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Abstract: The nonlinear kinematic wave model is developed from the Saint Venant system 

of equations, which includes a nonlinear kinematic wave program that solves the system of 

equations by Newton's iterative method and a linear kinematic wave program for 

calculations initial flow value. The developed model is tested with sample problems and 

compared with the simulation results by Mike 11 model on Tra Khuc river. Evaluating the 

simulation results of these two models show that, the simulation results of the Mike 11 

model are better than the kinematic wave model, not significantly in the upstream and 

midstream flow, but significantly in the downstream flow of the Tra Khuc river. The 

simultaneous results show that the 1−dimensional kinetic wave model has sufficient 

reliability and applicability. 

Keywords: Mike 11 model; Kinematic Wave Model; Tra Khuc River. 

 

1. Introduction 

Flow analysis models play an important role in simulation and forecasting of river flow, 

so it is formed very early. Simple models such as SSARR, which uses the method of reserves 

of river sections, or Muskingum model which simulates the displacement of flood waves on 

a linear channel, do not simulate the motion of the flow. More general research from Cunge 

(1969), where the discrete Muskingum equation is considered to be a finite difference 

approximation of the kinematic wave model. Therefore, the Muskingum–Cunge model is a 

kinematic wave approximation model [1].  

Hydraulic models are widely used and are quite popular today. Depending on the 

difference method and assumptions, there are different hydraulic models, such as: MIKE 11, 

HEC-RAS, KOD1, VRSAP, ISIS-1D, HydroGIS, MK4, QUAL2-E, HEC 6, IMECH-1D, 

DUFLOW. The dynamic wave model has a wide range of applications on tidal and non-tidal 

affected rivers, with good simulation quality. However, this type of model uses the river 

cross-section as the input, so it cannot be applied on the river section without cross-section, 

while lack of cross-section is quite common in upstream rivers. Therefore, the application of 

models capable of simulating physical nature of flow but not requiring cross-sectional data 

is essential. To overcome the above problem, kinematic wave model is studied and applied; 
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in which, some simulation components are reduced compared to the dynamic wave model, 

but do not use cross-sectional data. The kinematic wave model is based on a simplified form 

of Saint Venant’s equations [2], a dynamic wave approximation [4], which simulates the 

process of flood propagation in rivers due to changes in discharge or water level. In addition, 

the simulation principle of the kinematic wave model is that the flow is generated from the 

slope, so it is suitable for mountainous rivers and streams, where commonly lack of cross-

sectional data. 

In theory, the kinematic wave model is simpler, requires less data, so the application 

scope and simulation quality are lower than the dynamic wave model. However, this issue 

needs to be verified in practice. There are many dynamic wave models today, but Mike 11 is 

the most commonly used. Therefore, this research evaluates the simulation ability of the 

kinematic wave model and the Mike 11 model. 

Kinematic wave model is proposed by [3] and developed by a number of later researches, 

which is applied to simulate flow in canals and rivers [4–8]. The one-dimensional model in 

the river is later studied by [9] for riverbanks with different types of cross-sectional shapes. 

Nwaogazie (1978) developes a nonlinear one-dimensional model by Newton's method 

Raphson [10], [11] builds the model in the channel by solving finite difference. Before, the 

kinematic wave model is developed by many researchers to simulate flow on slopes such as: 

[12, 13] calculates the peak transmission time between hydrological stations, while Morel 

[14] builds a model combining hydraulics and statistics. In addition, the kinematic wave 

model is also used in the Mike-11, HEC-1 model to be used for rivers without cross-sectional 

data. However, these models only simulate a river tributary, using the matrix method to solve 

the problem. In Vietnam, the one-dimensional model on the slope has been used by [15] to 

simulate the slope flow in the KW1D model. 

The river section applied to evaluate the simulation ability of the kinematic wave model 

and Mike 11 model is Tra Khuc river, Quang Ngai province. This is a large river basin of the 

province, where rain and flood events are very complicated. Especially, the river basin is near 

Ba To - a heavy rain center of the country, so floods occur harshly. The climatic changes 

make the flow characteristics in the river basin become complicated. In the dry season of 

2015, while the central region, including the Tra Khuc river basin, deals with a severe drought 

and lack of water, an unusual flood occurs suddenly on March 27. This flood isolates more 

than 400 households with 1,000 people and submerges 100 hectares of watermelons in water. 

