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Abstract—Flood wave propagation in river channel flow can be 

enunciated by nonlinear equations of motion for unsteady flow. It is 
difficult to find analytical solution of these non-linear equations. 
Hence, in this paper verification of the finite element model has been 
carried out against available numerical predictions and field data. The 
results of the model indicate a good matching with both Preissmann 
scheme and HEC-RAS model for a river reach of 29km at both sites 
(15km from upstream and at downstream end) for discharge 
hydrographs. It also has an agreeable comparison with the 
Preissemann scheme for the flow depth (stage) hydrographs. The 
proposed model has also been applying to forecast daily discharges at 
400km downstream in the Indus River from Sukkur barrage of Sindh, 
Pakistan, which demonstrates accurate model predictions with 
observed the daily discharges. Hence, this model may be utilized for 
flood warnings in advance. 

 
Keywords— Finite Element Method, Flood Forecasting, HEC-

RAS, Indus river. 

I. INTRODUCTION 
LOOD is the abnormal weather-related hazard, if flood 
can be predicted in advance then suitable warning and 

preparation can be adopted to mitigate the damages. For this 
purpose, many river basins have worked out to build up the 
flood forecasting system for flood mitigations [1]. 

One-dimensional unsteady open channel flow modeling is 
important in flood routing and prediction, stream flow 
modeling, river regulation and in the analysis of estuarine 
flows. Flood routing is the activity of mathematically 
modeling which is the most important activity in predicting 
flood stages and discharges as the functions of time and space 
along a river reach [2]. 

The movement of a flood wave in a river channel is a 
highly complicated phenomenon of unsteady flow. Not only 
the flow vary with time as the wave progressed downstream, 
but also the channel properties and amounts of lateral 
inflow/outflow can vary. Thus, the analytical solution to the 
problem becomes quite complicated [3]. 

The first numerical model of a river system was developed 
by [4] for the Ohio and Mississippi systems. It was followed 
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by important developments in the late 1950s in particularly by 
[5]-[7]. 

Hydraulic routing is known as distributed routing based on 
conversation of mass and simplified Saint-Venant momentum 
equations. The most accurate theoretical approach to flood 
routing is the system of the Saint-Venant hydrodynamic 
equations. This is highly non-linear partial differential 
equations which cannot be solved analytically. Numerical 
schemes such as finite differences, finite volume and finite 
elements along digital computer must be utilized for solving 
non-linear problems [8]-[10]. 

The finite difference scheme has been used in most of 
numerical models i.e. is due to the fact of requiring small time 
and space steps in such schemes. Hence, the computing 
efficiency is decreasing when large space and time steps are 
being used. However, the finite element method (FEM) is not 
only efficient for such large space and time steps but also 
flexible in handling general shapes of domain and boundary 
conditions, which is basic required for fluid dynamic problems 
and computation of complex flows [11], [12]. 

II. GOVERNING EQUATION AND NUMERICAL MODEL 
The diffusive wave equation has terms of convection and 

diffusion which depends on two parameters, celerity and 
diffusion coefficient that is also functions of the discharge. 
The resolution of this equation depends on initial conditions, 
inflow hydrograph, lateral inflow/outflow and geometric 
characteristics of channel [13]. 

The diffusive wave model, simplified form of the Saint- 
Venant Equation, could give a good accuracy in the results 
from flood routing in the rivers [14]. The governing equation 
for computing flood discharge (Q) is described as follows: 
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where, C is wave celerity, D is diffusion coefficient, t is time 
and x is flow direction. 

Equation (1) is non-dimensionalized using non-dimensional 
variables: Q*, t* and x* in the following form (deleting * for 
brevity, for details [14]). 
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In the development of finite element model, two-steps Lax-

Wendroff predictor-corrector technique has been employed. In 
this model, semi-implicit Taylor-Galerkin scheme has been 
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used. The developed model was validated with predicted 
hydrographs with and without lateral inflow and outflow of 
[15] which shows accuracy of the model in all three cases.  

III. RESULTS AND DISCUSSIONS 
A wide rectangular river reach of 29km having average 

channel width (B) of 120m was selected for study to verify 
accuracy of the developed model. At upstream, an initial base 
flow 100 m3/sec was recorded with the river reach with a bed 
slope (So) of 0.00061 and Manning’s roughness co-efficient 
(n) of 0.023. The discharges and flow depths for 30 hours 
duration (shown in Fig. 1) have been given as time variable 
boundary condition at upstream of the river to the developed 
finite element model. 

The discharge and stage hydrogrphs have been computed 
using the finite element model at both sites (i.e. 15km from 
upstream and at 29km, the downstream end) for the river 
reach; these hydrographs are shown in Figs. 2 and 3. 

The predicted peak flow discharges (q = Q/B) obtained 
from the developed model at both sites (15km and 29km 
downstream) have been tabulated in Table I for comparison 
with peak discharges of the Preissmann and HEC-RAS 
models. 

 

 
(a) Depth Inflow Hydrograph at upstream end 

 

 
(b) Discharge Inflow Hydrograph at upstream end 

Fig. 1 Stage & discharge hydrographs at upstream of river reach [5] 
 

 
Fig. 2 Simulated discharge hydrogrphs using FEM model 

 

 
Fig. 3  Stage hydrographs predicted using FEM model 

 
TABLE I 

COMPARISON OF PREDICTED PEAK DISCHARGES (M3/SEC PER M WIDTH) USING 
FINITE ELEMENT MODEL WITH PREISSMANN FINITE DIFFERENCE SCHEME 

AND HEC-RAS MODEL 

Discharge 
(q = Q/B) 

Preissmann finite 
difference scheme 

HEC-RAS 
model 

Presented finite 
element model 

5 km from 
upstream 2.47 2.03 2.36 

29 km from 
upstream 2.44 1.88 2.13 

 
The above Table I demonstrates that the discharge predicted 

by the presented model have close agreement with those of 
Preissmann at both sites 15 and 29 km from upstream (see Fig. 
4). The stages (flow depth hydrograph) of FEM show a small 
variation in peaks between the presented model and that of 
Preissmann technique/scheme.  

