salinity, but the changes are not very pro-
nounced, ensuring spatial stability.

At the Tra Kha station, there is a slight decreasing
trend in salinity, with a rate of only 0.008%o/yr, in-
dicating a negligible reduction compared to other sta-
tions in the area. Meanwhile, at the Cau Quan sta-
tion, a slight increasing trend is observed with a rate
0f 0.0542%o/yr. The fluctuations in salinity at this sta-
tion are not very pronounced, especially during the
period 2004-2009.

The significance of these trends indicates that three
stations (Huong My, Tra Vinh, Cau Quan) show an
increasing trend, while the Tra Kha station shows a

decreasing trend. The cause of these changes may be
related to the El Nifio phenomenon during the 2015-
2016 period, which resulted in very low rainfall com-
bined with the impact of upstream dams, leading to
severe drought in the Mekong Delta region.

Figure 6 shows the trend in salinity at monitoring sta-
tions in Soc Trang Province, where the highest salinity
(maximum salinity) is greater than 33%o at the Tran
De station and the lowest salinity (minimum salin-
ity) is only 1.5%o at the Soc Trang station. Salinity
at the Tran De station shows the most significant de-
crease over the years. The linear trend indicates a re-
duction rate of -0.4511%o/yr, reflecting a considerable
decrease in salinity in this area, which may be due to
the station’s location in a small canal, with the area
and riverbed topography having a gentle slope.

At the Dai Ngai station, the salinity trend shows a
slight increase over the years, with an increase of only
0.01%o/yr. The linear trend indicates relative stability
but still shows a slight upward trend. Meanwhile, at
the Long Phu station, a significant increasing trend is
observed, with the linear trend showing an increase of
0.0503%o/yr, reflecting a high level of stability in salin-
ity. At the Soc Trang station, there is a slight decreas-
ing trend over the years with a rate of -0.0071%o/yr,
indicating that the changes in salinity levels over the
years are not significant compared to other stations in
this area.

Based on the calculated salinity trends of the 4 sta-
tions, 2 stations show an increasing trend (Long
Phu 0.0503%o/yr, Dai Ngai 0.0099%o/yr), while the
other 2 stations show a decreasing trend (Tran De -
0.4511%o/yr, Soc Trang -0.0071%o/yr). Overall, the
significance of these trends indicates a reduction in
salinity at the stations. However, salinity intrusion in-
dices in Soc Trang still show an increasing trend, par-
ticularly in the area along the Co Chien River. Soc
Trang Province is one of the regions at high risk due
to climate change, with erratic weather changes and a
shortage of main upstream flow being the two main
factors directly affecting changes in salinity over time
and across different spatial areas.

Figure 7 shows that the highest salinity (maximum
salinity) exceeded 33%o at the Ganh Hao station in
2015, while the lowest salinity (minimum salinity)
was 3.7%o at the Phuoc Long station in 1999, located
in Bac Lieu Province. Analysis of the trend from this
figure indicates that the trend rate at both stations is
increasing, with the most significant increase at the
Phuoc Long station, which has a rate of 0.4482%o/yr.
The linear trend for Phuoc Long shows that SI fluc-
tuates slightly over the years, indicating stability in
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Figure 6: Salinity variation chart at stations in Soc Trang province.



Science & Technology Development Journal - Science of The Earth & Environment 2025, ():1-14

33

332

333

33

b

335

336

337

33

-3

339

340

34

342

343

344

34!

&

346

347

348

34

°

35

=]

35

352

353

354

355

356

357

40.0
35.0
30.0
25.0

20.0
15.0
10.0

5.0

0.0
1996

1998

2001 2004

—#—Phuoc Long == Ganh Hao -

y=10.0482x +31.587

y=04221x + 22.547

2007 2010 2013 2016 2018
Years
Linear (Phuoc Long) -+« Linear (Ganh Hao)

Figure 7: Salinity variation chart at stations in Bac Lieu province.

the Phuoc Long area, due to the station’s location in
a small, deep inland river branch.