The flood in November 2009 kills 26 people, injures 6 people, destroys 10,430 houses, and 

causes total damage of 47.66 billion VND. After that, the flood in December 2009 makes 41 

people died, 11 people missing, 21 people injured, with a total loss of 200 billion VND. The 

historic flood in November 2013 kills 40 people, hundreds of houses are washed away, and 

damage is estimated at 179 billion VND. The extremes of the flow, the fierce nature of rain 

and floods occur with more frequency, greater intensity and more complex development, 

requiring more advanced forecasting work. Therefore, it is necessary to study and apply new 

models and technologies for flood forecasting and water resources calculation on Tra Khuc 

river. 

2. Materials and methods 

2.1. Developed model 

The Saint Venant equation has many different simplifications, each of them defines a 

one-dimensionally distributed unstable flow simulation model. Continuity equation, 

conservative momentum equation and non-conservative momentum equation neglecting 

lateral currents, wind resistance, and eddy losses are used to define different types of models 

for one-dimensionally distributed unstable flow [2, 3−9]. 

The equation of momentum includes the components of the physical processes that 

control the flow of momentum. These components are: the local acceleration component 
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which describes the change in momentum due to the change of velocity with time; the 

convective acceleration component which describes the change in momentum caused by the 

change in velocity along the channel; the pressure component which is proportional to the 

change in water depth along the channel; the gravity component which is proportional to the 

bottom slope S0; and the friction component which is proportional to the friction gradient Sf. 

The components of local acceleration and convective acceleration represent the effects of 

inertial forces on the flow [1−2, 16−18]. 

+ Continuity equation: 

∂Q

∂x
+

∂A

∂t
= 0 (1) 

+ Momentum equation [1]: 

1

A

∂Q

∂t
+

1

A

∂

∂x
(

Q2

A
) + g

∂y

∂x
− g(So − Sf) = 0  (2) 

Kinematic waves dominate the flow when the forces of inertia and pressure is neglected. 

In kinematic waves, the forces of friction and gravity are balanced, so the water flow has no 

acceleration. Therefore, the energy line is parallel to the bottom of the channel and the flow 

in an elemental segment is a steady stream (because S0 = Sf). 

Kinematic waves are caused by changes in flow such as changes in water flow or wave 

speed which is the changing velocity along the channel. The wave speed depends on the type 

of wave and it can be completely different from the water velocity. For kinematic waves, the 

acceleration and pressure components in the momentum equation have been neglected, so 

the wave motion is described mainly by the continuity equation. That is why it is called 

kinematic wave, because kinematics studies motion in which the influence of mass and force 

is not taken into account. The kinematic wave model is determined by the following 

equations [23−26]: 

+ Continuity equation: 
∂Q

∂x
+

∂A

∂t
= q (3) 

+ Momentum equation: 

So = Sf           (4) 

A = αQβ     (5) 

In the Manning equation, So = Sf và R=A/P, therefore: 

Q =
1.49So

1/2

nP2/3
A5/3       (6) 

Rewrite equation (6) for A, from which to find α and β = 0.6 as follows [1]: 

A = (
nP2/3

1.49√So

)

3/5

Q3/5 (7) 

A = (
nP2/3

1.49√So

)

0.6

 (8) 

Equation (1) depends only on A and Q, where A is defined in equation (5). The partial 

derivative of equation (5) of variables A and Q with respect to t and then substituting into 

equation (1) to get equation (9). Substitute equation (9) into equation (3) to get equation (10). 

Equation (10) is converted into difference form diagrammatically linear according to 

equation (17), and diagrammatically nonlinear according to equation (22). 
∂A

∂t
=  αβQβ−1 (

∂Q

∂t
) (9) 

∂Q

∂x
+ αβQβ−1 (

∂Q

∂t
) =   q (10) 
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2.3. Developing a 1D kinematic wave model 

The model is developed on Fortran 90 programming language and consists of two main 

parts: linear and nonlinear kinematic wave model. In which the linear model is used as the 

first solution of the nonlinear model. The linear model is solved by the hidden difference 

diagram, the nonlinear model is solved by the Newton iterative method [2]. 

