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ABSTRACT
The distribution of flow discharge between the Tien and Hau Rivers in the Vietnamese Mekong Delta (VMD) plays an

important role in Vietnam’s agricultural and aquaculture production activities. However, recent variations in water levels
and flow patterns, driven by both human activities and climate change (CC), have posed significant challenges for water
resource management. This study evaluates the impacts of unsustainable exploitation and CC on the hydrological regime
of the Tien and Hau Rivers using non-parametric statistical methods. Long-term water level data (1978-2023) from Tan
Chau, Chau Doc, and Vam Nao observation stations were analyzed using the Mann-Kendall test (MK), Sen’s Slope (SS)
estimator, and Pettitt’s test to detect trends, quantify change magnitudes, and identify abrupt shifts. The results indicate a
significant decline in flood-season water levels, with annual decrease rates ranging from 41.5 to 72.9 mm in September and
November. Conversely, a slight increasing trend in water levels was observed in the dry season (DS) during the studied
time. Additionally, findings reveal that the upstream Tien River exerts greater control over the hydrological regime in the

Vam Nao River. These insights contribute to disaster risk assessment, sustainable water resource planning, and ecological
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risk evaluation. Furthermore, the results contribute to providing a foundation for applying hydrological and hydraulic

models to forecast hydrodynamics, thereby supporting effective water management strategies and mitigating flood and dry

risks in the VMD.
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1. Introduction

The VMD is one of the world’s largest and most dy-

121 supporting approximately 17 million peo-

namic deltas!
ple and contributing around 18% of Vietnam’s GDP through
rice and fisheries production> 4!, The delta’s economic de-
velopment is largely driven by natural floods that transport a
massive amount of nutrient-rich suspended sediment along
the Mekong’s main channel, and an abundant fishery supply
from upstream > /. However, the sustainable development
of the VMD is increasingly threatened by various factors,
both inland and coastal, including climate change, extreme
climatic events (ECEs), and the construction of major up-
stream dams that affect freshwater flow downstream!’-8,
These factors directly impact the regime of water flowing
into the VMD, leading to significant changes in river mor-
phology, which have become major challenges for rivers

%101 The construction of dams, CC, sea level

worldwide
rise (SLR), land use changes, and the development of dyke
systems have altered the natural hydro-geomorphological
characteristics of the VMD[''=13]_ Tn July 2019, the VMD de-
tected its lowest water level in 100 years® - 141 and in 2020,
the VMD experienced the most severe saltwater intrusion
disaster ever recorded'> %], Numerous studies have demon-
strated that dams have strongly changed flow patterns in the
VMD by reducing water flow in the flood season (FS) while
increasing it in the dry season (DS)!'*17- 18] For instance,
Minh et al.['3] conducted a comprehensive analysis of water
level trends at the upper stations of the VMD from 2000 to
2023. Their results showed a more significant decline at
Tan Chau compared to Chau Doc, with an annual decrease
ranging from 71.4 to 93.2 mm. However, the impact of dams
on the Mekong River’s flow patterns is still a topic of de-
bate, with some studies arguing that droughts are primarily

[14,19.20] * Additionally, rampant

driven by climatic factors
sand mining has exacerbated riverbed erosion, significantly
affecting the flow dynamics!>'231. The wetland ecosystems

of the VMD are particularly vulnerable to the impacts of CC

and the upstream hydropower dams (UHDs) projects (24261,

Ecological imbalance, reduced floodwater retention capac-
ity, and lower groundwater levels cause wetland areas to
dry out more quickly, with severe consequences for wetland
biodiversity 20281,

The Vam Nao River is approximately 6.5 km long, 700

(2911t is the only

m wide, and has a depth exceeding 17 m
river segment that directly connects the Tien River and Hau
River3%31 The Vam Nao River serves as a natural link
between the two main branches of the Tien River and Hau
River[*> 331, The tide on the Hau River propagates to the
Tien River during the dry season through reverse flow!”-31.

According to existing studies, many researchers have
conducted studies on water allocation between the Tien and
Hau Rivers, riverbed erosion and deposition, scouring pit mi-
gration, and bank erosion along the Vam Nao River!®3!-34],
However, a comprehensive study covering stations across
the VMD has not yet been conducted and current studies
have yet to fully assess the change in water flow distribution
between the Tien and Hau Rivers, which significantly im-
pacts the downstream wetland ecosystems. This study aims
to address these knowledge gaps by examining the hydro-
logical regime variations between the Tien and Hau Rivers
under the impact of unsustainable exploitation and climate

change.

