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Abstract: Saline intrusion is a big challenge for the Mekong Delta region, a negative factor 

that greatly affects water and food security. In particular, the most severely affected areas are 

the coastal sub–regions between the Tien and Hau rivers in the lower Mekong basin, which 

are directly influenced by the tidal regime. In the dry season, the salinity changes 

complicatedly from year to year. It is necessary to analyze and assess the trend and forecast 

of saltwater intrusion in 2 main tributaries. In this paper, the study are used Mann–Kendall 

non–parametric testing method, Sen's slope estimator test, and the MIKE 11 model 

(HD+AD). The results are evaluated based on statistical analysis at the significance level α 

< 0.1 (probability of making type I error is 10%), ensuring the exclusion of extremely 

unstable values to the trend, the selecting the station that is qualified to calculate the Sen’s 

slope tr Sen’s slope trend will represent a typical regional saline intrusion regime feature. At 

the same time, the article also gives the results of forecasting the level of saline intrusion at 

a few main stations on the two tributaries of the Tien and Hau rivers in 2022. 
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1. Introduction 

The Tien and Hau river systems are two important international waterways from Phnom 

Penh (Cambodia) flowing through the center of the Mekong Delta in the East Sea, facilitating 

the development of regional economic trade with ASEAN countries and the world. Currently, 

most of the socio–economic centers of the Mekong delta are formed and developed along 

these two tributaries. 

However, the Mekong delta is a young delta, which has been expected to be increasingly 

affected by climate change, especially saline intrusion, which is a negative factor that greatly 

affects resource security. water and food security. The problem of sea level rise, high tide, 

lack of upstream flow, hot weather, high and water demand, caused the Mekong delta to 

experience dry years, causing heavy damage to the economy, society, and the environment. 

In 1998, 2005, and 2010, especially in recent years, there were two historic salinity intrusions 

with the earlier occurrence and deeper penetration in the river and canal system [1]. 

Comparison of saline intrusion in 2016 and 2020 in the Mekong delta: Tien river system (Cua 

Dai, Cua Tieu, Ham Luong), saline intrusion from 65 to 95 km in 2020; On the Hau river 

tributary, in 2016 the intrusion into the field is about 55–60 km, in 2020 there is little change, 

from 60–65 km [2]. According to the RCP4.5 scenario by the middle of the 21st century, the 

sea level will rise by 23 cm (13÷31 cm); By the end of the 21st century, the sea level will rise 
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by 53 cm (32÷77 cm). According to the RCP8.5 scenario, by the middle of the 21st  century, 

sea level could rise by 28 cm (19÷37 cm), and by the end of the 21st century, by 73 cm 

(48÷105 cm) [3]. Rising sea levels will push salinity further inland along major tributaries 

such as the Tien and Hau rivers, especially in the dry season when the Mekong river flows 

are lowest, contaminating large farming areas [4–15]. 

Several studies and assessments on the fields of meteorology, hydrology, and climate 

change relating to using the Mann–Kendall non–parametric test method and Sen’s slope 

estimator test in Vietnam were studied in Vietnam. Such as analysis and calculation of 

salinity evolution: [16–19] using integrated SWAT and HEC–RAS models to simulate and 

analyze the trend of flooding and saline intrusion for Ho Chi Minh City according to the 

baseline and scenario scenarios. RCP4.5 (2016–2035) follows the Mann–Kendall method, 

combines the Theil–sen slope, and creates a dynamic partition map. On the field hydrology–

groundwater hydraulics: [20] assesses the level of underground water level decline in 

Holocene and Pleistocene aquifers in the upper MD, using Mann–Kendall and Sen's slope 

estimator test methods in the calculation. Rainfall distribution, additional rainfall in two 

periods of the rainy season and dry season, period 1995–2015. For analysis and assessment 

of climate change: [16] calculates the trend of changes in rainfall during the period: 15’, 30’, 

45’, 60’, 90’, 120’, and 180’ at Tan Son Hoa station in the period 1971–2016 using Mann–

Kendall non–parametric testing method and Sen's slope estimator test. [17] Assess the 

climate change trend of Binh Phuoc province in the period 1981–2018 on the factors of 

average temperature, and annual rainfall, combined with the assessment according to the 

scenarios RCP4.5 and RCP8.5 for different periods: 2025, 2030, 2050 and 2100. 

