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Comparison of 4-Point FDF Muskingum Method based on the Full Saint Venant
Equations and MIKE11 Model for Flood Routing (Case Study: Karun River)
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Abstract: Using the Froude number, a nonlinear convection-diffusion equation was derived from the Saint 
Venant equations of continuity and momentum. It was made applicable to discrete space using a mixing-
cell method, resulting in a first order nonlinear ordinary differential equation. A 4-point finite difference 
scheme was used to solve the first order nonlinear ordinary differential equation to achieve a nonlinear 
algebraic form that is very similar in structure to the traditional Muskingum, thus its naming as the 4-point
FDF of Muskingum Method. In this method, the space interval ∆x is a characteristics channel length and a 
variable that is dependent on flow discharge, water depth and flow velocity. An iterative search method 
was applied to simultaneously obtain the flow discharge and the optimum space interval ∆x. The method 
developed was tested with both synthetic numerical examples and observed events and the result were 
compared with those of the Lambda scheme and the method of characteristics. The outflow hydrographs
produced by this new 4-point FDF Muskingum Method were of comparable accuracy. The parameters used 
in the new method are based on the physical attributes of the channel and thus do not need calibration as 
required for the Muskingum method. 

Key words: Saint Venant equations • nonlinear convection diffusion equation • characteristic channel 
length • 4-point finite differences from Muskingum method • iterative search

INTRODUCTION

Flow routing is a mathematical procedure for
predicting the changing magnitude, speed and shape of 
a flood wave in a channel as a function of time. Many 
ways have been sought to predict the characteristic 
features of a flood wave in order to estimate the degree 
and scope of flooding effects and to plan for control 
measures. In addition, flow routing has the potential to 
be used economically to improve the transport of water 
through natural or man-made watercourses. The
traditional lumped Muskingum channel routing method 
introduced by Mc Carthy is simple and easy to use in 
practice [1]. The model parameters, however, must be 
calibrated using inflow and outflow hydrograph data. 
The simplified distributed models based on the
Muskingum-Cunge method utilize the 4-point finite
difference method to produce a discrete form of the 
kinematic wave equation on an x-t plane, with
weighting factors X and Y [2]. The resultant equations 
are similar to the traditional Muskingum method and 
may be either linear or nonlinear, with the latter
requiring an iterative solution procedure [3]. In these
methods,  the  parameters  do  not  have to be calibrated 

but determined from channel characteristic features
instead. However, the space interval ∆x is a constant 
and the relationship between the storage in the channel 
reach and the discharge at the downstream cross-section
is not a single-valued curve [4]. The numerical
solutions of the full Saint Venant equations include 
characteristic methods as well as explicit and implicit 
finite difference methods; all of which are more
complicated than the hydrologic routing and simplified 
distributed models [5]. Recently, Wang et al. proposed 
a semi-analytical solution of the complete St Venant 
equations that is superior to the numerical solutions [6]. 
However, that semi-analytical solution is limited to the 
case of a rectangular channel [7]. The objective of this 
paper is to extend the work of Wang using the Froude 
number to derive a nonlinear convection diffusion
equation from the complete Saint Venant equations for 
various channel cross-sections. The resultant nonlinear
convection diffusion equation will be made discrete in 
space using the mixing-cell method of Singh et al. and 
by transforming it into a first-order nonlinear ordinary 
differential equation for which the optimal space
interval ∆x is the same as the characteristic reach length 
[8].  Lastly,  a  varying-weights 4-point finite difference
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method will be used to convert the first-order nonlinear 
ordinary differential equation into a form that is similar 
in application to that of the traditional Muskingum
method.

LITERATURE REVIEW

Lumped hydrologic flow routing methods: Since its 
development around 1934 and report by McCarthy, the 
Muskingum method for routing flood waves through 
channels has been the subject of many investigations 
[9]. The continuity equation and the storage equation in 
channel routing are given as:

ds
I-O

dt
= (1a)

And
S k[ I (1- )O]= χ + χ (1b)

Combining the continuity Eq. (1a) and the storage 
Eq. (1b) and expressing the combination in the
following finite difference form (FDF) results in the
approximate solution, which forms the basis of the
traditional Muskingum Channel Routing Method.