2. Materials and Methods

2.1. Study Area and Data

The Mekong River is the longest river in Southeast Asia,
stretching 4,763 km, with an average annual flow rate of ap-

s~1 51, The river originates from the

proximately 15,000 m?
Tibetan Plateau, flowing through six countries and empties
into the East Sea of Vietnam through two main branches the
Tien River and the Bassac River[*>3]. The VMD has a rel-
atively low elevation, ranging from 0.5 to 4.5 m.a.s.1(2%-2%1,

The region has a dense network of channels connected to
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the East Sea of Vietnam and the Gulf of Thailand?% 3%]. The
Vam Nao River is where water circulates between the Tien
and Hau rivers (Figure 1), helping to balance the flow to
the East Sea!® 2%, Typically, high flow occurs during the
FS, while low flow happens in the DS, with the transitional
months being June and December (Figure 2). In addition,
the hydrological regime of the study area is also influenced
by tides from the East Sea and the West Sea?% 24, Recently,
unsustainable exploitation and climate change have altered
the flow regime during the flood and dry seasons?% 24, The
flood pulse submerges the upper part of the delta during
the FS, while in the DS, saltwater intrusion increases sig-

9,16, 17]

nificantly[ . The construction of upstream projects

may contribute to enhancing flow regime changes in this

a[lS, 23,35

are 1. In addition, CC is the main cause of rainfall

changes in the VMD, leading to changes in the regional

hydrological regime 24 331,
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Figure 1. The study area in the Vietnamese Mekong Delta.
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In this study, water level data were collected at three
stations Tan Chau, Chau Doc, and Vam Nao during the period
of 1978-2023 (Vam Nao station from 1984 to 2023). As for
the flow discharge, data at Tan Chau and Chau Doc stations
were collected from 1978 to 2023.
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Figure 2. Distribution of flow discharge across observation sta-
tions.

2.2. Methods

2.2.1. Pettitt’s Test

Quality assessment of data series is the process of
checking and evaluating the quality of collected data over

37381 The goal is to

a time series or from different sources!
ensure that the data used is reliable, complete, consistent, and
accurate, so it can serve for research, analysis, and decision-
making 3% 491 In the study, the Pettitt test was used to assess
the homogeneity of flow features at observation hydrological

[37.391 The Pettitt test is commonly used in several

stations
hydrological and climate studies to detect sudden changes
in the input data series[3”-3%1. The expression for the Pettitt
method is given in Equation (1).
k

P, =2% Zi:l ri—k(N—-13k=1,2,...N (1)
Where: r; represents the increasing rank of the data series
1,72, 73, .., TN

The test is useful for detecting the changes in the data
series without assuming a specific distribution, such as nor-
mal distribution. In the case where the data is interrupted at
year y when the value P, is maximized at P,:

P, = max |P;| with (1 <y < N) 2

The value of P, is simulated by Pettitt (1979) at o. =

0.05. In the case where the data is interrupted at year y when

the value P}, is maximized at P,:
2.2.2. MK Test

The MK test is a widely used for trend analysis in time

series, such as meteorology, hydrology, and environmen-

41, 42]

tal studies’ . The method is particularly useful when

dealing with data that contains abnormal or inconsistent ele-

ments [38: 401

The MK test is based on assessing the relationship be-

tween pairs of values in the time series to detect the existence

38,41

of trends 3% 411 In the testing process, the null hypothesis

(Hp) assumes that there is no trend in the data series and that
the values in the data series (x;,; =1, 2, ..., n) are independent
and have a uniform distribution 3421,

In this case, the statistical index S is defined by Equa-

tion (3):
N—-1

N
S = Z Z sgn(x; — ;)

i g=i+1

(€)
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+1lif z;
O0if z;
—1’L'ij —z; <0

When S > 0, it implies an uptrend while S <0, it implies

_$i>0

sgn(x; — x;) —z;=0

a downtrend.

The variance of S is determined using Equation (4):

VAR(S)*ll—g n(n —1)(2n +5) — Zt )2ty +5)

“4)

Where: g is the number of groups with repeated values, ¢, is
the number of times the value p appears.

The standardized value Z of S follows a normal distri-

bution, as given by Equation (5):

S—1 .
Z = 0 khi S =0 &)
S+1 :

Z follows a standard normal distribution N(0,1) and is
used to test whether the series has a trend or not at a given
significance level (in this study, oc = 0.05).