The results obtained from the above studies, prove that the Mann–Kendall non–

parametric test method and Sen’s slope estimator test method are effective and have high 

reliability [16–19]. To have a basis for developing prevention and mitigation measures, 

strategic measures to cope with drought and salinity in the Mekong delta, and appropriate 

economic transformation policies for aquaculture, fishing, or energy development clean 

quality but still ensure and maintain a high–quality agricultural economy, it is necessary to 

study, analyze and evaluate the trend of saline intrusion changes from the past to the current 

status. From there, it is possible to make predictions about the level of development in the 

future. Therefore, this paper presents a study to assess the trend of saline intrusion change in 

the 5 coastal sub–regions between the Tien and Hau rivers in the period 1997 to 2022. To 

have a better overview of the fluctuations of saline intrusion the paper used the 26 years data 

series of the maximum salinity value from the years 1997 to the present time in 2022 in 5 

coastal provinces: Tien Giang, Ben Tre, Tra Vinh, Vinh Long, Soc Trang. 

2. Materials and Methods 

2.1. Study area and data collection 

The Mekong Delta is divided into 4 sub–regions: the East Coast, the Dong Thap Muoi, 

the Ban Dao Ca Mau, and the Tu Giac Long Xuyen. the East Coast includes 4 provinces: 

Tien Giang (the part along the Tien River accounts for 53% of the province’s area, with a 

length of 115 km within the province), Ben Tre (including Tien river: 83 km, Ba Lai river 59 

km, Ham Luong: 71 km, Co Chien: 82 km), Vinh Long (with Co Chien river being a branch 

of the Tien River, with a length of 90km, Hau river flowing through has a length of about 75 

km), Tra Vinh (covered by Tien, Hau River with 02 gates Cung Hau and Dinh An, total 

length 578 km). Although Soc Trang province belongs to the Ban Dao Ca Mau, it is a coastal 

province located at the lower end of the Hau River, with an inadequate river system with 

large and small islets, more than 50 km along the Hau river and 2 large estuaries are Dinh 

An, Tran De empties into East Sea [21–23]. 
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The series of data used is the maximum salinity value in the dry season (Smax) in 26 years 

from 1997 to 2022 at some stations on the main tributaries (Figure 1 and Table 1). 

 

Figure 1. Study area and stations used to assess the trend of salt intrusion in the coastal sub–region 

between the Tien and Hau rivers. 

Table 1. List of stations to assess the trend of salt line intrusion change in the Tien and Hau rivers. 

Number 
Salinity Monitoring 

Station 
Sites 

1 Vam Kenh Cua Tieu, Tan Thanh, Go Cong Dong–Tien Giang 

2 Ben Trai Co Chien, An Thuan, Thanh Phu–Ben Tre 

3 Binh Dai Cua Dai, Binh Thang, Binh Dai–Ben Tre 

4 Tra Vinh Brand of Cung Hau, Co Chien river, Tra Vinh 

5 Tra Kha Cua Dinh An, Tra Cu–Tra Vinh 

6 An Thuan Ham Luong, An Thuy, Ba Tri–Ben Tre 

7 Cau Quan Brand of Đinh An, Hau river, Tieu Can–Tra Vinh 

8 Đai Ngai Hau, Đai Ngai, Long Phu–Soc Trang 

9 Hoa Binh Cua Tieu, Vinh Huu, Go Cong Tay–Tien Giang 

10 Hung My Co Chien, Hung My, Chau Thanh–Tra Vinh 

11 Huong My Brand of Co Chien, Huong My, Mo Cay Nam–Ben Tre 

12 My Thanh Cua Tran De, Vinh Hai, Vinh Chau–Soc Trăng 

2.2. Theoretical basis of Mann–Kendall (MK–test) non–parametric testing method 

The Mann–Kendall test [18] compares the relative sizes of elements in the data series, 