At the Ganh Hao station on the Phung Hiep River, the
salinity trend shows a slight increase over the years,
with an increase rate of 0.0221%o/yr. Salinity levels
fluctuate continuously over the years; although there
are variations, these changes are not significant. How-
ever, salinity fluctuated significantly during the 1999-
2000 period due to the complex structural changes in
the province’s production, with a simultaneous shift
in economic development to a higher structural scale.
As a result, the coastal water area also changed due
to the resonant nature of the complex riverbed topog-
raphy, leading to widespread salinity intrusion along
the river throughout the province.

The analysis results show that the salinity trend at the
Phuoc Long station fluctuates slightly, indicating sta-
bility in this area. Meanwhile, at the Ganh Hao sta-
tion, although there is a slight increasing trend, the
salinity levels vary insignificantly over the years, re-
flecting a relatively stable salinity level in this area.
Climate change and changes in production structure
have significantly affected the level of salinity intru-
sion in the region.

Figure 8 presents the results of the study and analy-
sis of the salinity time series data from 1996 to 2018
for the two stations Ca Mau and Song Doc in Ca Mau

Province, combined with ANOVA testing to assess SI
in the province. The highest salinity (maximum salin-
ity) exceeded 33%o, and the lowest salinity (minimum
salinity) was 27.3%o.

At both Ca Mau and Song Doc stations, the trend in
salinity changes over the years shows a slight increase,
with rates of 0.0476%o/yr at Ca Mau and 0.0108%o/yr
at Song Doc. This trend indicates that the variation in
salinity is not very pronounced, suggesting that salin-
ity at these two stations remains relatively stable.

The research results show that the salinity trends at
both stations are similar, particularly during the dry
season of 2016 when the El Nifio phenomenon caused
severe drought in the MKD, the Central Highlands,
and South Central Coast. At that time, the Mekong
Delta faced historic salinity intrusion, with salinity in
the river recorded at 4%o and intruding up to about
50km. In the study area, salinity intrusion exceeding
33%o was most distinctly observed at the Ca Mau and
Song Doc stations.

With the aforementioned complex characteristics, the
impact of salinity intrusion has spread across all
coastal provinces in the MKD, including Ca Mau
Province. This is clearly demonstrated by the data and
salinity trends analyzed at the monitoring stations in
the study.

The calculation results for the method and the R? are
presented in Table 2.
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Figure 8: Salinity variation chart at stations in Ca Mau province.

Salinity Characteristics by Frequency

The study has constructed a salinity frequency equa-
tion as shown in Table 3, indicating that after calculat-
ing the frequencies, the highest salinity of greater than
33%o with a frequency of 95% occurred at the Phuoc
Long station on the Hau River in Bac Lieu province.
The lowest salinity of 0.78%o with a frequency of 5%
was observed at the Soc Trang station in Soc Trang
province.

The authors used the PIII to conduct a comprehen-
sive assessment of salinity intrusion for 20 stations in
the study area. The results, based on two evaluation
criteria, are shown in Figure 9, which illustrates the
frequency of salinity exceeding 33%o. at the Hoa Binh,
Tran De, An Thuan, Phuoc Long, Ca Mau, and Song
Doc stations. This chart shows the relationship be-
tween the frequency of salinity occurrences and the
salinity values at these stations.