S

The Kendall correlation coefficient (7): 7 = 3, where

D is the maximum possible value of S, -1 <7 <1.
2.2.3. Sen’s Slope Estimation

The Sen’s slope method, proposed by Sen (1968) 42431,
is an effective tool for analysing trends in time series** 45].
The method is particularly useful if the data series does not
exhibit a normal distribution or contains outliers, as it is
based on the median rather than the mean, thereby minimiz-
ing the impact of anomalies in the datal*"-44]. The Sen’s
slope estimation method is a reliable approach to estimat-
s(4L42 Tt is

particularly useful when the data is not normally distributed

ing the slope of a linear trend in a time serie

or contains outliers, as it is less sensitive to the presence of
these anomalies"#3]. The method is based on the concept
of the median, which is a more robust estimator than the
mean in the presence of outliers 4241,

The slope is calculated by identifying all pairs of ob-
served values in the series and applying the following Equa-

tion (6):

Ij*fﬂi
j—i

Where: x;, x; are the values at times, and n is the number of

Qi = (6)

data points. From the set of values (), which are arranged

in order, the median value )4 is used to represent the
slope of the trend. The median value is determined by the
following Equation (7):

Q N+1)/2 ZfNZS odd
Qmed = Q[( 7)22] (7)
(/2] > (40720 £ N s even
Where: N = M is the total number of pairs of values

calculated from the data series with n observations.

A trend is considered increasing if Q)4 iS positive,
decreasing if the value is negative, and unchanged if the
value is 0.

The confidence interval of the slope!* is calculated

using Equation (8):

Cou = Z1— x [24/Var(S)

Where: Z;— /2 is the confidence interval based on the

®)

standard value. If the confidence interval of Q,,,cq does not
include 0, the trend is defined as statistically significant.
The Sen’s slope method has been commonly used in
fields such as hydrology, meteorology, and environmental
studies to analyze trends in natural factors like water levels,
rainfall, or temperature. With its flexibility and ability to
handle non-normal data, this method has proven effective in

analysing complex natural systems.
2.2.4. Innovative Trend Analysis (ITA)

ITA, introduced by Sen[**% is a novel method that
breaks away from traditional approaches by eliminating sev-
s1. Unlike traditional methods, ITA

does not assume an autonomous structure of the time se-

eral key assumption

ries, normality of data distribution, or restrictions on data
length[40-41.45] By creating a scatter plot with the first half
of the time series on the X-axis and the second half on the
Y-axis, ITA provides a straightforward visual interpretation

[42, 45]

of trends . This makes it easier to identify patterns and

anomalies in the data.

3. Results and Discussion

3.1. Evaluation Results of Water Level Trends

To assess the impact of unsustainable exploitation and
CC on the flow regimes, we divided the water level data
into two stages including pre-dam (before 1992) and post-
dam (1992-2023). The Pettitt test revealed that the water
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levels during the period from 1978 to 1992 at the observa-
tion stations were homogeneous (Table 1). The chart at Tan
Chau showed no sudden change points, with the water level
maintaining a stable level, fluctuating slightly, and no sig-
nificant increasing/decreasing trends. Similarly, the data of
maximum water level (Hp,x), average water level (Hyye),
and minimum water level (Hpyin) at Chau Doc were stable.
The Pettitt test did not show any abrupt changes, confirming
the homogeneity of the data series. At the Vam Nao station,
the data remained stable with no major fluctuations. The
results showed that there was no clear trend in the water
levels during this period, as confirmed by the MK test at o =
0.05 (Table 1).

The results reveal that the water levels at the three sta-
tions were relatively stable before the construction of dams.
The analyzed results of the Pettitt test and MK test confirmed
that there was no significant trend in the water levels dur-
ing this period. This suggests that the water levels were not
affected by any external factors, such as human activities
or climate change. At the Tan Chau station, the analyzed
results of water level in the stage from 1992 to 2023 revealed
a significant change in the river’s water level. A change point
occurred in 2011 (p = 0.05) for Hy.x and Hyye, while Hpyin
occurred earlier in 2008 (Table 1), with values decreasing
by 41.4 mm yr—!,22.26 mm yr—!, and 8.9 mm yr—!, respec-
tively. This decrease in water levels is particularly notable
in the flood months (Sep. and Nov.), where the trend shifted
from increasing to decreasing, with a rate of 34.5 to 73.0 mm
yr~! for Hyax and Hyye, while Hpyin. The results emphasized
the impact of the change point in 2011 on the water levels at
the Tan Chau station. The increasing trend observed in the
dry season water levels (April) and the subsequent decline in
water levels during the FS suggest that the river’s behavior
has changed significantly. This change may be contributed
to the factors, including changes in precipitation patterns,
human activities, or other environmental factors.