which can avoid local maxima or minima of the value series. If it is hypothesized that there 

is a time series data (x1, x2,…,xn) with xi representing the data at the time i, then each data 

value at each time point is compared with the values. across the time series. The initial values 

of the Mann–Kendall statistic, S are 0 (that is, there is no trend). Then the Mann–Kendall (S) 

statistic is calculated by:  
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Value S > 0 indicates an uptrend, and S < 0 indicates a downtrend. However, it is 

necessary to calculate the probabilities associated with S and n to determine the significance 

level of the trend. The variance of S is calculated according to the formula: 

 

(2) 

where g is the number of groups with the same value,  is the number of elements in the 

path group. 

The normal value Z of S follows the law of the normal distribution: 

 
(3) 

where Z = 0, S = 0 

 

(4) 

2.3. Sen’s slope 

To determine the magnitude of the trend of the Q series (trend line slope) we use Sen’s 

slope estimator test method [19]. Q is the median of the series n(n–1)/2 elements. 

 with i = 1,2,.., n–1; j>i 

Q > 0: chain tends to increase and vice versa 

(5) 

2.3. Establishing a model for predicting salinity in 2 tributaries of the Tien and Hau rivers 

Regarding the water environment, to predict the impact of saline intrusion on the water 

resources of the Mekong River, it is appropriate to choose MIKE 11 as the key model. MIKE 

11 (HD+AD): 1–D model for river and canal system, using input data series from MIKE 

NAM to simulate flow in a river basin. Combined with the AD module (1D–dimensional 

diffusion) to simulate the propagation of salinity on the river system. 

Two important upstream factors that 

dominate the water resources in the 

Mekong Delta are the amount of water 

stored in Tonle Sap (TonleSap), which 

helps to regulate and limit the flood flow 

in the Mekong Delta during the flood 

season and increase the source of fresh 

water during the flood season. dry season. 

And the flow to Kratie station (the 

beginning of the Mekong Delta) is located 

about 300 km upstream from the 

Vietnam–Cambodia border, representing 

the starting point of the lower Mekong. 

The downstream point is 8 estuaries: (1) 

Vam Kenh, (2) Binh Dai, (3) An Thuan, 

(4) Ben Trai, (5) My Thanh, (6) Ganh 

Hao, (7) Song Doc and (8) Rach Gia 

(Figure 2). 

The following table presents factors 

affecting saline intrusion in the Mekong 

Delta: 
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Figure 2. Network of Mekong River Delta. 
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Table 1. Factors affecting the flow–saltwater intrusion in the Mekong Delta. 

Impact factors Featured Methods forecast forecasts 

Upstream flow to the 

Mekong Delta 

- The development of hydropower in the 

upstream area; 

- Water regulation in upstream reservoirs; 

- Demand for upstream water. 

- Monitor rainfall at the end of the 

flood season and capture 

information on water reserves at 

the beginning of the dry season in 

upstream reservoirs. 

Water level 
- There is an increasing trend over time; 

- Bringing salinity deep into the field. 
- Tidal forecast results. 

Rainfall 
- dry season: low; 

- difficult to forecast seasonal purchases. 
- Follow the current data. 

Construction of sluice to 

prevent saltwater 

- to build in coastal areas and small 

tributaries. 
- Present. 

Main river network system of the Mekong River Basin and data of irrigation works 

(salinity sluices): 

Table 3. Construction of sluice to prevent saltwater. 

Construction of sluice 

to prevent saltwater 

Area serviced 

(hectare) 
Featured 

North Ben Tre 54,000 
- Salt control; 

- Freshwater resources in coastal areas are still very difficult. 

South Ben Tre 80,000 
- Salt control; 

- Freshwater resources in coastal areas are still very difficult. 

South Mang Thit 25,682 
- Salt control; The last part of the system is worth switching 

to a salty–brackish ecology (shrimp farming); 

Long Phu–Tiep Nhat 53,910 

- Salt control; The last part of the system is worth switching 

to a salty–brackish ecology (shrimp farming); 

- Lack of fresh water in coastal areas. 