The chart in Figure 9 illustrates the cumulative salin-
ity frequency at the Hoa Binh, Tran De, An Thuan,
Phuoc Long, Ca Mau, and Song Doc stations. From
the chart, we observe that the Hoa Binh station has the
highest and most variable salinity among the stations,
especially at lower frequencies, indicating a high level
of salinity intrusion and significant variation at this
station. The Tran De and An Thuan stations have rel-
atively high salinity but show a decreasing trend as

frequency increases, although the variability is not as
large as at Hoa Binh. Meanwhile, the Phuoc Long
and Ca Mau stations have relatively stable and lower
salinity compared to Hoa Binh, Tran De, and An
Thuan, with slight fluctuations and maintaining sta-
bility as frequency increases. The Song Doc station
has quite high salinity but is more stable compared
to Hoa Binh, Tran De, and An Thuan, with less vari-
ation and remaining at a relatively high level as fre-
quency increases. Overall, all stations show a trend
of decreasing salinity with increasing frequency, in-
dicating a relative stability of salinity values as salin-
ity intrusion conditions occur more frequently. This
chart clarifies the differences in the levels and vari-
ability of salinity intrusion among the stations in the
study area, highlighting the importance of managing
and monitoring salinity intrusion to protect water re-
sources and ecosystems in these areas.

The chart in Figure 10 illustrates the cumulative fre-
quency of salinity at the Vam Kenh, Long Phu, Son
Doc, Binh Dai, Ben Trai, and Ganh Hao stations.
Salinity at the Vam Kenh and Ganh Hao stations re-
mains at the highest levels compared to the other sta-
tions and shows a slight decreasing trend as frequency
increases but still remains high. The Long Phu and
Son Doc stations have salinity ranging from average
to high, with the frequency curve indicating a grad-

413

414

45

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439



Science & Technology Development Journal - Science of The Earth & Environment 2025, ():1-14

Table 2: Table showing the equations and the correlation coefficient R?

Station Equation R?
Vam Kenh y=-0.1459x+318.93 0.2136
Hoa Binh y =-0.6506x + 1321.9 0.4312
Hung My y =0.0829x - 151.46 0.0272
Tra Vinh y = 0.0259x - 41.96 0.0064
Tra Kha y =-0.0847x + 187.53 0.0308
Cau Quan y = 0.0552x - 101.93 0.0273
Tran De y=-04511x + 9314 0.2805
Dai Ngai y =0.0099x - 10.693 0.0006
Long Phu y = 0.0503x - 85.045 0.0066
Soc Trang y =-0.0071x + 18.362 0.0005
Binh Dai y =0.1484x - 271.82 0.1182
Ben Trai y =0.0033x + 19.616 8E-05
Loc Thuan y =0.1088x - 202.81 0.0528
An Thuan y=0.1053x - 184.47 0.074
Huong My y = 0.0829x - 151.46 0.0272
Song Poc y = 0.0476x - 62.169 0.0113
Phuoc Long y =0.4221x - 819.61 0.1254
Ganh Hao y = 0.0482x - 64.615 0.0392
Ca Mau y =-0.0108x + 54.021 0.0005
—8—HoaBinh —*—TranDe An Thuan
Phuoc Long ——Ca Mau —=—Song Doc

70

60

50

%0

Frequency, P(%)

Figure 9: Chart illustrating salinity frequency
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Table 3: Table representing salinity frequencies from 95% to 5%