1 2 1 2 2 2 1 1I I O O k[ I (1- )O ]-[ I (1- )O ]
-

2 2 t
+ + χ + χ χ + χ

=
∆

(2)

Reducing to the simplified form

2 1 2 2 1 3 1O C I C I C O= + + (3)

Where I1 and I2, the inflow at the beginning and end of 
the routing period, O1 and O2, the outflow at the
beginning and end of the routing period and

1

t
( ) 2

kC
t( ) 2(1- )

k

∆
+ χ

=
∆ + χ
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t
( )-2

kC
t( ) 2(1- )

k

∆
χ

=
∆ + χ

(3a)
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t
2(1- )-( )

kC
t( ) 2(1- )

k

∆
χ

=
∆ + χ

C1+C2+C3=1 reflects the conservation of volume of the 
routing system.

Wang et al. noted that Eq. (3), with the three
coefficients defined as above, is the classic FDF of the 
continuous form of the Muskingum channel routing 
model  obtained  from the combination of the continuity 

and storage relations (1a) and (1b), respectively. He 
went on to derive the ‘discretely-coincident form
(DCF)’ of the same continuous model, for the case of 
‘linear interpolation between the equidistant sampled 
values of the inflow and outflow hydrographs’,
comparing the FDF and CDF forms. However, the
drawback of both forms, in contrast to the Muskingum 
Cunge method discussed in the next section and the 
FDF of the convection-diffusion equation developed 
later in this paper, is that both model parameters (i.e. 
the storage coefficient K and the weighting coefficient 
X) have to be calibrated using observed inflow and 
outflow data [10].

Simplified distributed routing models: Cunge, using 
a  4-point finite difference scheme on the x-t plane to 
make a discrete kinematic wave equation with the
weighting factor Y=1/2, obtained a formula that is
similar to the traditional Muskingum method. Cunge 
has shown that the remainder, R, or difference between 
the finite difference approximation of the differential
equation and the differential equation itself, can be
determined from a Taylor series expansion of the
function Q, as follows [10]:

2

k 2
1 QR C x( -x) ...
2 x

∂= ∆ +
∂

(4)

Cunge set the numerical diffusion coefficient from 
the approximation error expressed by Eq. (4) and the 
variable X equal to the apparent physical diffusion 
coefficient as derived in a general diffusion equation, as 
follows [10]:

2

k2
0

Q Q Q Q-C
t 2BS x x

∂ ∂ ∂=
∂ ∂ ∂

(5)

The resulting expression can be solved for the
Muskingum weighting factor X to produce

0 k

1 q
X (1- )

2 S C x
=

∆
(6)

where ∆x, reach length (space interval); Ck, flood wave 
celerity; q, unit width discharge; S0, channel bottom 
slope; B, water surface top width. The value of the 
Muskingum weighting factor generally falls in the
range of 0.0-0.5. For X=0, Eq. (6) reduces to

0 k

q
x

S C
∆ = (7)

In this case ∆x is the same as the ‘characteristic 
length’ proposed by Kalinin and Milyukov [11].
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At the other extreme, X=0.5, Eq. (6) reduces to

0 k

q
0

S C x
=

∆
(7a)

Usually, q, Ck and S0 are not equal to zero so Eq. 
(7a) leads to zero as ∆x which is neither realistic or 
valid; creating a weakness in the method [12].

Ponce et al. presented variable parameters by
substituting Eq.  (6)  and  the  relation  (K=∆x/c) into 
Eq. (3), giving:

1
1 C-D

C
1 C D
+

=
+ +

2
1 C D

C
1 C D
− + +

=
+ +

(8)

3
1-C D

C
1 C D

+
=

+ +

where C=Ck∆t/∆x is the Courant number and D =
(q/S0)/(Ck∆x) is a type of cell Reynolds number. The 
coefficients in Eq. (8) are similar to those in the
Muskingum-Cunge equation and have physical and 
numerical significance. The values of Ck and q at grid 
point (j,n) are defined by:

k
dQ QC j,n; q j,n
dA B

= = (9)

where Q, discharge and A, flow area. Iterative three and 
4-point variable-parameter methods were used for the 
calculation.