Similarly to the Tan Chau station, the Pettitt test re-
sults at the Chau Doc station showed homogeneity for the
period 1978-1992 with no clear trends detected (Table 1).
However, from 1992 to 2023, the water level fluctuations
showed similar trends to those observed at Tan Chau, but the
change points for the water levels differed from those at Tan
Chau. The Pettitt test results indicated that Hy;, changed the
earliest, followed by Hp,y, and lastly H,y.. This suggests

that the Chau Doc station also experienced a change in water
level behavior around 2011, but the magnitude and direction
of the change were different from those at Tan Chau. The
results recorded the key role of considering the specific char-
acteristics of each station when analyzing water level trends.
While the Tan Chau and Chau Doc stations showed similar
trends, the change points and magnitudes of the changes
were different. This suggests that the underlying drivers of
the changes in water level behavior may be different at each
station.

At Vam Nao station, the analysis results for the stage
1984—-1992 showed that the data series was homogeneous,
similar to the two stations above, with no trends detected at
the Vam Nao station (Table 1). However, during the period
1992-2023, the results at the Vam Nao station showed dif-
ferences compared to Tan Chau and Chau Doc stations. The
Pettitt test results indicated homogeneity for Hy,x and Hpip,
but a change occurred for the H,y value in 2011 (the same as
the change year for Tan Chau station). This suggests that the
Vam Nao station also experienced a change in water level
behavior around 2011, but the magnitude and direction of the
change were different from those at Tan Chau and Chau Doc
stations. The results of this study highlight the importance of
considering the specific characteristics of each station when
analyzing water level trends. While the Vam Nao station
showed differences compared to Tan Chau and Chau Doc
stations, it also experienced a change in water level behavior
around 2011. This suggests that the underlying drivers of
the changes in water level behavior may be different at each
station.

The results of trend analysis of water level characteris-
tics at observation stations in the stage 1984—1992 are illus-
trated in Figures 3—5. For Tan Chau station (Figure 3), the
Mann-Kendall trend analysis only identified a decreasing
trend for H,ye, while no trend was found for H,,,x and Hyin
at Vam Nao station. A detailed monthly analysis showed that
the Hyax recorded a slight increasing trend in some months,
particularly in January and April, with slopes of 14.0 mm
yr~! and 18.7 mm yr—!, reflecting an increase in peak flow
during the DS.

However, the Hy,i, recorded a sharp decreasing trend,
especially in September and November, with slopes of 52.3
mm yr—! and 38.8 mm yr—!, indicating the risk of severe wa-

ter scarcity during the FS (Figure 5). For Chau Doc station,
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Table 1. Statistical features of water levels at observation stations during the period 1978-2023.

Value Statistical Analysis MK Test Pettitt’s Test
Mean Max Min SD Kendall’s Tau P-Value Sen’s Slope P
Tan Chau Station
Max 3.96 5.06 2.55 0.64 -0.28 0.005 —0.020 0.008
Ave 1.67 2.39 0.94 0.33 -0.35 0.001 -0.012 0.001
Min -0.39 —0.18 —0.76 0.13 —0.15 0.126 —0.002 0.026
Chau Doc Station
Max 3.55 4.9 2.35 0.62 —0.269 0.008 -0.019 0.009
Ave 1.48 2.21 0.97 0.27 -0.279 0.006 —0.008 0.005
Min -0.51 -0.28 -0.69 0.11 0.035 0.732 0.001 0.083
Vam Nao Station
Max 2.94 3.73 2.23 0.39 —0.035 0.762 —0.002 0.213
Ave 1.24 1.74 0.90 0.20 —0.121 0.279 —0.003 0.116
Min -0.62 -0.41 —0.89 0.11 0.187 0.091 0.003 0.001

1 1

the MK trend analysis only identified a decreasing trend for mm yr~" and 38.8 mm yr~", indicating the risk of severe
Haye, while no trend was found for Hy,.x and Hy,;y at Vam  water scarcity during the FS (Figure 4).