Other Name station P =95% P=90% P=75% P =50% P=25% P=10% P=5%
1 Vam Kenh 29.43 28.64 27.33 25.95 24.61 23.44 22.77
2 Hoa Binh 26.55 24.07 19.97 15.65 11.46 7.81 5.71
3 Hung My 20.67 19.35 17.16 14.85 12.61 10.66 9.54
4 Tra Vinh 18.36 16.80 14.96 13.94 13.41 12.61 11.29
5 Tra Kha 22.59 21.45 19.57 17.60 15.68 14.01 13.04
6 Cau Quan 12.48 11.68 10.35 8.95 7.60 6.41 5.74
7 Tran De 33.82 31.69 28.18 24.47 20.87 17.73 15.93
8 Dai Ngai 13.82 12.74 10.95 9.07 7.24 5.65 4.73
9 Long Phu 22.52 21.17 18.95 16.60 14.33 12.34 11.21
10 Soc Trang 7.59 6.78 5.44 4.03 2.66 1.46 0.78
11 Binh Dai 30.97 29.84 27.96 25.99 24.07 22.40 21.44
12 Ben Trii 30.35 29.39 27.79 26.10 24.46 23.03 22.22
13 Loc Thuan 20.52 19.43 17.63 15.72 13.87 12.26 11.34
14 An Thuan 31.02 30.09 28.56 26.94 25.36 23.99 23.21
15 Huong My 15.92 14.39 11.88 9.22 6.65 4.40 3.12
16 Son Poc 22.23 20.33 17.18 13.86 10.64 7.83 6.22
17 Phuoc Long 41.23 38.09 32.89 27.41 22.09 17.46 14.80
18 Ganh Hao 34.93 34.29 33.24 32.12 31.05 30.11 29.57
19 Ca Mau 38.11 36.80 34.62 32.32 30.09 28.15 27.03
20 Song Poc 38.31 37.23 35.45 33.57 31.74 30.15 29.24
—8—Hoa Binh —+—Tran De An Thuan
Phuoc Long ——Ca Mau —=—Song Doc
70
60
50
40
L 30
20
10
0
10 0 20 40 60 80 100

Frequency, P(%)

Figure 10: Chart illustrating salinity frequency from 35-40%o
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ual decrease in salinity as frequency increases, show-
ing that the level of saline intrusion varies moder-
ately. Salinity at the Binh Dai and Ben Trai stations
remains at lower levels compared to the other stations
and shows a gradual decrease as frequency increases,
indicating stability and less fluctuation.

In particular, the frequency curves at four stations
(Vam Kenh, Long Phu, Son Doc, Binh Dai, Ben Trai)
show that 90%-95% do not exceed the threshold of
33%o.
quency curve shows that 90%-95% of salinity levels

However, at the Ganh Hao station, the fre-

have exceeded the 33%o. The general trend at all sta-
tions is that salinity decreases as frequency increases,
indicating that at higher frequencies, the level of saline
intrusion gradually decreases and reflects the relative
stability of salinity values when saline intrusion con-
ditions occur more frequently.

From Figure 11, the 90% and 95% frequency curves
show that salinity at the Tra Kha, Dai Ngai, Loc Thuan,
and Huong My stations does not exceed of 33%o.
Overall, at a 95% frequency;, salinity at all four of these
stations is higher compared to the 90% frequency, in-
dicating the stability and lack of significant fluctuation
in salinity at these stations.

The results from Figure 12 show that the salinity fre-
quency curves at the Hung My, Tra Vinh, Cau Quan,
and Soc Trang stations are the lowest, below the 20%o,
in the dataset of 20 stations. The salinity at these four
stations also does not exceed the 30%o threshold, in-
dicating a stable and low level of saline intrusion at
these stations.

The analysis results are consistent with several pre-
The
study of Nguyen Van Thuong (2015) study shows

vious studies in the Mekong Delta region.

that the highest salinity at the Vam Kenh station also
tends to increase during the period of 1984-2014 (30
years) 2% In Ben Tre province, another study calcu-
lated the salinity trends at 6 stations (An Thuan, Ben
Tre, Binh Dai, Huong My, Loc Thuan, Song Doc), and
the results indicate that salinity at the Loc Thuan sta-
tion increased, while the other stations decreased in
the trend period of 2000-2016 (16 years)?!. In Tra
Vinh province, another study shows that salinity in
this province has an increasing trend, especially at the
Huong My and Tra Vinh stations?’. In the provinces
of Bac Lieu and Soc Trang, another author calculated
that the average annual temperature increased during
the period of 1980-2017 (37 years), thus concluding
that the level of saline intrusion in this area is increas-
ing?®,

The summary of the research results shows that the
trend of salinity changes at the study stations in the
Mekong Delta is complex and diverse, reflecting the

12

impact of climate change and local environmental fac-
tors.