Koussis carried out the discrete space calculations 
by retaining continuous functions for the time
derivatives, using a weighting scheme for the time
derivative and assuming linear variation of flow over 
the time interval ∆t. He, thus, obtained a more general 
form of the Muskingum method where the parameters 
were discharge dependent [13].

Wang and Singh proposed a Muskingum method 
with variable parameters for flood routing through a 
channel. In their study, the reach travel time was
obtained from simplification of the Saint Venant
equations. The results obtained were found to be more 
accurate than those of the conventional Muskingum
method with parameters obtained by trial and error or 
optimization [14].

Ponce and Chaganti suggested that the variable-
parameter Muskingum-Cunge method is revisited. In 
this version, the wave celerity is defined as:

k
Q q

C ( ) ( )
A h

=β = β (10)

where ß is the exponent of the rating, A is the flow 
section area and h is the flow depth. A modified
iterative-parameter method was used in which the
routing parameters, C and D, for each computational 
cell are based on the average unit width discharge at the 
four grid points.

Ponce and Lugopresented Modeling Looped Rating 
in Muskingum-Cunge routing [14]. In this paper, the 
Vedernikov number (Vn) was incorporated into the cell 
Reynolds number as follows:

n
k

q
D (1-V )

SC x
=

∆
(11)

In the traditional Muskingum method, the
Muskingum-Cunge method and the Ponce method, ∆x
(space interval) was taken as a constant.

Singh et al. used the mixing-cell method to solve 
Eq. (5) in which the diffusion term can be eliminated by 
selecting an optimal space size (∆x) when time size (∆t)
is given [8]. When the time size ∆t0, the space size
∆x = Q/(BS0Ck), which is the same as the characteristic 
length proposed by Kalinin and Milyukov [15].

Solving the complete Saint Venant equations for
channel routing: Solving the complete Saint Venant is 
another technique for determining channel flood
routing. The continuity and momentum equations of the 
Saint Venant equation are as follows [16]:

A Q
q

t x
∂ ∂

+ =
∂ ∂

(12)

0 f
1 V V V h

S -S
g t g x x
∂ ∂ ∂

+ + =
∂ ∂ ∂

(13)

where A, cross sectional flow area; Q, discharge; q, 
lateral inflow or outflow; S0, channel bottom slope; Sf,
slope of the energy-grade line of friction slope; V, flow 
velocity; h, flow depth; g, acceleration due to gravity; x, 
distance along the channel length; t, time; ∂h/∂x, the 

water surface slope and V1( )g t
∂

∂  and VV( )g x
∂

∂ ,

inertia terms which relate to the Froude number.
A numerical simulation was performed by Wang et 

al. using the Lambda scheme to solve the complete 
Saint Venant equations for estimating flow velocity,
water depth, and flow discharge for different channel 
length, surface roughness and slopes [17]. The results 
indicated that the Froude number (Fr) was dependent 
only upon the channel roughness and slope,
independent of flow velocity, flow depth, or flow
discharge. Because the Froude number is identified as a 
constant calculated from a given slope and channel 
roughness,  it   can   be   introduced   into   the operation
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between the water depth and the velocity in the channel 
reach. For a rectangular channel reach, the sum of the 

three terms of h
x

∂
∂ , V1( )g t

∂
∂  and VV( )g x

∂
∂  is 

equal to
2Fr h

(1- )
4 x

. Thus, the momentum equation

becomes:

2

0 f
Fr h(1- ) S -S
4 x

∂ =
∂

(14)

The continuity equation for rectangular channel
was written as:

h q 1 Q
-

x B B x
∂ ∂

=
∂ ∂

(15)

Eqs. (14) and (15) were combined together to
obtain the full inertial hydraulic diffusion wave
equation. It was made discrete in space using the
mixing-cell method creating a first order nonlinear
differential equation. The integrating method was used 
to solve the first order nonlinear differential equation to

get the semi-analytical solution for the complete Saint 
Venant equations [17].

