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Abstract: Researches on combinion of hydrological and hydrodynamic models are very 

important when performing risk assessment and disaster management, including saline 

intrusion, which is especially important for watersheds, with limited measurement data. The 

objective of this study is linking two types of hydrological and hydrodynamic models to 

simulate the scope of salinity intrusion in the Ve estuary, Quang Ngai province. Firstly, 

SWAT/NAM is applied to calculate flow rate, and then MIKE 21/3 model is applied for 

hydraulic and salt intrusion simulation. The calibration and validation are also done to show 

that the acceptable reliability of simulation. Simulation result showed that salinity intrusion 

depends on water discharge, water level, tidal regime according to dry and wet seasons; the 

longest distance of saline intrusion from the rivermouth is 5.47 km, occurring in the dry 

season.  
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1. Introduction  

The development and use of hydrological models has attracted increasing attention in 

the past two decades [1], and the combination of hydrological and hydrodynamic models has 

demonstrated is an important tool for the integrated assessment of hydrological processes in 

basins where measurements are very expensive [2]. Such a combination helps to solve many 

problems in the area including saline intrusion in the estuary. The hydrological model helps 

to calculate the discharge of rivers ï one of the important factors to simulate the flow [3ï4], 

thereby assessing the scope of salinity intrusion as well as the problems of flooding, bank 

erosion ï which are very typical for many regions bordering the sea [5ï6]. 

With a coastline stretching over 3260 km, along with many socioïeconomic activities, 

the coastal zone of Vietnam is a special important one; and saltwater intrusion has always 

been the subject of national studies [7ï22]. In particular, saltwater intrusion in the Mekong 

Delta is selected in many national researches, projects and programs [23ï26] . However, 

research on saltwater intrusion in the central coastal region is still quite modest in terms of 

quantity and results [8, 16, 18]. Although there have been studies done, however, when 

applied to the local scale it is necessary to concretize the dependence as  the scope of salinity 

intrusion on the such factors as upstream discharge, the downstream water level, and the tidal 

regime. Accurate salinity intrusion forecasting plays a huge role in proactive agroïfishery 

and land use planning in coastal economic zones, especially in the current climate change 

situation [7]. Saltwater intrusion prediction would be difficult to do without calculating the 

water flow entering the river, leading to the need for the application of suitable hydrological 
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models. This shows that the linkage of hydrological ï hydrodynamic models play an 

important role in calculating and predicting saline intrusion [25]. 

The study selects a typical river in Quang Ngai province as a research case study, 

following published articles [27ï29]. The hydrological coupled models SWAT/NAM 

combined with the MIKE21 HD to determine the set of hydrological and hydraulic 

parameters for the Ve river basin was performed [27]. [28] has initially applied a set of 

hydrological parameters to calculate discharge for the hydraulic model and used it to simulate 

saline intrusion from the sea to the river. [29] helps to answer the question of how the  salinity 

intrusion mechanism depending on water discharge, water level, seasons have not been 

shown. In the mentioned articles, the scope of salinity intrusion depending on water 

discharge, water level, seasonal regimes have not been shown. In this study, the combination 

of SWAT/NAM coupled hydrological models and MIKE 21/3 HD, AD hydrodynamic 

models was clarified with the result of determining the scope of salinity intrusion for Ve 

river. In addition, a number of arguments have been made to argue the dependence of salinity 

intrusion on the factors of discharge, tidal regime, and flow by 2ïD models. The results of 

this study complement previous studies [28ï30]. 

2. Methods and materials 

2.1. The study area 

 

Figure 1. Focus area of the study Ve River basin. 
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Ve River is one of the largest river systems in Quang Ngai province, covering an area of 

1,263 km2, accounting for 24.51% of the natural area of this province [27]. The study [30], 

although it mentioned saline intrusion in the Tra KhucïVe river basin system, used a 1D 

hydrodynamic model combined to assess the intrusion salinity in the downstream of Tra 

KhucïVe river system. However, the scope of this study focuses on the Tra Khuc River, not 

mentioning the Ve River. But, research specifically for the Ve River part, in the last 2 years, 

has been the subject of some studies [27ï29], in which the combination of hydrological and 

hydrodynamic models has been systematically done. 

 

Figure 2. (A), (B) The  3 crossïsectional positions MC0, MC3, MC4 measured water level and 

salinity; (C) The grid domain D1 includes 4 vertices 1, 2, 3, 4 including marine station Tam Quan, 

Binh Dinh;  The grid domain D2 with 5 peaks A, B, C, D, E was selected to simulate HD and saline 

intrusion AD, the four measurement stations are shown: meteorology (Quang Ngai, Ba To), discharge 

(An Chi), water level (Song Ve). 