2.3.1. Linear kinematic wave diagramD setup  

Apply the hidden difference diagram [1−2]: 

∂ui+1
j+1

∂x
=  

ui+1
j+1

− ui
j+1

∆x
 (11) 

∂ui+1
j+1

∂t
=  

ui+1
j+1

− ui+1
j

∆t
 (12) 

 
∂Qi+1

j+1

∂x
≈

Qi+1
j+1

− Qi
j+1

∆x
 (13) 

∂Qi+1
j+1

∂t
≈  

Qi+1
j+1

− Qi+1
j

∆t
 (14) 

Q ≈
Qi

j+1
+ Qi+1

j

2
 (15) 

q ≈
qi+1

j+1
+ qi+1

j

2
 (16)  

Substituting the equations from (13) to (16) into the equation (10) to get the linear 

kinematic wave difference equation and the hidden plot as shown in Figure 1 [1−2]: 

Qi+1
j+1

− Qi
j+1

∆x
+ αβ (

Qi+1
j

+ Qi
j+1

2
)

β−1

(
Qi+1

j+1
− Qi+1

j

∆t
) =

qi+1
j+1

+ qi+1
j

2
 (17) 

Qi+1
j+1

=

[
∆t
∆x

Qi
j+1

+ αβQi+1
j

(
Qi+1

j
+ Qj

i+1

2
)

β−1

+ ∆t (
qi+1

j+1
+ qi+1

j

2
)]

[
∆t
∆x

+ αβ (
Qi+1

j
+ Qi

j+1

2
)

β−1

]

  (18) 

 

Figure 1. Hidden difference diagram solving linear kinematic wave equation. 
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Figure 2. Linear kinematic wave calculation block diagram. 

2.3.2. Nonlinear kinematic wave diagram   

Equation (10) is transformed into the difference equation [1−2]: 

Qi+1
j+1

− Qi
j+1

∆x
+

Ai+1
j+1

− Ai+1
j

∆t
=

qi+1
j+1

+ qi+1
j

2
 (19) 

Ai+1
j+1

=  α(Qi+1
j+1

)
β
 (20) 

Ai+1
j

=  α(Qi+1
j

)
β
 (21) 

Substituting equations (20) and (21) into (19): 

∆t

∆x
Qi+1

j+1
+ α(Qi+1

j+1
)

β
=  

∆t

∆x
Qi

j+1
+ α(Qi+1

j
)

β
+ ∆t (

qi+1
j+1

+ qi+1
j

2
) (22) 

This equation is sorted so that the unknown flow Qi+1j+1 is on the left-hand side and 

the other known quantities are on the right-hand side. This is a nonlinear equation for Qi+1j+1 

so it needs to be solved numerically. The block diagram below applies Newton's iterative 

method. The linear model which is developed into the nonlinear model is represented in the 

initial estimation block using the linear estimator 20 as shown below in Figure 3. 
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Figure 3. Block diagram for calculating nonlinear kinematic waves. 

C =  
∆t

∆x
Qi

j+1
+ α(Qi+1

j
)

β
+ ∆t (

qi+1
j+1

+ qi+1
j

2
)    (23) 

Then a residual error f(Qi+1j+1) is determined by equation (22). 

f(Qi+1
j+1

) =
∆t

∆x
Qi+1

j+1
+ α(Qi+1

j+1
)

β
− C   (24) 

The first derivative of f(Qi+1j+1) is as follows: 

𝑓′(𝑄𝑖+1
𝑗+1

) =
∆𝑡

∆𝑥
+ 𝛼𝛽(𝑄𝑖+1

𝑗+1
)

𝛽−1
 (25) 

The goal is to find Qi+1j+1 to force f(Qi+1j+1) to zero. Using Newton's iterative method 

and the iteration steps k = 1, 2, 3, ... 