A nonlinear convection diffusion equation: For a
trapezoidal channel reach, the momentum equation
becomes:

2
0

0 f
0

Fr B ah h(1- ) S -S
4 B 2ah x

+ ∂ =
+ ∂

(16)

Where B0, channel bottom width and a, lateral section 
slope, Sf, a friction slope and for Chezy’s equation, 

2 2 3 2
f 0S Q /[c h (B h) ]= + α

For a trapezoidal channel reach, the continuity equation 
of Saint Venant equations can be written as:

0 0

h q 1 Q
-

t B 2 h B 2 h x
∂ ∂

=
∂ + α + α ∂

(17)

Differentiating Eq. (16) with respect to t, obtains

2
f f 0 0 f

2 3 2 2
0 0 0

h 2Q Q 2aS 3S h F r B a ( S - S ) h( ) - ( ) -
t x pc h (B ah) t p(B ah) ph t 4p(B 2ah) t

∂ ∂ ∂ ∂ ∂= + +
∂ ∂ + ∂ + ∂ + ∂

(18)

Where
2

0

0

Fr (B h)p 1-
4 (B 2 h)

+ α=
+ α

Differentiating Eq. (17) with respect to x and assuming q
0

x
∂

=
∂

 and h Q
( )( ) 0

x x
∂ ∂

=
∂ ∂

, yields Eq. (19).

2

2 2
0 0

h 2ah h 1 Q( ) - -
x t (B 2ah) x (B 2ah) x

∂ ∂ ∂ ∂=
∂ ∂ + ∂ + ∂

(19)

Substituting Eqs. (17) and (18) into Eq. (19) and rearranging, result in:

2
0 f 0

2
0 f 0

a Q S -S Fr B q[h- ]
(B 2ah) S 8p(B 2ah)

+
+ +

(20)

Eq. (20) is a nonlinear convection-diffusion equation for a trapezoidal channel; when a = 0, Eq. (20) reduces to 
Eq. (20a):

2

2

2

Fr1-( )QQ Q 3Q Q 3qQ4 -
t 2BS x 2Bh x 2Bh

∂ ∂ ∂
= +

∂ ∂ ∂
(20a)

Eq. (20a) is a nonlinear convection-diffusion equation for a rectangular channel; when B0 = 0, Eq. (20) reduces 
to Eq. (20b):

2 2

2

2 2 2

Fr Fr
1-( )Q 1-( )QQ Q h 5Q Q 5qQ8 8 -

t 4ahS x 4ahS x 4ah x 4ah
∂ ∂ ∂ ∂

= + +
∂ ∂ ∂ ∂

(20b)

Eq. (20b) is a nonlinear convection-diffusion equation for a triangular channel.
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FOUR POINT FINITE DIFFERENCES FROM MUSKINGUM METHOD

Eqs. (20), (20a) and (20b) are nonlinear convection diffusion equations of the parabolic type having two 

boundaries in a reach channel. The inflow hydrograph serves as the upstream boundary condition and Q(L,t)
0

x
∂

=
∂

serves as the lower boundary condition. The structure and boundary conditions of Eq. (20) suggest that the use of the 
mixing-cell method is appropriate. Applying Taylor series expansion backward in space to the first-order term of 
Eq. (20) and neglecting the terms of the third and higher orders, one obtains:

2
i i-1

2
Q Q -Q x Q-
x x 2 x

∂ ∆ ∂=
∂ ∆ ∂

(21)

Substituting Eq. (21) into Eq. (20), result in:

2
i i-1

2
0 f

Q pQ x Q Q -Q[ -f(Q,h) ] f(Q,h) G(Q,h)
t 2(B 2ah)S 2 x x

∂ ∆ ∂= + +
∂ + ∂ ∆

(22)

