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Abstract—Simulation of river flow in coastal areas is a big issue because of lacking data in estuaries and difficulty in tide and sea water calculation. So, it is necessary to use the combination of one-dimensional model for rivers and two-dimensional model for Tam Giang lagoon and the ast sea for simulating and forecasting water level in Huong river system. Among coastal areas in Vietnam, Hue city in general and Huong river system in particular is highly vulnerable to the impacts of sea level rise, heavy rainfall, storms, and tropical depressions because of its location and terrain (relatively flat, only 2–3 meters above sea level, gradually sloping toward the sea with many lagoons). Thus, one-dimensional and two-dimensional models were combined to calculate water level at Kim Long in Huong river and Phu Oc in Bo river. The NSE of the simulation results at Kim Long and Phu Oc obtained 0.6 and 0.63 (in June, 2019) and over 0.85 (in September, 2019), the verification results obtained 0.7 and 0.85 respectively. The results show that the combination of one and two-dimensional model is reliable, stable and could be used for simulating and forecasting water level in Huong river system. 
Keywords—1-2D combination model; Huong river system; water level. 
I. INTRODUCTION
Floods in the central region in general and in Huong River basin in particular are one of the natural disasters that regularly threaten people's lives and weaken socio-economic development in the region especially at low-lying and coastal areas from September to December each year.

There are many methods for flood simulation and forecast: 1D models are often used to describe the flow in rivers, canals, and culverts; while 2D models allow simulating overbank flows, flooding, or velocity distributions on complex surfaces. However, pure 2D models often require detailed data and large computational time.
The 1D-2D combined model was a solution that balances accuracy and computational efficiency, allowing detailed simulation of hydraulic phenomena in the entire basin. In particular, the 1-2D combined hydraulic model such as MIKE FLOOD, HEC-RAS 1-2D stands out with advantages such as overcoming calculation errors due to riverbed topography (important input data directly affecting calculation results), detailing the hydrodynamic regime, and works based on connecting 1-dimensional regions with 2-dimensional regions.

Domestic and foreign studies on the combination of 1-2D hydraulic models to forecast floods are as follows:
Pankaj Mani et al. (2014) used one-dimensional and two-dimensional combined hydrodynamic models to simulate flooding in the North Indian plains, the results showed that the 1-2D model has a clear advantage in reflecting flood propagation and risk assessment over a wide spatial range; Panupong Teekabunya (2017) based on a one-dimensional model (MIKE 11) combined with a two-dimensional model (MIKE 21) simulated floods in the Lumtakong River Basin in Thailand. The combination of the two models helps to accurately simulate the flood propagation process from the river to the plain, especially helpful for basins with transitional terrain between mountains and plains; Tran Hong Thai and colleagues (2019) also used the MIKE model set to simulate flooding downstream of the Vu Gia - Thu Bon River, serving early warning work and regulating reservoir operations during flood season. The study analyzed the relationship between rainfall, reservoir inflow and downstream flooding, thereby proposing optimal operational solutions to minimize flood damage.
The Huong River system has a sloping terrain from the western mountains to the low-lying coastal area. The downstream area (especially Hue city, lagoons and coastlines) does not have a dyke system, so the drainage capacity is poor and lead to deep flood when heavy rains occur combined with high tides. There are many authors have also researched and applied mathematical models to forecast floods in Hue city. Nguyen Thi Viet Lien (2012) built a model to forecast sea water surges and flooding in coastal areas of Hue city, simulated sea water surge scenarios to assist decision-making in disaster mitigation for this area. Nguyen Dinh et al. (2013) applied the HEC-HMS and HEC-RAS models to study flood simulation for the Huong River basin. Nguyen Kim Ngoc Anh and colleagues (2020) assessed flood hazards in Phu Loc district, Hue city by the MIKE FLOOD model (1-2D) to simulate the flow in rivers, canals and water spread in fields, identifying flood area that need to be prioritized for risk reduction. In the context of climate change and increasing extreme rainfall, major floods tend to occur with higher frequency, causing serious economic, social and environmental damage. Although there have been a number of previous studies applying 1D, 2D or combined 1D-2D hydraulic models to the Huong River basin, these studies still have certain limitations, such as narrow simulation scope and not incorporating many types of natural disasters at the same time. Therefore, it is necessary to build a 1-2D MIKE combination model for the Huong River basin to simulate the flood transmission process in detail, assess the flood scope and improve forecasting capability, effectively serving the warning and disaster risk management work in the region.
II. THEORETICAL BASIC

MIKE model set was developed by Danish Hydraulic Institute (DHI) and is used widely worldwide. The theoretical basis of the MIKE hydraulic model is based on solving the Saint-Venant equations (for one-dimensional models), Navier-Stokes (for two-dimensional models) or three-dimensional motion methods (for three-dimensional models). Therefore, this models set has many advantages such as: high synchronization that means we can combine many modules to solve complex problems as combining MIKE 11 - MIKE 21 for connection between rivers and seas; can be applied in many tasks as flood analysis, flood forecasting, saltwater intrusion research, sand and mud transport calculation, water quality assessment and reservoir operation; high flexibility means the models can simulate hydraulic structures such as spillways, culverts, bridges and other elements.