2.2. Hydrological models 

To build hydrodynamic scenarios, hydrological models are often used, which involve 

the use of mathematical modelling techniques of rainfallïrunnoff processes in the basins [4, 

31]. Analysis of the advantages and disadvantages of these models was carried out in a series 

of studies [4, 32ï33]. For subïbasin division, SWAT is used, input data for the SWAT model 

includes ASTER digital elevation model data (ASTGTM) with spatial resolution of 30 m, 

river Ve shapefile (line) and a raster mask layer within Quang Ngai province with 48N UTM 

coordinate system. Select a flow direction division area of 6838 ha with 72830 cells (default 

value from SWAT model). An Chi station is added to ArcSWAT using the tool to create an 

outlet at An Chi station location (Figures 1ï2). Thus, using NAM, the discharge data 

extracted at the outlet of An Chi station will be compared with the actual measured data. In 

this study, rainfall, temperature, wind, and solar radiation data at Quang Ngai station were 

used to generate evaporation data. Together with the results of subïbasin division, this dataset 

is included in NAM to calibrate the set of hydrological parameters for the basin. The set of 
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measured discharge at An Chi is used for the calibration, verification steps.  The linking 

between SWAT and NAM is shown in Figure 3. The results of calibration of the hydrological 

parameter set for the study basin reflected in the work [27]. To perform the calibration, first, 

from the initial set of parameters, NAM performs automatic calibration by the gradual trial 

method to increase the accuracy to a stable level with the allowed error based on the statistical 

indicators [34].  

2.3. MIKE 21/3 

The MIKE software package ï a product of the Danish Hydraulic Institute ï DHI Water 

& Environment, with modules such as MIKE 11, MIKE 21, MIKE3 HD, AD, ST, MT, SW 

is used to simulate the oneïdimensional, twoïdimensional, threeïdimensional hydrodynamic 

processes, the transport and diffusion of dissolved and suspended substances, sediments; 

propagation of ocean waves, calculation of alluvial sediments in estuaries and coastal areas. 

Research on the application of MIKE to simulate saline intrusion has been carried out in 

many studies [7, 10, 17, 21ï22]. 2D governing equations and numerical solution of MIKE 

21 models (HD and AD) are presented in detail in [35, 37].  

2.4. Data 

2.4.1. Bathymetry 

The MIKE 21 HD running data in this study was divided into 2 groups. The first related 

to the coastal area was collected, processed and transferred into the module [27ï29], the 

second group related to the mainland and estuary includes: real data measured 19 crossï

sections measured, inherited from the previous project. The section of the Ve River 

considered in this study is limited from the upper reaches of the river to the mouth of the Lo 

mouth and is 21.47 km long (Figure 1). 

2.4.2. Tital factors  

Song Ve is influenced by the East Sea with a semiïdiurnal tidal regime with 4 main tidal 

components: M2 = 20h, S2 = 10h, O1 = 30, K1 = 30h, are used to analyze the tidal wave 

harmonic function to create tidal boundary for the model [29, 38]. This set of parameters 

plays an important role in the MIKE 21/3 HD and AD modules.  

2.4.3. Hydrometeological data 

The MIKE 21/3 FM runs for coastal waters requiring hourly data including wind speed 

and direction. In this study, the Weather Research and Forecasting (WRF) model was used 

for hourly extraction [29]. [27, 29] show that in July 2018, the average daily discharge is the 

lowest, and December 2018 has the highest average daily discharge. Besides, in this study, 

the measured meteorological data at Ba To and Quang Ngai stations, discharge measurement 

data at An Chi, and water level measurement at Song Ve stations are used. These datasets are 

used to calibrate NAM hydrological models and hydraulic models. The steps to apply these 

datasets are shown in Figure 3. 

2.3.4. Actual measuring data for water and salinity levels 

Within the framework of the thesis, field measurements were carried out with the 

following equipment: Acoustic Doppler Current Profiler (ADCP); NA2 Leica hydrometer, 

LEICA (TC805), echo sounder HONDEX PSï7; salinity meter; terrain mia; handheld GPS 

unit; compass. Hydrological factors were recorded from 0:00 on October 7, to 23h on October 

8, 2018 and measured crossïsection and elevation conduction from October 9ï10, 2018. 

Simultaneously with measuring the water level, the salinity factor was also sampled and 

measured in a 24ïhour mode from 0:00 on October 7 to 11 p.m. on October 8, 2018 at all 3 
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crossïsections: section 0, cross section 3 and section 4 [29]. Measurement of water flow by 

ADCP is performed at 3 crossïsections according to 24/24 mode from 0:00 on October 7 to 

23:00 on October 8, 2018. This set of measured salinity data is used to calibrate the AD 

model.  

2.5. Procedural steps 

In the study [27], the hydrological ï hydrodynamic package SWAT/NAM/MIKE was 

used to build a set of hydrological and hydraulic parameters for flow calculations. 

 

Figure 3. Linking hydrological and hydraulic models to simulate saline intrusion. 

The contents and implementation sequence are shown in Figure 3, as follows: first, 

SWAT is used to divide the basin, determine the outlet as well as create the evaporation, 

precipitation dataset for NAM. The set of actual discharge measurements at An Chi is used 

for calibration and validation, the result of the step is the set of calibrated hydrological 

parameters. The second stepïperforming calibration and testing of the hydraulic module for 

the Ve River, using the discharge boundary created by NAM. Measured data of water level 

at the Ve station is used (Figure 3). The salinity data measured at MC0, MC3, MC4 crossï