However, the correlations are based on linear correla-
tion with R2 > 0.8, so there will be errors when fore-
casting future years; this represents the uncertainty in
this study. The more historical values there are, the
more reliable the correlation curve and the empirical
frequency curve will be?>*°. This study is based on
salinity values from 1996-2018, which is a sufficiently
long period to ensure the reliability of the data series.

CONCLUSION

The study has constructed trend equations using the
ANOVA statistical method with a significance level of
95%, providing quick computational results on trend
variations for 20 stations along the coastal areas of six
provinces (Tien Giang, Ben Tre, Tra Vinh, Bac Lieu,
Soc Trang, Ca Mau).

The results show that due to the influence of various
factors, the salinity trend at the stations differs. The
salinity trend is increasing at 15 stations (Binh Dai,
Ben Trai, Loc Thuan, Huong My, Son Doc, An Thuan,
Huong My, Tra Vinh, Cau Quan, Long Phu, Dai Ngai,
Phuoc Long, Ganh Hao, Ca Mau, Song Doc), account-
ing for 75%. These stations are affected by factors such
as direct onshore winds, long coastlines, the effects of
El Nino events, and upstream water reservoirs.
Meanwhile, decreasing trends are observed at 5 sta-
tions (Hoa Binh, Vam Kenh, Tra Kha, Tran De, Soc
Trang), accounting for 25%, due to these stations be-
ing located deeper inland with smaller river areas, ex-
periencing less impact from tidal surges and having
flat bottom topography

Regarding frequency analysis, at the 90% frequency,
the stations (Phuoc Long, Ganh Hao, Ca Mau, Song
Doc) exceed 33%o, and at the 95% frequency, the sta-
tions (Tran De, Phuoc Long, Ganh Hao, Ca Mau, Song
Doc) exceed 33%0. However, due to the comprehen-
sive coverage of the research data, the highest salinity
data at the stations are still limited.

ACKNOWLEDGMENTS

This research was conducted with the support of the
University of Natural Resources and Environment in
Ho Chi Minh City and the Department of Marine and
Island Management.

CONFLICT OF INTEREST

The authors collectively affirm that this article is the
result of their research, not published elsewhere, not
copied from previous studies, and there is no conflict
of interest among the author group.

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542



Science & Technology Development Journal - Science of The Earth & Environment 2025, ():1-14

—#—=Tra Kha —®—Dai Ngai Loc Thuan Huong My
35
30 !
25
20
& 15
5 \\\
0
P 0 10 20 30 40 50 60 70 80 90 100
Frequency, P(%)
Figure 11: Chart illustrating salinity frequency from 20-30%o
—o—Hung My —*%—Tra Vinh Cau Quan Soc Trang
20
X
|5 Ree— —e— ° *—oon
10
8
3 k
0
0 10 20 30 40 50 60 70 80 90 100
» Fequency, P(%)

Figure 12: Chart illustrating salinity frequency from 20-10%o

s AUTHORS’ CONTRIBUTION

ss Research idea development: N.V.T.,, TT.K., PT.M.D.
sss Research method selection: N.V.T., PT.M.D. Data
N.TH.T. Result analysis: N.T.H.T.
se7 Manuscript editing: T.T.K.,, PT.M.D., N.T.H.T.

<« REFERENCES

s49 1. Tran HG, Lam VT, Tran T, et al. Effects of dam construction
550 on the main-stream river, a lesson from Ba Lai Dam, Ben Tre
551 Province. Science & Technology Development Journal - Natu-
552 ral Sciences. 2021. (in Vietnamese);Available from: https://doi.
553 0rg/10.32508/stdjns.v5i2.835.

554 2. VyNTT,Tuan NM, Hieu TH, Tri VPD. Effectiveness of surface wa-
555 ter resources management for agriculture and aquaculture in
556 the context of saline intrusion in Ben Tre Province. CTU Journal
557 of Innovation and Sustainable Development. 2021;57(4):82-
558 92. (in Vietnamese);.

s46 processing:

3. Hien HN, Luu ND, Hiep HX. Simulation of the effects of rivers
and sluice on the process of saltwater intrusion in the Mekong
River Delta. Dalat University Journal of Science. 2017:358-78.
(in Vietnamese);.