A. MIKE11 hydraulic model
Basing on the one-dimensional Saint-Venant equation including continuity (1) and momentum equation (2) used to describe the flow in river and canal systems [5].
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Where:

	· Q discharge;

· A flow area;

· q lateral inflow;

· g is gravity;
	· h stage above datum;

· C chezy resistance coefficient;

· R hydraulic or resistance radius.


B. MIKE21 hydraulic model

MIKE 21 model calculates two-dimensional free surface flows, which are applied to simulate hydraulics in lakes, estuaries, bays, coastal areas and seas. This model is developed from the finite element mesh method based on the Navier-Stokes equations for two-dimensional incompressible fluids including: continuity and two-dimensional/three-dimensional momentum equation, heat and salt transfer equations. The continuity equation (3) is as follows [6]:
                          (3)  
The momentum equations in terms of x (4) and y (5) are as follows:
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         (5)

Where:

· Fv, Fu Coriolis force

· t time

· x, y, z Cartesians coordinates

· u, v, w flow velocity components

· Ĥ source term due to heat exchange with atmosphere

· S magnitude of discharge due to point sources
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 temperature and salinity sources
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 Horizontal diffusion terms
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 vertical turbulence (eddy) diffusion coefficient

· h depth
C. MIKE 1-2D combination

There are three different types of MIKE 11 and MIKE 21 hydrodynamic model connections:

· Lateral links are used to couple the 1D channel model with the 2D overland flow model by establishing a connection line along the left and/or right bank of the channel - effectively defining the location across which the two models can exchange. Each lateral link line has a chainage corresponding to the chainage of the branch to which it is connected. This chainage is then used to determine which 2D model grid cells/mesh elements are compared to which water level nodes in the 1D model in order to determine the direction in which the flow is being exchanged (i.e. is water from the 1D channel flooding the 2D model domain, or is water from the 2D model flow into the 1D channel);
· Standard Links are used to couple the ends of the 1D channel model to the 2D overland flow model by establishing a line along the furthest upstream and/or downstream cross-section location across which flow can be exchanged between the two models. The 2D model grid cells / mesh elements intersecting the Standard Link line will be able to exchange flow with the 1D model according to the discharge in the 1D model and the average water level of the coupled grid cells/mesh elements in the 2D model. Unlike the Lateral Links, momentum transfer between the 1D and 2D models can be preserved using a standard Link. The Standard Link is often used to couple a 1D river channel to 2D open water body, or to facilitate representation of a long, buried culvert in a 2D model, or drainage of a stormwater management pond into a creek;

· Structure Links are only available with MIKE 21 HD Classic. The Structure Link takes the implicit
terms describing momentum through a 3 points (H-q-H) MIKE 1D branch and uses them to replace
or modify the implicit terms describing momentum across the face of a MIKE 21 cell. In this way,
the flow properties from one MIKE 21 cell to another are modified to represent a structure. The
Structure Link is primarily there for legacy reasons as it was developed prior to structures being
directly supported in MIKE 21. However, modern versions of MIKE 21 support the description of
structures directly in the MIKE 21 grid or mesh.

III. DATA COLLECTION AND MODELS SETUP
After defining the study area, selecting the spatial –temporal simulation range, and determining the input datasets, this section further presents the specific configuration parameters and model structure used in the study.
D. Data collection

· Topographic data:

· Cross-sections: The total number of cross-sections on the Huong River system is 157, with 22 river branches and 11 confluences. Specifically: 5 cross-sections on Huu Trach River; 12 cross-sections on Ta Trach River; 33 cross-sections on Huong River; 10 cross-sections on An Cuu River; 17 cross-sections on Dap Da River; 16 cross-sections on Dai Giang River; 10 cross-sections on Dien Truong River; 7 cross-sections on Bach Yen River; Hue (11 cross-sections); 19 cross-sections on Bo River and 6 cross-sections on Quan Cua River;

· Topographic data of the seabed in Tam Giang lagoon and the East Sea at a scale of 1/100,000 in Hue city;

· DEM topographic data on the ground with a resolution of 5m x 5m in in Hue city;

· Digital elevation model DEM taken from JAXA's Global ALOS 3D World, Japan Aerospace Exploration Agency with resolution of 30 x 30 m in 2022 [13].