Where
2

0 f 0
2

0 f 0 0

Fr B a Q S -S 3Q a h 1f(Q,h) -( )
8p(B 2ah) S 2h B a h B 2ah

= + +
+ + +

2
0 0 f 0

2
0 0 0 f 0

(3B 5 h)qQ h S -S Fr B qG(Q,h) [h- ]
2h(B 2 h)(B h) (B 2 h) S 8p(B 2 h)

+ α α= + ×
+ α + α + α + α

To eliminate the second-order term in Eq. (22), let

0 f

pQ x
-f(Q,h) 0

2(B 2 h)S 2
∆

=
+ α

This leads to

0 f

pQ
x

(B 2 h)f(Q,h)S
∆ =

+ α
(23)

And Eq. (22) reduces to

i i-1Q Q-Q
f(Q,h) G(Q,h)

t x
∂

= +
∂ ∆

(24)

Eq. (24) is a first-order nonlinear ordinary
differential equation that is derived from the nonlinear 
convection diffusion Eq. (20) where the physical and 
numerical diffusion terms have been eliminated. The 
resulting ∆x is a characteristics channel reach in which 
the relationship between the reach’s storage and
discharge in a lower section is a single curve.
Therefore, for a trapezoidal channel cross-section, the 
relationship between the h and Q at a lower section is:

3
2

0Q c S(B h)h= + α (25)

The numerical solution of Eq.  (24)  can be
obtained by using the varying-weights 4-point finite 
differences method in the x-t plane [18]. That is, 

k 1 k k 1 k
i i i-1 i-1Q X(Q -Q ) (1-X)(Q -Q )

t t

+ +∂ +=
∂ ∆

(26a)

And

k 1 k 1 k k
i i-1 i i-1 i i-1Q -Q Y(Q -Q ) (1-Y)(Q -Q )

x x

+ + +
=

∆ ∆
(26b)

where X is a weighting coefficient on the time
difference and Y is a weighting coefficient on the
spatial difference.

Substituting Eqs. (26a) and (26b) into Eq. (24) and 
arranging, result in

k 1 k k 1 k
i 1 i 2 i-1 3 i-1 4Q C Q C Q C Q C q+ += + + + (27)

Where

1

X (1-Y)f(Q,h)( )
t xC
X Yf(Q,h)( )-

t x

+
∆ ∆=

∆ ∆

(27a)

2

-(1-X) Yf(Q,h)( )-
t xC

X Yf(Q,h)( )-
t x

∆ ∆=

∆ ∆

(27b)

3

(1-X) (1-Y)f(Q,h)( )-
t xC
X Yf(Q,h)( )-
t x

∆ ∆=

∆ ∆

(27c)

4
G(Q,h)

C
X Yf(Q,h)( )-

t x

=

∆ ∆

(27d)
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Eq. (27), with coefficients Eqs. (27a)-(27d) are
referred to as the 4-point finite difference form of
Muskingum Method(FDF M-M).

If q=0, G (Q,h) reduces to

2
0 f

2
0 f

a h S -SG(Q,h)
(B 2ah) S

=
+

For a rectangular channel (α = 0) and q=0,
G(Q,h)=0 and f(Q,h) reduces to

3Q
f(Q,h) -

2Bh
= (28)

Eq. (23) reduces to

2

f

Fr2h(1- )
4x

3S
∆ = (28a)

k 1 k k 1 k
i i i-1 i-1

1
(Q Q Q Q

Q
4

+ ++ + +
= (29)

Q1 can be estimated using Eq. (29) and the 4-point
FDF M-M can be solved to obtain the outflow
hydrograph for a trapezoidal channel.