On the contrary, the hydrograph computed through HEC-
RAS at 15km from upstream is not matching with both the 
hydrographs (Fig. 4). However, the peak flow computed by 
FEM is closed to Preissmann finite difference scheme.  

The maximum flow depth/stages values at 15 km and at 
downstream end for all three schemes are described in Table 
II, which shows a big variation in maximum stage readings of 
HEC-RAS model against both the finite difference scheme 
and the finite element model. To observe detail variation stage 
hydrograph of FE model at 15 km from upstream has been 
compared with Preissmann finite difference and HEC-RAS 
models (Fig. 5).  
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Fig. 4 Comparison of discharge hydrographs at 15 km from u/s 

 
TABLE II 

COMPARISON OF PREDICTED STAGES (M) USING FINITE ELEMENT MODEL 
WITH PREISSMANN FINITE DIFFERENCE SCHEME AND HEC-RAS MODEL 

Stages 
Preissmann 

finite difference 
scheme 

HEC-RAS 
Model 
[16] 

Presented 
 finite element 

model 
5 km from 
upstream 1.67 3.06 1.6 

29 km from 
upstream 1.66 1.41 1.499 2.13 1.88 2.13 

 

 
Fig. 5 Stage hydrographs of various schemes/models at 15 km 

 
The above Fig. 5 demonstrates very close agreement of 

stage hydrographs of Preissmann and the presented FE model. 
However, HEC-RAS model shows very high depth at this 
section for all 35 hours durations. Hence, it is concluded that 
the presented finite element behaves very nice when 
comparing with Preissmann’s finite difference scheme during 
verification process in a river reach. 

Keeping in view above satisfactory results, the presented 
finite element model was tested against annual hydrograph of 
year 2009 of discharge data collected at downstream of Indus 
river reach. No lateral inflow or outflow was assumed in the 
reach of Sukkur barrage and Kotri barrage of the Indus River 
as shown in Fig. 6.  

Inflow Hydrograph of 2009 (shown in Fig. 7) at 
downstream of Sukkur barrage of Indus River is used as inlet 
boundary condition. The model has computed discharge at a 
distance of 400 km downstream i.e. at upstream of Kotri 
barrage.  

 
 

 
Fig. 6 Map of Indus River from Sukkur to Kotri barrage [17] 

 

 
Fig. 7 Observed inflow hydrograph for 2009 at Sukkur barrage 

 
The observed hydrograph of 2009 at Kotri barrage was 

collected from Sindh Irrigation and Drainage Authority 
(SIDA), Hyderabad and compared with computed discharge 
for the whole year (see Fig. 8); the comparison demonstrates a 
good agreement. 

 

 
Fig. 8 Comparison between Observed and Computed discharges at 

upstream of Kotri Barrage) 
 

There are four peaks; out of which the major peak which 
shows good matching of observed discharge (Q = 3405m3/sec) 
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with predicted one (Q= 3242 m3/sec). The error between 
observed and simulated peak flow is about 4.77%. It was 
observed that the absolute relative error of observed and 
predicted for different months are varying; however, the 
average annual relative error is found about 13%.  

The correlation coefficient R2 of measured and predicted 
values of total volumes was calculated which comes 0.9; this 
reveals a good agreement between observed and simulated 
results. The observed and computed lag times are also 
calculated for the peak flows. The observed minimum lag time 
is three days. For the major peak flow, the observed lag time is 
6 days, whereas the computed lag time comes 8 days. 
Meanwhile, the average lag time is calculated which is seven 
to eight days. 

IV. CONCLUSIONS 
The predicted discharge hydrographs using the proposed 

Finite Element model have been compared with those of 
Preissmann finite difference scheme and HEC-RAS model for 
both sites of river reach (15km from upstream and at 29km 
downstream end). These comparisons show a good matching 
among all three schemes. When comparing depth of flow 
computed from these schemes/models, stage hydrograph of 
the FE model having a good match with that of the 
Preissemann scheme; however, the output of HEC-RAS model 
does not show a fine matching with FE model and 
Preissemann scheme. This may be due to the fact that in 
HEC-RAS model, momentum equation is not used. Depth- 
values for  15 km s i t e  computed using HEC-RAS model are 
higher than those of present Finite element model and 
Preissmann scheme. Results also show that the arrival time of 
peak flow in the present model is 1 hour earlier than the 
HEC-RAS model at 15km after upstream, and it is 2 hours for 
the downstream-end. 

The proposed developed model has been applied for the 
prediction of flood forecasting at Sukkur-Kotri barrage reach 
of the Indus River. The observed and computed outflow 
hydrographs at upstream of Kotri barrage provides satisfactory 
resolution of the model under field conditions. This model is 
capable of computing peak flow attenuation and time lag 
which is vital to be computed for flood forecasting. The 
analyzed results of model demonstrates that the model is 
accurate in computing and forecasting hourly to daily basis 
discharges which can be utilized in issuing flood warnings 
about flood hazardous in advance. 
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