· Hydrometeorological data:

· Observed discharge at Huong Dien hydropower reservoir on Bo river; Binh Dien hydropower on Huu Trach river and Ta Trach hydropower on Ta Trach river.

· The sub-discharge on the basins is taken from the results of a study by the group [50 years of flooding in Hue].

· Observed water level data at Kim Long and Phu Oc stations.

· Water level at offshore boundary for 2D MIKE model is taken from the TPXO7.2 global tidal constant set.

E. Model setup
In this paper, the authors have established a 1D hydraulic MIKE model on the Huong River system from the hydroelectric reservoirs to the Tam Giang - Cau Hai lagoon (figure 1). The upper boundary includes the outlets of Huong Dien, Binh Dien and Ta Trach hydroelectric reservoirs. The lower boundaries are 05 connecting points between 1D and 2D model at the branches: Huong, Dai Giang, Dien Truong, Quan Cua and An Xuan river
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Fig 1. 1D hydraulic network diagram of the Huong River system
The 2D calculation area includes the Tam Giang - Cau Hai lagoon and its surrounding sea, 100 km long from Cua Viet (Quang Tri) province to Chan May cape (Hue city) and over 50 km wide from Thuan An and Tu Hien estuaries to the sea (its water depth is over 70 m). This 2D area is divided into 8 sub-areas with different mesh sizes depending on the terrain of each area (offshore is divided with a large mesh size of 500 m x 500 m, the lagoon area and especially at Thuan An and Tu Hien estuaries, the mesh size is finely divided into 10 m x 10 m) with a total of 128,116 mesh cells, 253,519 triangles as shown in Figure 2.
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Fig 2. 2D calculation grid
The 2D lagoon area is connected to the five branches of the 1D model as figure 3.
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Fig 3. 1-2D Connection Diagram
IV. RESULTS AND DISCUSSION
Based on collected data and typical patterns of floods in 2019 and 2020, the authors calibrated the model with two floods in June and September 2019 and verified the model with the flood in November 2019.
Table 1. Floods used for model calibration and validation

	Scenario
	Time

	Calibration
	June, 2019

	
	September, 2019

	Verification
	November, 2019


Figures 4 – 9 are calibration and verification results for the above scenarios.
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Fig 4. Calibration results for the June 2019 flood at Phu Oc station
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Fig 5. Calibration results for the June 2019 flood at Kim Long station
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Fig 6. Calibration results for the September 2019 flood at Phu Oc station
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Fig 7. Calibration results for the September 2019 flood at Kim Long station
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Fig 8. Verification results for the June 2019 flood at Phu Oc station

[image: image43.jpg]e KimLong_Obs.

- - KimLong Cal

080

0.60

040

020

0.00
28102019  0V1V2019

V2019 09112019 13112019




Fig 9. Verification results for the June 2019 flood at Kim Long station


To evaluate the calculation results, the authors used the NSE efficiency index to compare observed data and calculated results.
	Flood
	NSE

	June, 2019
	0.64

	September, 2019
	0.91

	November, 2019
	0.86


Comments: In general, the calibration and verification results of 1-2D combination model at Kim Long and Phu Oc stations were quite good. Only the NSE coefficient of the flood in June 2019 was rather good at both because this was just a small flood and the outlets of hydroelectric reservoir are small, too. So, they are not much impact than the underground flow of the hydrological basin (with the no-rain pattern, the underground flow in the hydrological model is taken as a constant per month). That why the calculation results did not match the observed value. In the September 2019 and November 2019 floods (rain pattern and large hydropower outlet discharge) the NSE indexes were good and the shape of the calculated and observed flood process were quite similar in phase and magnitude.
V. CONCLUSION

The study used Mike Flood software to establish a 1-2D combination model to calculate hydrodynamic characteristics in the Huong River basin, including a 1D hydraulic model for the river system with 154 cross-sections, a 2D hydraulic model for the coastal area and the Tam Giang - Cau Hai lagoon area. The model was calibrated and verified with 03 floods in 2019. The NSE indexes, assessing the correlation between the observed and calculated water level series at Kim Long and Phu Oc stations, were quite good. The results show that the established model is reliable enough to be applied to the Huong River system basin. However, the flood in Huong river basin rises and overflows the river banks very quickly lead to inundate the low-lying areas. Therefore, the 1D hydraulic model needs to be expanded to calculate the water storage cells connected along the river system or calculate 2D for the entire basin to be able to simulate better when flooding occurs in order to provide important information for managers in disaster mitigation and regional development planning.
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