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Abstract 

In this study, a relatively new semi-analytic technique, the reduced differential transform method is employed to 

obtain high accurate solutions of the famous coupled partial differential equations with physical interests namely 

the variable-depth shallow water equations with source term. The solutions are calculated in the form of a 

convergent power series with easily computable components. The Reduced differential transform method is easy 

to apply, reduces the size of computations, and produces an approximate solution without any discretization or 

perturbation. The results show the accuracy and efficiency of the reduced differential transform method in 

comparison to other existing methods. 

Keywords: Reduced differential transform method; shallow water equations; Conservation laws; Soliton 

solution; Error analysis. 

1. Introduction  

The notion of conservation laws plays an important role in the study of differential equations which are of great 

importance in many areas of physics. They are essential since they allow us to draw conclusions of a physical 

system under study in an efficient way. The mathematical idea of conservation laws comes from the formulation 

of familiar physical laws of conservation of energy, conservation of momentum and so on. 
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The flow of water in a wide frictionless channel with rectangular cross-section and smoothly varying bottom 

surface is governed by system of conservation laws namely, the shallow water equations [1]. In the one-

dimensional case, the flow of a fluid in an infinitely wide channel can be represented by [2] 
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The functions ( ),u x t and ( ),v x t  represent the total height above the bottom of the channel and the fluid 

velocity, respectively, and ( )H x  is the depth of a point from a fixed reference level of the water. The two 

independent variables x  and t are the distance along the direction of flow and the time, respectively. 

In 1994, Bermudez and Vazquez [3] found that no exact analytical solution for the shallow water equations 

when the bottom is not flat. But, using the theory of compensated compactness, Bruno [4] proves the 

convergence of a weak solution for one-dimensional non-homogeneous, non-strictly qusi-linear hyperbolic 

system. In order to solve the system in Eq.(1), many numerical methods were applied to solve the shallow water 

system. for example, the finite difference method [5], the finite element method [6], the Adomian decomposition 

method [2] and the variational iteration method [7]. 

In this paper, the relatively new technique, called the reduced differential transform method [8-9], is applied to 

solve the system in Eq. (1). 

This paper is organized as follows: In section two, we begin with some basic definitions and theorems of the 

reduced differential transform method. Analytic solutions of the system of shallow water equations via 

mentioned method are given in section three. To show the effectiveness and convergence of proposed method, 

numerical experiment is considered in section four. Section five contains the conclusions and discussions. 

2. Reduced Differential Transform Method  

Consider the analytic and continuously differentiated function of two variables ( , )u x t and suppose that it can 

be represented as a product of two single-variable functions, i.e., ( , ) ( ) ( )u x t f x g t= . Based on the properties of 

differential transform, the function ( , )u x t can be represented as 
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where  ( )kU x  is the transformed function, called t -dimensional spectrum function of ( , )u x t , and defined by 
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The differential inverse transform of ( )kU x is defined by combining Eqs.(2) and (3) implies that 
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One can easily obtained that the reduced differential transform is derived from the power series expansion. 

Next, some basic theorems and generalized formulas of reduced differential transform [8-16]  are listed. 

Theorem 2.1. The reduced differential transform is linear. 

Theorem 2.2. If ( ), m nu x t x t=  then, 

 ( ) ( )m
kU x x k nδ= − , ( )
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Theorem 2.3. If ( ) ( ), ,m nu x t x t v x t=  then, 
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Theorem 2.5. If ( ) ( ), ,
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We [10, 15] proved the following generalized reduced differential transforms: 

Theorem 2.6. If ( ) ( ), ,nu x t v x t= , n ∈  ,  then, 
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Theorem 2.7. If ( ) ( ) ( ), , ,
m

n mu x t v x t v x t
x
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, ,n m ∈  ,  then, 
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3. Analytic Solutions for System of Shallow Water Equations  

In this section, we apply the mentioned procedure in previous section for our problem subject to given initial 

data 
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Operating the reduced differential transform to Eq. (1) and using related theorems, we get  
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With converted starting values  
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Following the reduced differential transform method, the nth order approximate solutions ( , )u x t   and ( ),v x t

are given by 
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The exact solutions are 
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Provided the series solutions converge and have closed forms.  