3. Results and discussions  

3.1. MK–test result 

The results of Mann–Kendall testing at salinity measurement stations along Tien and 

Hau rivers in 5 provinces: Tien Giang, Ben Tre, Tra Vinh, Vinh Long, and Soc Trang are 

presented in Table 2. 

Table 4. Mann–Kendall test results for salinity trends in the Mekong Delta. 

Station M Min Max Mean 
Std. 

deviation 

MK–

test (S) 
Var(S) 

P–

value 

Vam Kenh 26 20.2 30.9 25.6 2.3 –99 2051.7 0.030 

Ben Trai 26 17.8 29.3 25.6 2.8 –21 2053.7 0.659 

Binh Dai 26 17.5 29.4 25.8 2.8 57 2053.7 0.217 

Tra Vinh 26 5.8 19.6 10.4 3.4 111 2056.3 0.015 

Tra Kha 26 11.1 25.9 17.9 3.5 –16 2057.3 0.741 

An Thuan 26 23.0 31.5 27.5 2.3 65 2054.3 0.158 

Cau Quan 26 4.5 16.5 9.4 2.7 104 2057.3 0.023 

Đai Ngai 26 3.4 14.6 9.2 2.9 2 2055.3 0.982 

Hoa Binh 26 8.5 24.1 13.6 3.6 19 2053.7 0.691 

Hung My 26 7.4 22.6 15.3 3.7 21 2056.3 0.659 

Huong My 26 2.3 18.9 9.5 3.5 93 2053.7 0.042 

My Thanh 26 18.3 35.8 24.9 4.7 –153 2058.3 0.001 
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Mann–Kendall test results show S>0 values at 8/12 stations, which shows that 2/3 of the 

stations along 2 tributaries of the Tien and Hau rivers have a trend of increased saline 

intrusion. The strongest growth was at Tra Vinh and Huong My stations (Co Chien river), 

and Cau Quan station (Hau river) with S values of 111–93–104, respectively.  

However, in terms of statistical significance P–value has α < 0.1 (probability of making 

type I error is 10%), removing extreme values, only 5 stations are Vam Kenh (Tieu gate), Tra 

Vinh and Huong My (Co Chien river), Cau Quan (Hau river), and My Thanh station (Tran 

De gate) met the requirements. The remaining stations all tend to increase/decrease clearly 

but the non–parametric level of the MK–test does not satisfy the significance α < 0.1. 

3.2. Changing trend of saline intrusion 

Figure 3 shows the process of Smax change trend at Vam Kenh, Tra Vinh, Huong My, 

Cau Quan, and My Thanh stations according to the data series from 1997 to 2022. The results 

of increasing saline intrusion trend at 3 stations with an average speed (S–slope) are Tra Vinh 

station 0.2258 g/l/year; Cau Quan station 0.1731 g/l/year; Huong My station 0.1934 g/l/year. 

The remaining two stations, Vam Kenh in the Tien River estuary and My Thanh station at 

the Tran De estuary in the Hau river, tend to decrease by 0.1445 and 0.3812 g/l/year. 

 

(a) (b)

(c) (d)

(e)

Figure 3. The trend of saline intrusion at some 

stations in the coastal sub–region between the Tien 

and Hau rivers in the period 1997–2022: (a) Vam 

Kenh; (b) Tra Vinh; (c) Cau Quan; (d) Huong My; 

(e) My Thanh. 
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In the calculated data series with a length of 26 years, it can be divided into two periods 

1997–2010 (97–10) and 2010–2022 (10–22) to further consider the changes in salinity in the 

first 13 years and 12 years after. In most of the 5 calculation stations, Vam Kenh, Cau Quan, 

and Huong My stations, the up/down trend of each period compared to the average of many 

years does not change too much. The remaining two stations have trend slopes markedly 

different from the multi–year average value chain. At Tra Vinh station in the period 10–22, 

the growth trend is strong compared to the period 97–10. In contrast, the curve showing the 

fluctuation of salinity intrusion at My Thanh station has the S'slope period 97–10 and 10–22 

decreasing relatively slightly compared to the multi–year average. 