(𝑄𝑖+1
𝑗+1

)
𝑘+1

= (𝑄𝑖+1
𝑗+1

)
𝑘

−
𝑓(𝑄𝑖+1

𝑗+1
)

𝑘

𝑓′(𝑄𝑖+1
𝑗+1

)
𝑘

 (26) 

The convergence criterion for the iterative process is: 

|𝑓(𝑄𝑖+1
𝑗+1

)
𝑘+1

| ≤ 𝜀 (27) 

Estimating the initial value of Qi+1j+1 in each iteration has an important influence on 

the convergence of the diagram. One approach is to use the solution of the linear diagram, 
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Equation (18) as the first approximation of the nonlinear diagram. Li Simons and Stevens 

(1975) [1], after conducting stability analysis, showed that the diagram using equation (22) 

is an unconditional stability scheme and can use values of Δt/Δx over a fairly wide range 

without creating large errors in the shape of the discharge process curve. 

The model after programming is tested with data in example 9.6.1 in the Applied 

Hydrology textbook by Vente Chow [1]. The results of the model coincide with the 

calculation results of the above example, the calculated correlation is shown in Figure 4. 

 

Figure 4. Correlation of results calculated by program and by Vente Chow. 

3. Results and discusion 

3.1. Models set up for flow simulation on Tra Khuc river 

Input data for the Mike 11 and kinematic wave models are taken at the Son Giang 

hydrological station. The joining boundaries of the To, Son Thanh, Tam Rao, Ham Giang 

rivers; the position of the boundaries is shown in the model hydraulic diagram Mike 11 

(Figures 6 and 8). The study uses floods that occurred from November 22 to 27, 2011 and 

from September 13 to 15, 2013 in the Tra Khuc river basin. 

 

Figure 5. Discharge of Son Giang hydrological station from November 22 to 27, 2011. 
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Figure 6. Entry discharge from November 22 to 27, 2011. 

 

Figure 7. Discharge of Son Giang hydrological station from September 13 to 15, 2013. 
 

 

Figure 8. Discharge of Son Giang hydrological station from September 13 to 15, 2013. 
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3.2. One−dimensional kinematic wave model 

The nonlinear one−dimensional kinematic wave model, after developing, is simulated 

and tested for flow on the Tra Khuc river from the Son Giang hydrological station to the 

outlet. The initial conditions are determined as follows: the width of the river sections is from 

400 to 2200m, the slope of the river sections is from 1 to 5% and is calculated from the 

cross−sectional data. The hydraulic network is the same as the data in the Mike 11 model set 

up below, with a river length of 67,030m, 718 nodes, the simulation time step of 30 seconds, 

the input flow process at Son Giang station is shown in Figures 5 and 7, the Manning 

roughness coefficient for Tra Khuc River is from 0.032−0.037. The amount of accession to 

the middle zone at the tributaries of To, Son Thanh, Tam Rao and Ham Giang rivers is 

zoomed in proportion to the area with the Son Giang hydrological station shown in Figures 

6 and 8. 

The Nash indicator of the simulation results of the nonlinear one−dimensional dynamic 

wave model using at Tra Khuc hydrological station for the flood occurring from November 

22 to 27, 2011 is 0.89. The similar simulation is implemented to the flood that occurred from 

13 to 15 September 2013 which brings the Nash indicator of 0.85. 

 

Figure 9. Observed and simulated discharge by kinematic wave model at Tra Khuc hydrological 

station during the flood from November 22 to 27, 2011. 

 

Figure 10. Observed and simulated discharge by kinematic wave model at Tra Khuc hydrological 

station during the flood from 13 to 15 September 2013. 
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3.3. Mike 11 model establishment 

The river network is digitized from a map of 1/10,000 scale, using the Quang Ngai 

reference system with 108-degree zone 3 and then updating this reference system into the 

Mike 11 model. Updating 68 national standard elevation cross-sections from the Son Giang 

hydrological station to the sea mouth. The upper boundary is the discharge process curve at 

Son Giang which is shown in Figures 5 and 7, the lower boundary is the tidal water level 

process line. Joining the middle zone includes 4 tributaries of rivers and streams whose 

discharge process lines are shown in Figures 6 and 8. Manning roughness coefficients of 

sections on Tra Khuc river are determined as the Kinematic wave model established above, 

with values of river bed and banks from 0.032−0.037. 