4. Numerical Experiment  

To demonstrate the convergence of the RDTM, the results of numerical example are presented in this section, 

and only few terms are required to obtain accurate solutions. Consider the system in Eq. (1) subject to initial 

conditions 
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Substituting given data into recurrence relations Eq. (13), the first 15 values of ( )kU x  and ( )kV x  were 

computed recursively with aid of Mathematica. The approximate series solutions of height and velocity of the 

water, respectively, as 
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which are represented in Figure 1. 

In this example, we cannot determine the errors in comparative to the exact solutions since we do not know 

these solutions. Instead, we define absolute errors to obtain the accuracy of used scheme, by substituting 

obtained approximate solutions into our system in Eq. (1) and comparing to zeros right hand sides. That is 
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The absolute errors related to approximate solutions are shown in Figure 2. 
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Figure 1: The surfaces show the 15th order approximate soliton solutions to (a) the height ( ),u x t  and 

(b)the velocity ( ),v x t of water for 6x ≤  and 1t ≤ . 

 

  

Figure 2: The absolute errors using 15-terms approximate solutions of (a) the height ( ),u x t  and (b) the 

velocity ( ),v x t of water for 6x ≤  and 1t ≤ . 

  
Figure 3: The absolute errors using the ADM of (a) the height ( ),u x t  and (b) the velocity ( ),v x t of water 

for 6x ≤  and 1t ≤ .  
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Figure 4: The absolute errors using the VIM of (a) the height ( ),u x t  and (b) the velocity ( ),v x t of water 

for 6x ≤  and 1t ≤ .  

The errors can be made smaller as more and more terms of the series solution are included. To show the 

advantages and accuracy of the presented method for solving shallow water equations,  Figures 3 and 4 

represent the absolute errors obtained by solving Eq. (1) using the Adomian decomposition method (ADM) and 

the variational iteration method (VIM) respectively. In view, it is obvious that the RDTM is reliable and of high 

accuracy in obtaining an analytic solutions for this system. 

The differential transform method [17] is applied to solve the system of sallow water equations (1), the method 

is divergent except for small values of x  and t . In addition, it is more divergent while more components of the 

series solutions are computed. 

5. Conclusions 

The reduced differential transform method has been applied to find an approximate solution of the one-

dimensional shallow water equations. The method is low cost and easy to handle which produces high accurate 

solutions in comparisons with the Adomian decomposition method, the variational iteration method and the 

differential transform method. The algorithm can be used to provide an analytic solution of physical applications 

modeled by nonlinear partial differential equations. 

To overcome the demerit of complex calculations of differential transform method, The reduced differential 

transform method was presented. Also, it presents an efficient improvement in solving nonlinear partial 

differential equations since the amount of computations required is much less than that in other existing 

techniques.  Its rapid convergence, gives exact solution with small number of iterations. 

References 

[1]. J. Kevorkian. Partial Differential Equations, Analytical Solution Techniques, Wadsworth and Brooks, NY 

1990. 

[2]. K. Al-Khaled and F. Allan. “Construction of Solutions for The Shallow Water Equations by The 

Decomposition Method.” Mathematics and Computers in Simulation, 66(6), 479-486, 2004. 

202 
 

http://dl.acm.org/citation.cfm?id=1034822.1034825&coll=DL&dl=GUIDE&CFID=420242980&CFTOKEN=39692460
http://dl.acm.org/citation.cfm?id=1034822.1034825&coll=DL&dl=GUIDE&CFID=420242980&CFTOKEN=39692460
http://econpapers.repec.org/article/eeematcom/


International Journal of Sciences: Basic and Applied Research (IJSBAR) (2015) Volume 23, No  2, pp 196-203 

[3]. Bermudez and M. E. Vazquez. “Upwind methods for hyperbolic conservation laws with course terms.” 