It was found that in the estuary area, salinity tends to decrease markedly, and in the 

inland area, on the contrary, the salinity increases rapidly, the salinity peak in recent years is 

much higher than in the previous period. According to the 26–year statistical data series, the 

highest salinity occurs in 1998, 2005, 2010, 2016, and 2020. Thus, the average salinity peak 

occurs once every 4–5 years.  

However, the spread of salinity into the interior of the field clearly depends on the 

amount of water from upstream to the delta, especially the two main receiving sources at Tan 

Chau station (Tien river) and Chau Doc station (Hau river). The value of salinity 

concentration in the coastal area and tributaries here depends entirely on the tidal regime of 

the East and West seas, and to comprehensively assess the process of salinity fluctuations, 

many factors such as upstream currents must be considered. source, sea level rise, storm 

surge, climate change, demand for water in daily life, production, the operation process of a 

sluice gate to prevent saline intrusion, etc. 

3.3. Forecast results of salinity intrusion in 2 tributaries of Tien and Hau rivers  

The forecasts below are the highest salinity (Sx) from January to June 2022 with a 

forecast period of 1 time/month. At the same time, this forecast result is compared with data 

collected from the Southern Regional Hydrometeorological Station. From there, it is possible 

to accurately assess the predicted level of saline intrusion using the MIKE 11 model 

(HD+AD). The table below presents the evaluation results (Figure 4 and Table 5). 

Table 5. The compares the forecast results with the reality. 

 Station River Area 

18–27/03/2022 

Forecast 

results (Smax) 

Monitoring 

data 

1 Vam Kenh Cua Tieu Tien Giang 22 21.8 

2 Ben Trai Co Chien Ben Tre 22 19 

3 Binh Đai Cua Đai Ben Tre 25 21 

4 An Thuan Ham Luong Ben Tre 27 22.2 

5 Tra Kha Hau Tra Vinh 13 14.2 

6 Huong My Co Chien Tra Vinh 15 10.2 

7 Hung My Co Chien Tra Vinh 20 12 

8 Đai Ngai Hau Soc Trang 13 6 

The time to choose the assessment is in the middle of the dry season (March) in 2022. 

Because currently, salinity usually reaches the maximum value. According to the forecast 

from the saline intrusion calculation model. In the Mekong Delta, salinity intrusion is greatest 

from March to early April and gradually decreases from mid–April onwards. From the end 

of May to November, the salinity intrusion in the South gradually weakens, with low intensity 

because this period coincides with the rainy season in the South and the water upstream of 

the Mekong River replenishes the Mekong Delta, so the salinity is washed away. salinity is 

reduced (especially in the coastal areas) and the saline boundary is restricted from entering 

the field. 
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Figure 4. The map of the distribution of salinity at stations in the Southern region on March 18–27, 

2022 (Resource: Southern regional hydrometeorological center). 

4. Conclusion 

The article has evaluated the trend of salinity change with a reliable and long enough 

data series of 26 years, from 1997 to the present time 2022 by the Mann–Kendall method and 

estimated Sen trend. It is found that, with the MK–test, there are many extreme values (local 

max, min) that appear to affect the general trend chain at the Mekong Delta salinity 

measurement stations. Out of 12 stations used for calculation, only 5 stations met the standard 

to estimate the Sen trend. However, in general, the trend of increasing salinity occurred in 

8/12 stations and 4 stations tended to decrease according to calculated data. 

The fluctuation of saltwater intrusion mainly depends on two main factors: the upstream 

flow of the Mekong Delta and the tidal regime in the East Sea. Part of the factor affecting the 

upstream flow is the amount of water at the end of the flood season. Kratie station and 

Kompng Luong station (Bien Ho) are considered as two points upstream of the Mekong River 

before pouring into the Red River Delta, which are decisive factors for the regulation of water 

to the Mekong Delta in the dry season. Therefore, to predict changes in saltwater intrusion in 

the future, it is necessary to study and evaluate the overall factors affecting the saltwater 

intrusion process.  
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