4. Hieu HN, Thanh NH, Luu ND, Vinh NTQ, Hiep HX. Simulation
of salt intrusion on the sewer system in the Mekong Delta.
Vietnam Journal of Science and Technology. 2017. (in Viet-
namese);.

5. Dung DV, Phuong TD, Oanh LT, Cong TT. Exploiting the MIKE
11 model in forecasting, scene alert of salinity intrusion in the
delta area Mekong River. Vietnam Journal of Hydrometeorol-
ogy. 2018;693:48-58. (in Viethamese);.

6. Tran NA, Le AH, Nguyen DH, Ong TH, Nguyen HD. Research to
develop a two-dimensional (2D) program for saline intrusion
simulation. Vietnam Journal of Hydrometeorology. 2021. (in
Vietnamese);.

7. Thanh TN, Huynh VH, Vo MH, Tri VPD. Salinity intrusion
trends under the impacts of upstream discharge and sea
level rise along the Co Chien River and Hau River in the Viet-
namese Mekong Delta. Journal of Climate Change Science.
2023;11(3):66. (in Vietnamese);Available from: https://doi.org/

13

559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579


https://doi.org/10.32508/stdjns.v5i2.835
https://doi.org/10.32508/stdjns.v5i2.835
https://doi.org/10.32508/stdjns.v5i2.835
https://doi.org/10.3390/cli11030066
https://doi.org/10.3390/cli11030066
https://doi.org/10.3390/cli11030066

Science & Technology Development Journal - Science of The Earth & Environment 2025, ():1-14

580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650

10.

11.

12.

13.

14.

17.

18.

19.

20.

21.

22.

14

10.3390/cli11030066.

. Thanh NN, Quoc CT, Ngoc HD, Thanh PT. Research and appli-

cation of the MIKE 21 model to simulate saltwater intrusion
in the lower Mekong River in Tien Giang Province. Tien Giang
University Journal and Science. 2023:1-14. (in Vietnamese);.

. Phung LM, Dat TQ, Tri VPD. Application of one-dimensional

hydraulic mathematical model to assess and forecast the situ-
ation of salinity intrusion on the main river system in Tra Vinh
Province. CTU Journal of Innovation and Sustainable Develop-
ment. 2013;(25):68-75. (in Vietnamese);.

Neilson-Welch L, Smith L. Saline water intrusion adjacent
to the Fraser River, Richmond, British Columbia. Canadian
Geotechnical Journal. 2001;38(1):67-82;Available from: https:
//doi.org/10.1139/t00-075.

Nam NT, Thuc PTB, Dao DA, Thien ND, Au NH, Tran DD. As-
sessing climate-driven salinity intrusion through water ac-
counting: a case study in Ben Tre Province for more sus-
tainable water management plans. Journal Sustainability.
2023;15(11):9110. (in Vietnamese);Available from: https://doi.
org/10.3390/sul5119110.

Lam DH, Phuong NH, Dat ND, Giang NT. A setup of MIKE
11 model for hydrological and saline intrusion forecast in
Ben Tre Province. Vietnam Journal of Hydrometeorology.
2022;740(1):38-49. (in Vietnamese);.

Hai DV, Hue L, Tri D. Research and application of modeling to
build software for forecasting floods and saltwater intrusionin
the Mekong River, displaying the results of saltwater intrusion
forecasts on Google. Vietnam Journal of Hydrometeorology.
2020;710:33-42. (in Vietnamese);.

Ashrafuzzaman M, Artemi C, Santos FD, Schmidt L. Cur-
rent and future salinity intrusion in the south-western
coastal region of Bangladesh. Spanish Journal of Science.
2022;12:10017. (in Vietnamese);Available from: https://doi.
0rg/10.3389/sjss.2022.10017.