The structure of Eq. (27) and the routing
coefficients are similar to that of the Muskingum Cunge 
method. However, the derivation of the 4-point FDF M-
M is quite different. The Muskingum Cunge method is 
obtained by making a discrete kinematic wave equation 
using a 4-point finite difference in which ∆x is a
constant and weighting factor X is used for considering 
physical diffusion. In contrast, the 4-point FDF M-M is 
obtained from the nonlinear convection-diffusion
equation derived from the complete Saint Venant
equations by using the mixing cell and a 4-point finite 
difference method [18]. When the mixing cell method 
is used, the numerical and physical diffusion terms can 
be eliminated by selecting an optimal space interval ∆x
in which the rating curve is a single one and the
nonlinear convection-diffusion equation is converted 
into a first-order nonlinear ordinary differential
equation (Eq.  (24)). the varying-weights 4-point finite 
difference  scheme  was  used  to  obtain  the  4-Point
FDF M-M.

PROCEDURE FOR 4-POINT FDF M-M

The 4-point FDF M-M is a nonlinear channel
routing form, where the iterative calculation is used to 
obtain the discharge. The boundary condition is the 
inflow   hydrograph,  that  is, 1

1Q , 2
1Q , 3

1Q ,…, n 1
1Q +   and

Fig. 1: Schematic of x-t plane for nonlinear
interpolation

initial  values  at  different  locations  are  given, that is, 
1
1Q , 1

2Q , 1
3Q ,…, 1

mQ . For time index k=1 and spatial
index i=1, one can execute the following steps:

• The first guess value Qg of iteration for 2
2Q

• Calculate Q1 using Eq. (29), that is,
1 1 2

1 2 1 g
1

Q Q Q Q
Q

4
+ + +

=

• Calculate h from Q1 using Eq. (25)
• Calculate ∆x from h and Q1 using Eq. (23)
• Calculate coefficients C1, C2, C3 and C4 using Eqs. 

(27a), (27b), 27c) and (27d)
• Calculate discharge 2

2Q  using Eq. (27)
• Compare guess value Qg with new value 2

2Q , if the 
relative error is greater than a specified tolerance, 
set 2

g 2Q Q=

• Go to step 2 and repeat the procedure until the 
relative error is less than the specified tolerance

• Use Eq. (25) to estimate the water depth from the 
discharge obtained and use Eq. (23) to estimate ∆x

• For k=2, 3, … repeat steps 1-9 until the hydrograph 
for i=1 has been completed

• For i=2, 3, the same procedure is repeated for
estimating outflow Q, water depth h and ∆x.
Owing to the fact that ∆x at different time t is 
different, a linear interpolation is applied to
calculate the outflow on ∆L for each time ∆t, 2∆t,
3∆t,…,n∆t (Fig. 1). The inflow data file is replaced 
by the outflow on the ∆L for time ∆t, 2∆t, 3∆t,…,
n∆t. The calculation is repeated until the
calculations for the final channel reach are
completed.
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SOLUTION SCHEME IN MIKE11 MODEL

The solution of the equations of continuity and 
momentum is based on an implicit finite difference
scheme developed by Abbott and Ionescu [19]. The 
finite difference scheme used in MIKE11 (6-point
Abbott scheme), allows Courant numbers up to 10-20 if 
the  flow  is  clearly  sub-critical (Froude number less 
than 1) [20]. A graphical view of this method showed 
as below:

INTRODUCING THE CASE STUDY ZONE

For estimating the accuracy of 4-point FDF M-M, a 
reach of largest river in Iran has been selected. Karun is 
only navigated river in the past that contain wide area 
of Iran. Its basin has been covered by provinces of 
Khouzestan, Lorestan, Charmahal Bakhtiari and Boyer 
Ahmad, respectively. Karun basin is located at middle 
Zagros folding and south of Karkheh river basin. Karun 
river  length  is  about  890 KM  and  its  basin included

Fig. 2: Centered 6-point abbott and ionescu scheme

Fig. 3: Satellite picture from the case study zone

Fig. 4: Graphical results of MIKE11 calibration (data 
series no.1)

Fig. 5: Graphical results of MIKE11 calibration (data 
series no. 2)