 

Figure 11. Hydraulic diagram at downstream of Tra Khuc river in Mike 11 model. 

 

Figure 12. Cross section of Tra Khuc river downstream in Mike 11 model. 

The tidal level is used as the lower boundary for the Mike 11 model, there is no tidal 

station at the outlet of Tra Khuc River, so the tidal boundary is determined by the tidal 

calculator in the Mike 21 Toolbox. The set of tidal parameters is taken from the parameter 

map of DHI with a resolution of 0.25o × 0.25o. The tidal water level at the mouth of Tra Khuc 

river is calculated at 15.15oN and 108.94oE, the parameters are shown in the figure 13 [3]. 

 

Figure 13. Tide model parameter set. 
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Figure 14. Observed and simulated discharge by Mike 11 model at Tra Khuc hydrological station 

during the flood from November 22 to 27, 2013. 

 

Figure 15. Observed and simulated discharge by Mike 11 model at Tra Khuc hydrological station 

during the flood from September 13 to 15, 2013. 

The Mike 11 simulation results shows that the Nash indicator at Tra Khuc hydrological 

station for the flood occurring from November 22 to 27, 2011 is 0.92. Similarly, the Mike 11 

simulation for the flood occurring from September 13 to 15, 2013 shows the Nash indicator 

of 0.88. 

4. Conclusions 

- The dynamic wave models has a wider simulation scope than the kinematic wave 

models but needs the cross-sectional data; therefore, applicability is limited in the absence of 

cross-sectional data. 

- The simulation quality of the dynamic wave model is not much higher than that of the 

kinematic wave model in the upstream and middle flow where the lack of cross-sectional 

data is very common. Therefore, the Kinematic wave model is more likely to be applicable 

in mountainous rivers. 

- The kinematic wave model does not use the lower boundary, so it is more suitable for 

forecasting than the dynamic wave model. 

0

500

1000

1500

2000

2500

1
h
/2

2

6
h
/2

2

1
1
h

/2
2

1
6
h

/2
2

2
1
h

/2
2

2
h
/2

3

7
h
/2

3

1
2
h

/2
3

1
7
h

/2
3

2
2
h

/2
3

3
h
/2

4

8
h
/2

4

1
3
h

/2
4

1
8
h

/2
4

2
3
h

/2
4

4
h
/2

5

9
h
/2

5

1
4
h

/2
5

1
9
h

/2
5

2
4
h

/2
5

5
h
/2

6

1
0
h

/2
6

1
5
h

/2
6

2
0
h

/2
6

1
h
/2

7

6
h
/2

7

1
1
h

/2
7

1
6
h

/2
7

Observed Simulated

Q(m3/s)

Time (h)

0

200

400

600

800

1000

1200

1400

1600

1800

1
h
/1

3

4
h
/1

3

7
h
/1

3

1
0
h

/1
3

1
3
h

/1
3

1
6
h

/1
3

1
9
h

/1
3

2
2
h

/1
3

1
h
/1

4

4
h
/1

4

7
h
/1

4

1
0
h

/1
4

1
3
h

/1
4

1
6
h

/1
4

1
9
h

/1
4

2
2
h

/1
4

1
h
/1

5

4
h
/1

5

7
h
/1

5

1
0
h

/1
5

1
3
h

/1
5

1
6
h

/1
5

1
9
h

/1
5

2
2
h

/1
5

1
h
/1

6

Observed Simulated

Q(m3/s)

Time (h)



VN J. Hydrometeorol. 2022, 13, 105-117; doi:10.36335/VNJHM.2022(13).105-117                           116 

Author contribution statement: Constructing research idea: B.V.C., C.T.Van.; Select 

research methods: B.V.C., C.T.Viet., V.T.V.A., C.T.Van, T.D.D.; Take sample and sample 

analysis, data processing: N.H.T., N.H.A., C.T.Viet., T.D.D, V.T.V.A.; Writing original draft 

preparation: T.D.D, C.T.Van., B.V.C.; Writing review and editing: C.T.Van., V.T.V.A. 