. Vu NN, Trung LV. Evaluating salinity intrusion in estuaries

using remote sensing data integrated in-situ observation.
Science and Technology Development Journal. 2018;2(2):50-
8. (in Vietnamese);Available from: https://doi.org/10.32508/
stdjsee.v2i2.493.

. Nguyen PT, Koedsin W, McNeil D, Van TP. Remote sens-

ing techniques to predict salinity intrusion: application for
a data-poor area of the coastal Mekong Delta, Vietnam.
International Journal of Remote Sensing. 2018;39(20):6676-
91. (in Vietnamese);Available from: https://doi.org/10.1080/
01431161.2018.1466071.

Nguyen AH, Tran HNN, Tran TV. Application of GIS and remote
sensing to assess changes to the west coastline of Ca Mau
Province in 2015-2020. Science Technology Development
Journal: Science of the Earth Environment. 2021;5(si2):si84-
si94. (in Vietnamese);.

Mahmuduzzaman M, Ahmed ZU, Nuruzzaman A, Ahmed FRS.
Causes of salinity intrusion in coastal belt of Bangladesh. In-
ternational Journal of Plant Research. 2014;4(4a):8-13. (in Viet-
namese);.

Le VT, Nguyen NV. Solution integrating remote sensing and
GIS in monitoring saltwater intrusion in the Mekong River.
Vietnam Journal of Science and Technology. 2019;61(3). (in
Vietnamese);.

Kalcic M, Hall C, Russell J, Fletcher R. Monitoring coastal
marshes for persistent saltwater intrusion. Paper presented
at: Journal of Selected Topics in Applied Earth Observations
and Remote Sensing; 2009;Available from: https://doi.org/10.
23919/0ceans.2009.5422076.

Dao NV, Binh PTT. Evaluation of the situation and impact of cli-
mate change on the salinity intrusion at Ben Tre Province. Viet-
nam Journal of Hydrometeorology. 2019;700:12-22. (in Viet-
namese);.

Cuong NH. Integration of GIS and decision tree in land
evaluation for coconut trees in Mo Cay Nam District,
Ben Tre Province. VNU Journal of Science. 2018. (in Viet-
namese);Available from: https://doi.org/10.25073/2588-1094/

23.

24.

25.

26.

27.

28.

29.

30.

vnuees.4218.

Binh NT, Tung NB, Duc DD, Anh TN, Hanh ND, Du NH. De-
veloping tools on assessing the effects of saline intrusion
on socio-economy and applying experimental calculation
of the Mekong Delta. Journal of Climate Change Science.
2021;17:20-29. (in Vietnamese);.

Quynh HNN, Khoi DN, Hoai HC, Bay NT. Application of re-
mote sensing and GIS for riverbank assessment in the Bassac
and Mekong Rivers. Vietnam Journal of Hydrometeorology.
2018;691:12-22. (in Vietnamese);.

Bay NT, Kim TT. Applied Hydrology and Calculations.
Viet Nam National University-Ho Chi Minh City. (in Viet-
namese);Available from: https://doi.org/10.32508/stdj.v26i3.
4091.

Thuong TV, Ngot PV, Hung DN. Manifestations of climate
change and sea level rise in Tien Giang Province in the period
1978-2015. Ho Chi Minh City University of Education Journal
of Science. 2016;(9(87)):188. (in Vietnamese);.

Trung LD, Tam ND, Khoi DN. Assessment of adaptive abil-
ity of farmers under the impact of saltwater intrusion in Tra
Vinh Province. Vietnam Journal of Hydrometeorology. (in Viet-
namese);.

Hong NV, Tho PTA, Lan NTP. Climate change and the impacts
of climate change on sustainable development of coastal re-
gion in the Mekong Delta. Vietnam Journal of Hydrometeorol-
ogy. 2019;707(8). (in Vietnamese);.