66930 Sq. KM and only a little part of it including plain 
and foothill regions. This river has a large content of 
permanent flow. The annual water volume of this river 
is more than 24 milliard cubic meters and its
instantaneous average discharge value is 736 cubic
meters per second in measured data. One useful satellite 
picture from the case study zone is taken as follow as 
below:

RUNNING MIKE11 MODEL

After gathering the information of river network 
and cross sections in the reach between Mollasani and 
Ahvaz stations, about 61KM in length and 70 cross 
sections have been imported to MIKE11 software. The 
upstream boundary condition for Mollasani station
which used in the model was flood hydrograph related 
to January First 1997. The downstream boundary
condition for Ahvaz station that introduced to the model 
is rating curve. According to upstream hydrograph the 
model will calculate this curve at downstream. In the 
simulation process, MIKE11 performed with
approximate hydrodynamic conditions (Manning’s n), 
after that the model calibrated by changing value of 
Manning’s n insofar as observed and calculated data 
reached to a good agreement. Thus the average
resistance  factor  in  whole  of  the  reach  was obtained
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Table 1: Comparison of statistical analysis results for MIKE11 and 
4-point FDF M-M

Statistical analysis results
-----------------------------------------------

Performance criteria MIKE11 4-point FDF M-M

STD 0.030230 0.027552
R Square 0.981700 0.994300
MSE 0.001047 0.000902
RMSE 0.032361 0.030030
MAE 0.233840 0.215570
SSE 0.011520 0.009920

Fig. 6: Comparison of hydrograph estimated using
MIKE11 model and that estimated from 4-point
FDF M-M

0.028 in value. The calibration process applied by using 
shuffled algorithm that automatically improves the
accuracy of choosing the Manning coefficient for each 
time step. In Fig. 4 and 5 results of model calibration 
have been shown for MIKE11.

As we can see in Fig. 4 and 5, before calibrating 
the model, observed and calculated hydrographs don’t 
match very well. This mean Manning’s n incorrectly 
introduced to the model, but after calibration the
mentioned hydrographs have more accurate status. This 
step is not required for the 4-point FDF M-M. In the 
traditional Muskingum method, the routing parameters 
are obtained using calibration from observed inflow and 
outflow hydrographs. The outflow hydrograph is
estimated using the calibrated parameters and the
inflow hydrograph is given. Whereas, the parameters in 
the 4-point FDF M-M are channel bottom slope,
channel roughness, shape of the channel, cross section 
and the channel reach length. Using these parameters,
the outflow hydrograph can be estimated from the
inflow hydrograph. Therefore, the 4-point FDF M-M
does not require calibration of the parameters. An
inflow hydrograph for the river reach is shown in Fig. 
6. Based on the characteristics of the river reach, the 
outflow  hydrograph  is  easily estimated from MIKE11

and using the 4-point FDF M-M. As we can see in Fig. 
6, the two hydrographs estimated using the MIKE11 
odel and the 4-point FDF M-M, respectively, are in 
very good agreement. As evidence for this claim, we 
performed a statistical analysis for showing the
agreement of two mentioned methods in Table 1.

RESULT AND DISCUSSION

Although MIKE11 model uses high order fully 
dynamic method for solving Saint Venant equations, 
the results of Table 1 showed that its accuracy is less 
than 4-point FDF M-M. So we recommend that solution 
scheme of this model modified based on 4-point FDF 
M-M which does not require any calibration and could 
accelerate the simulation process. The 4-point FDF M-
M is based on a discretized form of the nonlinear
convection diffusion equation that is derived from the 
complete Saint Venant equations for different channel 
cross section shapes. Moreover the 4-point FDF M-M
involves making the nonlinear convection diffusion Eq. 
dis crete in space and transforming it to a first-order
nonlinear ordinary differential equation. Within the
equation, the optimal space interval ∆x is the
characteristics reach’s length and the relation between 
the discharge and water depth is a single valued curve. 
The procedure for the 4-point FDF M-M used to 
calculate outflow hydrographs is similar to that of the 
traditional Muskingum method, this, it is easy and 
convenient for use in practical applications.
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