Nao station.

Huss Trend Analysis in annually at Chau Doc station | ¢ Hus Trend Analys

inually ot Chau Doc station | ¢ Haye Trend Analysis in annually at Chau Doc station

s
. uoes
Loss |

o v mwe v o et

o: 8RR EREEHEEIEEEEEEIEDEELEEE Figured4. Change trends in annually (a) and monthly (b—e) water
Figure 3. Change trends in annually (a) and monthly (b—e) water levels at Chau Doc station during the stage 1984—1992 based on

levels at Tan Chau station during the stage 1984—-1992 based on the the Mann-Kendall test.
MK test.

The results of trend analysis of water level character-
A detailed monthly analysis showed that the Hy,x istics at observation stations in the stage 1992-2023 are il-

recorded a slight increasing trend in some months, particu- lustrated in Figures 6—8. The Mann-Kendall trend analysis

larly in January and April, with slopes of 14.0 mm yr—!

—1

and only identified a decreasing trend for H,,., while no trend
18.7 mm yr~, reflecting an increase in peak flow during was found for Hy,,x and Hy,;, at Vam Nao station. A detailed
the DS. However, the Hy,;, showed a sharp decreasing trend, monthly analysis showed that the H;,,,x recorded a slight in-

especially in September and November, with slopes of 52.3  creasing trend in some months, particularly in January and
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April, with slopes of 14.0 mm yr~! and 18.7 mm yr—!, re- | : T avamen |5 Rt
flecting an increase in peak flow during the DS (Figure 8). |- R ] :
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Figure 6. Change trends in annually (a) and monthly (b—e) water
levels at Tan Chau station during the stage 1992-2023 based on the

Mann-Kendall test.
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recorded a change point in 2011 (p = 0.05) for Hy.x and Hyye,
while H,,;, occurred earlier in 2008. This is consistent with

historical flood data. In 2008, the Mekong River experienced
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unusually high-water levels in the upper reaches, leading to
large floods in some areas.

These floods may have caused fluctuations in water
levels in the downstream regions, with the Tien River be-
ing affected by larger-than-usual amounts of water flowing
from upstream. Prior to 2008, several UHDs in the upper
Mekong River began operations, leading to changes in the
flow regime. These dams altered the water distribution mech-
anism, disrupting the natural flow to the downstream regions.
For the 2011 event, the VMD experienced one of the largest
floods in history. At Tan Chau station, large amounts of
water flowing from upstream caused abnormally high peak
flood levels. Additionally, floods may have altered the flow
regime, leading to subsequent fluctuations in water levels.

After this period (post-2011), many UHDs in the
Mekong upper catchment became operational. These dams
may have dominated the water volume and adjusted the flow
cycles, causing significant changes in the FS water levels
at Tan Chau station. The FS water levels showed a sharp
decline, from 34.5 to 73.0 mm yr‘1 in both Hyax, Hiin, and
Have. Meanwhile, the dry season water levels (April) showed
an increasing trend of 15.5 and 5.3 mm yr~! for Hy,, and
Haye, respectively.

Unsustainable exploitation activities have led to im-
pacts on downstream water level changes. Binh et al. [% 3]
confirmed that flow changes caused by UHDs have reduced
FS water levels in the VMD. Minh et al.!'3) revealed the
decrease in water level was more pronounced at the upper
observation stations of the VMD, with annual reductions
ranging from 71.4 to 93.2 mm yr—!.

At Vam Nao, the Pettitt test showed a significant change
in 2011, which aligns with the changes observed at Tan Chau.
At Vam Nao, the H,,. significantly decreased during the FS,
reflecting the impact of the regulated flow between the Tien
River and the Hau River. On the Hau River, the water level
fluctuations at Chau Doc station were recorded in the years
2003, 2007, and 2009, which were quite different from the
observation stations. Thus, the upper Mekong floods have a
stronger influence on the Tien River than on the Hau River,
which is clearly demonstrated through the tests and the data
on the distribution of flow rates between the two branches.

The ITA charts (Figures 9 and 10) imply the decreasing
trend observed in water level features from 1992 to 2023.

This is clearly represented by all the data points lying below

the 1:1 line, indicating the annual decline in water levels
throughout the study period at Tan Chau. In addition, the
ITA analysis carried out that the rates of decline are “Medium
to High”.