James G, Witten D, Hastie T, Tibshirani R. An Introduction to
Statistical Learning. Vol 112. Springer; 2013;.

Costa VJFOSH. Correlation and Regression. 2017:391-440;.

651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679


https://doi.org/10.3390/cli11030066
https://doi.org/10.1139/t00-075
https://doi.org/10.1139/t00-075
https://doi.org/10.1139/t00-075
https://doi.org/10.3390/su15119110
https://doi.org/10.3390/su15119110
https://doi.org/10.3390/su15119110
https://doi.org/10.3389/sjss.2022.10017
https://doi.org/10.3389/sjss.2022.10017
https://doi.org/10.3389/sjss.2022.10017
https://doi.org/10.32508/stdjsee.v2i2.493
https://doi.org/10.32508/stdjsee.v2i2.493
https://doi.org/10.32508/stdjsee.v2i2.493
https://doi.org/10.1080/01431161.2018.1466071
https://doi.org/10.1080/01431161.2018.1466071
https://doi.org/10.1080/01431161.2018.1466071
https://doi.org/10.23919/oceans.2009.5422076
https://doi.org/10.23919/oceans.2009.5422076
https://doi.org/10.23919/oceans.2009.5422076
https://doi.org/10.25073/2588-1094/vnuees.4218
https://doi.org/10.25073/2588-1094/vnuees.4218
https://doi.org/10.25073/2588-1094/vnuees.4218
https://doi.org/10.32508/stdj.v26i3.4091
https://doi.org/10.32508/stdj.v26i3.4091
https://doi.org/10.32508/stdj.v26i3.4091

Tap chi Phdt trién Khoa hoc va Céng nghé - Science of The Earth & Environment 2025, ():1-1
8 Open Access Full Text Article Bai nghién ciiu

Xu huéng bién doéi d6 man tai cac tram ven bién Poéng bang séng
Cltu Long giai doan 1996-2018

Nguyén Thi Huyén Tran', Phung Thi My Diém?2, Nguyén Vin Tin?, Tran Thi Kim?”

TOM TAT

Dbéng bang séng Cliu Long ngay cang chiu tac ddng nang né tu tinh trang xam nhap man, dac
biét trong bdi canh bién déi khi hau, nudc bién dang, phat trién thuy dién thugng nguén va suy
thodi rimg ngap man.. Nghién ctu nay tap trung st dung cac phuong phéap théng ké dé danh gia
su thay déi d& man, bang cach xac dinh tan suat d6 man théng qua phan tich phuong sai ANOVA
va phan tich tan suét dua trén chudi s6 liéu tir nam 1996 dén 2018 tai cac tram quan trac. Két qud
cho thdy xu hudng gia tdng dé man (tai cac tram Binh Bai, BEn Trai, Loc Thuan, Huong My, Son
Béc, An Thuan, Hung MY, Tra Vinh, Cau Quan, Long Phu, Bai Ngai, Phudc Long, Ganh Hao, Ca Mau)
chiém 70%, trong khi xu hudng gidm dé man (tai cac tram Hoa Binh, Vam Kénh, Tra Kha, Tran Dé,
Séc Trang, Song D) chiém 30%. Vé phan tich tan suat, tai tan suat 90%, cac tram (Phudc Long,
Ganh Hao, Ca Mau, Song Béc) vusot ngudng 33%o, va tai tan sudt 95%, cac tram (Tran DE, Phudc
Long, Ganh Hao, Ca Mau, Séng B6c) cling vugt ngudng 33%o. Két qua nghién cuu, xac dinh xu
hudng thay déi d6 man, cung cap ¢ s& dit liéu cho cac nghién clu chuyén sau hon cling nhu hd
trg cong tac quan ly thién tai lién quan dén xam nhap man tai dia phuong.

Tu khoa: Xam nhap man, phuong phap thong ké, ANOVA, tan suat do man, Béng bang séng Cliu
Long
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