Competing interest statement: The authors declare that this article was the work of the 

authors, has not been published elsewhere, has not been copied from previous research; there 

was no conflict of interest within the author group. 

References 

1. Chanh, B.V.; Anh, T.N.; Huấn, N.Q.; Hoan, N.T. Testing the integration of Tank 

model and One-dimensional dynamic wave for medium-term hydrological 

forecasting in Ba river basin. VN J. HydroMeteorol. 2021, 722, 38−48. 

2. Chanh, B.V.; Anh, T.N.; Anh, L.T. Development of nonlinear one-dimensional 

dynamic wave model for river network and experimental application for Dinh Ninh 

Hoa river basin. VN J. HydroMeteorol. 2017, 684, 41−45. 

3. Chanh, B.V.; Anh, T.N.; Anh, L.T. Simulation of river flow using nonlinear 1D- 

kinetic waves. J. Sci. VNU Hanoi: Earth. Environ. Sci. 2016, 32(3S), 14−19. 

4. Lighthill, M.J.; Whitham, G.B. A Theory of Traffic Flow on Long Crowded Roads. 

Proceedings of the Royal Society of London A, 1955, 229, 317-345. 

http://dx.doi.org/10.1098/rspa.1955.0089. 

5. Weinmann, P.E.; Laurenson, E.M. Approximate flood routing methods: a review. J. 

Hydraul. Div. ASCE 1979, 105(12), 1521–1526. 

6. Cunge, J.A. On The Subject Of A Flood Propagation Computation Method 

(Muskingum 2057 Method). J. Hydraul. Res. 1969, 7, 205–230. 

7. Woolhiser, D.A. Simulation of unsteady overland flow. In: Mahmood, K.; 

Yevjevich, V (Editors), Unsteady Flow in Open Channels, Vol. II. Water Resources 

Publication, Fort Collins, CO, 1975, pp. 502. 

8. Dawdy, D.R. et al. User's guide for distributed routing rainfall-runoff model U.S. 

Geol. Surv. Water Resour. Invest. 1978, 78–90. 

9. Jaccvkis, P.M.; Tabak, E.G. A Kinematic Wave Model for Rivers with Flood Plains 

and Other Irregular Geometries. Math. Comput. Modell. 1996, 24(11), 1−21. 

10. Nwaogazie, I.L. Kinematic-wave simulation program for natural rivers.  Adv. Eng. 

Software 1978, 8(1), 32–45. 

11. Huang, H. Finite Difference Solutions of Incompressible Flow Problems with Corner 

Singularities. J. Sci. Comput. 2000, 15(3), 265–292. Doi:10.1023/A:1011138516712 

12. Henderson. Open chanel flow. (Eds.), Macmillan puplising Co., INC., 1966, pp. 273. 

13. Woolhiser, D.A.; Liggett, J.A. Unsteady, one-dimensional flow over a plane–The 

rising hydrograph. Water Resour. Res. 1967, 3(3), 753–771. 

14. Hubert, J.M.S.; Fahmy, H.; Lamagat, J.P. A composite hydraulic and statistical flow-

routing method. Water Resour. Res. 1993, 29(2), 413–418. 

Doi:10.1029/92WR01767. 

15. Anh, L.T.; Son, N.T. Applying the finite element hydrodynamic model to describe 

the basin flow process. VNU J. Sci.: Nat. Sci. Technol. 2003, 19(1S), ISSN 2588-

1140. 

16. Ven, T.; David, R.M.; Larry, W.M. Applied Hydrology. New York: McGraw−Hill, 

1988. 

17. Chanh, B.V. Research for improvement of marine models to simulate and precaution 

of fluids for water basins without data − application to the south central region. PhD 

thesis, 2022. 