Computers and Fluids, 23, 1049–1071, 1994 

[4]. R. Bruno. Convergence of approximate solutions of the Cauchy problem for a 2 × 2 non-stirctly hyperbolic 

system of conservation laws, in: M. Shearer (Ed.), Nonlinear Hyperbolic Problems, Vieweg Braunschweig, 

Taormina, 1993,  pp 487–494. 

[5]. R. M. Spitaleri and L. Corinaldersi.”A multigrid semi-implicit finite difference method for the two-

dimensional shallow water equations.” International Journal for Numerical Methods in Fluids, 25 (11), 

1229-1240, 1997. 

[6]. S. Chippada, C. N. Dawson, M. L. Martinez and M. F. Wheeler. “Finite element approximations to the 

system of shallow water equations. I. Continuous-time a priori error estimates.” SIAM Journal on 

Numerical Analysis, 35(2), 692–711, 1998. 

[7]. M. A. Abdou and A. A. Soliman. “New applications of variational iteration method.” Physica D, 211, 1-8, 

2005. 

[8]. Y. Keskin and G. Oturanc. “Reduced differential transform method for partial differential equations.” 

International Journal of Nonlinear Sciences and Numerical Simulation 10(6), 7414-749, 2009. 

[9]. Y. Keskin and G. Oturanc. “Reduced differential transform method for fractional partial differential 

equations.”  Nonlinear Science Letters A: Mathematics, Physics and Mechanics, 2,  207-217, 2010. 

[10]. E. A. Az-Zo'bi and K. Al-Dawoud. “Semi-analytic solutions to Riemann problem for one-dimensional 

gas dynamics.” Scientific Research and Essays, 9(20), 880-884, 2014. 

[11]. M. Rawashdeh and N. A. Obeidat. “On finding exact and approximate solutions to some PDEs using 

the reduced differential transform method.” Applied Mathematics & Information Sciences, 8(5), 2171-

2176, 2014. 

[12]. E. A. Az-Zo'bi. “On the Reduced Differential Transform Method and its Application to the Generalized 

Burgers-Huxley Equation.” Applied Mathematical Sciences, 8 (177), 8823–8831, 2014. 

[13]. V. K. Srivastava, M. K. Awasthi and S. Kumar, Egyptian Journal of Basic and Applied Sciences, 1 (1), 

60 (2014). 

[14]. M. O. Al-Amr. “New applications of reduced differential transform method.” Alexandria Engineering 

Journal, 53(1), 243–247, 2014. 

[15]. E. A. Az-Zo'bi, K. Al Dawoud and M. Marashdeh. “Numeric-analytic solutions of mixed-type systems 

of balance laws.” Applied Mathematics and Computation, 265, 133–143, 2015. 

[16]. E. A. Az-Zo’bi. “Analytic-Numeric Simulation of Shock-Wave equation Using Reduced Differential 

Transform Method.” Science International (Lahore), 27(3), 1749-1753, 2015. 
[17]. F. Ayaz, . “On the two dimensional differential transform method.” Applied Mathematics and 

Computation, 143, 361-374, 2003 

203 
 

http://www.sciencedirect.com/science/article/pii/S0096300315005901
http://www.sciencedirect.com/science/article/pii/S2314808X14000062
http://www.sciencedirect.com/science/article/pii/S2314808X14000062
http://www.sciencedirect.com/science/article/pii/S2314808X14000062
http://www.sciencedirect.com/science/article/pii/S2314808X14000062
http://www.sciencedirect.com/science/article/pii/S2314808X14000062
http://www.sciencedirect.com/science/article/pii/S2314808X14000062
http://www.sciencedirect.com/science/article/pii/S1110016814000040
http://www.sciencedirect.com/science/article/pii/S0096300315005901
http://www.sciencedirect.com/science/article/pii/S0096300315005901
http://www.sciencedirect.com/science/article/pii/S0096300315005901
http://www.sciencedirect.com/science/journal/00963003
http://www.sciencedirect.com/science/journal/00963003/265/supp/C