Figure 9. Change trends in annually water levels at Tan Chau (a),
Chau Doc (b), and Vam Nao (¢) station during the stage 1978-1992
using the ITA.

Figure 10. Change trends in annually water levels at Tan Chau (a),
Chau Doc (b), and Vam Nao (¢) station during the stage 1992-2023
using the ITA.

The results reveal the key role of considering the spe-
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cific characteristics of each station when analyzing water
level trends. While the Vam Nao station showed differences
compared to Tan Chau and Chau Doc, it experienced a change
in water level behavior around 2011. This suggests that the
underlying drivers of the changes in water level behavior
may be different at each station.

3.2. Evaluation Results of Flow Discharge Dis-
tribution Trends

The study divided the study stages of flow discharge be-
tween the Tien and Hau Rivers into 1978-1992, 1993-2011,
2012-2017, and 2018-2023 based on the uniformity of the
data series into FS (July to November), DS (January to May),
and transitional months (June and December) (Figure 11).
The results show a clear difference in the flow discharge ratio

between Tien and Hau Rivers.

1978 - 2011 2012 -2017 2017 -2023

a. Dry season

1978 - 2011 2012 -2017 2017 -2023

b. Flood season

1978 - 2011 2012 - 2017 2017 - 2023

c. June

1978 - 2011 2012 - 2017 2017 -2023

d. December

Figure 11. Flow distribution ratio across Tien and Hau Rivers for
the periods 1978-1992, 2012-2017, and 2018-2023 in the dry sea-
son, FS and transitional months (June and December).

In the DS, the period from 1978 to 1992 showed a
relatively balanced flow discharge ratio between Tien and
Hau Rivers, with about 42% of the water discharge flowing
to Hau River. However, in the 2012-2017 and 2018-2023
periods, the water discharge ratio at Tan Chau station in-
creased significantly, while Chau Doc station recorded a
sharp decline. The water discharge ratio flowing to the Hau

River in the 2012-2017 and 2018-2023 periods was 17%
and 12%, respectively. This reflects a concentration of flow
more towards the Tien River during the DS.

In the FS, the change was not as pronounced in the
1978-1992 and 1993-2011 periods, with about 42% of the
water discharge flowing to the Hau River, similar to the dry
season. However, starting from 2012-2017, the water dis-
charge ratio at Tan Chau station continued to dominate over
Chau Doc station. The water discharge ratio to Chau Doc
station in the 20122017 and 2018-2023 periods was 17%
and 16%, respectively. In the transitional months, a similar
trend was also observed. The water discharge ratio at Tan
Chau station gradually increased over the period, while Chau
Doc station decreased. This could reflect changes in the flow
distribution due to natural factors and the impact of upstream

hydrological works.

4. Conclusions

The work comprehensively analysed the hydrological
regime variations between the Tien and Hau Rivers during
the period of 1978-2023 under the impacts of anthropogenic
and climate change. The results have highlighted significant
changes in the hydrological regime between the Tien and
Hau Rivers from 1978 to 2023. Prior to 1992, the water
levels at the Tan Chau, Chau Doc, and Vam Nao stations
remained stable, with no notable trends in the flow discharge
and water level. However, after 1992, especially from 2011
onward, the water levels fluctuated noticeably. The flood
peak water levels at Tan Chau station decreased at a rate of

41.4 mm yr—!

, while both the average and minimum water
levels also showed a similar downward trend. In contrast,
the dry season water levels showed a slight increase at all
three stations, particularly in the early months of the year,
reflecting the adjustment of flow due to UHDs.

The flow distribution ratio between the Tien and Hau
Rivers also underwent significant changes. Before 1992, the
water ratio between Tan Chau and Chau Doc stations was
relatively balanced, with about 42% of the water flowing
through Hau River. However, since 2011, the water volume
has mainly concentrated in the Tien River. The ratio of water
flowing through Hau River at Chau Doc station dropped
sharply to 16—17% during both the FS and DS, reflecting the
dominance of upstream floods in the Tien River. The flow
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through Vam Nao River was still strongly dominated by the
Tien River, especially during the FS.

The study provided a crucial scientific basis to assess
and better understand the hydrological regime variations in
the VMD. The study highlights the necessity for sustainable
water resource management solutions. Cross-border water
management cooperation among the countries in the Mekong
River basin plays a critical role in minimizing the impacts
of unsustainable exploitation and ensuring sustainable de-
velopment for the region in the background of increasing
CC.
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