18. Cuong, N.T.; Phương, T.T. Forecasting the discharge into Hoa Binh reservoir by 

applying the connecting model MARINE − IMECH1D. VN J. Mech. 2008, 30(3), 

149−157. 

https://www.sciencedirect.com/journal/advances-in-engineering-software-1978
https://www.sciencedirect.com/journal/advances-in-engineering-software-1978
https://www.sciencedirect.com/journal/advances-in-engineering-software-1978/vol/8/issue/1
https://www.researchgate.net/profile/Huaxiong-Huang-2
http://dx.doi.org/10.1023/A:1011138516712
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Woolhiser%2C+D+A
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Liggett%2C+J+A
https://agupubs.onlinelibrary.wiley.com/toc/19447973/1967/3/3
https://www.researchgate.net/profile/Hubert-Morel-Seytoux
https://www.researchgate.net/profile/Hussam-Fahmy-2
https://www.researchgate.net/scientific-contributions/Jean-Pierre-Lamagat-46301194
https://www.researchgate.net/publication/248807002_A_composite_hydraulic_and_statistical_flow-routing_method
https://www.researchgate.net/publication/248807002_A_composite_hydraulic_and_statistical_flow-routing_method
http://dx.doi.org/10.1029/92WR01767


VN J. Hydrometeorol. 2022, 13, 105-117; doi:10.36335/VNJHM.2022(13).105-117                           117 

19. Chanh, B.V.; Anh, T.N. Integrated hydrological forecasting model set of Tra Khuc 

river basin. J. Sci. VNU Hanoi: Earth Environ. Sci: Earth Environ. Sci. 2016, 32(3S), 

20−25. 

20. Chanh, B.V.; Anh, T.N.; Truong, N.H. Recovering data of Cai Phan Rang river by 

the method of integrating models. VN J. Hydrometeorol. 2016, 668, 39−44. 

21. Chanh, B.V.; Anh, T.N. Testing the integration of MARINE model and one-

dimensional dynamic wave model on Cai river basin in Nha Trang. J. Clim. Change. 

Sci. 2020, 14, 45−55. 

22. Fattah, M.A.; Kantoush, S.A.; Saber, M.; Sumi T. Rainfall runoff Modeling for 

extrame flash floods in Wadi Samail (Oman). J. Jpn. Soc. Civ. Eng. Ser. B1 2018, 

74(5), I_691−I_696. 

23. Ify, L.N. Kinematic−wave simulation program for natural rivers. Adv. Eng. Software, 

1986, 8(1), 32−45. 

24. Lai, H.V.; Diep, N.V.; Cuong, N.T.; Phong, N.H. Coupling hydrological–hydraulic 

models for extreme flood simulating and forecasting on the North Central Coast of 

Vietnam. WIT Trans. Ecol. Environ. 2009, 124, 113−123. 

25. Miller, J.E. Basic Concepts of Kinematic−Wave Models, U.S. Geol. Surv. Prof. Pap. 

1984, pp. 1302. 

26. Nghi, V.V.; Lam, H.B.N.; Anh T.P.; Van, C.T. Development and Application of a 

Distributed Conceptual Hydrological Model to Simulate Runoff in the Be River Basin 

and the Water Transfer Capacity to the Saigon River Basin – Vietnam. J. Environ. 

Sci. Eng. 2020, A9, 1−12. 

27. Riccardo, R.; Giacomo, B.; Thomas, M.O. GEOtop: A Distributed Hydrological 

Model with Coupled Water and Energy Budgets. J. Hydrometeorol. 2006, 7(3), 

371−388.  

28. Robert, M.; Jahannes, J.D. Introduction and apolication of kinematic wave routing 

techniues using HEC−1, Hydrologic Engineering Center, Us Army Corps of 

Engineers, 1993.  

29. Satish, B.; Vasubandhu, M. Evaluation of dynamically downscaled reanalysis 

precipitation data for hydrological application. Hydrol. Process 2013. 

http://wileyonlinelibrary.com. 

30. Simons, D.B.; Li, R.M.; Stevens, M.A. Development of models for prediction water 

and sediment routing and yield from storms on small watershed. The University of 

Michigan, 1975.  

31. Danish Hydraulic Institute. Mike Zero Manuals, Hørsholm, Denmark, 2016.   

32. MKE 21 Toolbox Reference Manual, DHI Software, 2011. 

 


