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ABSTRACT 
MIKE 11, a one-dimensional hydraulic modelling package, is widely used to simulate water levels and 

flow in the river systems. In this model, Surface roughness values are usually used as calibration parameters. 
Roughness coefficient is considered as the most sensitive parameter in development of hydraulic models for 
flood forecasting and flood inundation mapping. Due to the lack of the availability of the roughness coefficient 
for many areas, it was necessary to investigate the model’s sensitivity to this parameter. Sensitivity analysis is 
required to test the accuracy and stability of the model for respective area. For this study, sensitivity analysis of 
Manning’s roughness coefficient, n on water level of Mahanadi Delta rivers has been done for MIKE11. The 
sensitivity analysis showed that model is sensitive to manning’s roughness coefficient. The value of n increases 
as stage increases. 
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INTRODUCTION 
 

In hydrological practice mathematical 
models are developed and applied to 
descriptions of environmental systems. Flow 
routing in rivers is described by hydrodynamic 
models of flow in an open channel (Gasiorowki 
et al. 2015). These models are based on the 
basic principles of physics (mass, momentum 
and energy conservation). In the case of floods, 
and especially when a flood wave exceeds the 
embankments, the flow is complex over a wide 
range of space scales and is unsteady in time. 
Therefore it should be modelled as a three-
dimensional phenomenon, but in practice, due to 
a lack of data and inadequate computational 
power, the use of 3D models is limited (Hunter et 
al. 2007). In many cases, the flow in a 
compound channel is described as two-
dimensional (Gee et al. 1990). In practice, 
especially when the study is aimed at a 
prediction of water levels at a particular cross-
section without significant concern to represent 
floodplain flow and storage accurately, 1D 
hydraulic model are used (Bates and Roo 2000). 
The use of 1D models to describe the flow 
through the area of complex geometry is often 
considered as too large a simplification of the 
flow field (Knight and Shiono 1996), but it is just 
an additional source of error which is small 
compared to other errors, resulting from the 
uncertainty of the boundary conditions, the 

cross-sectional geometry, and also the 
roughness coefficients (Bates 2007). The flow 
routing models are characterized by a number of 
parameters that should be estimated taking into 
account the observations. Only a few have a 
significant influence on the simulations and 
associated model output and should be 
calibrated. It is generally accepted that a 
sensitivity analysis (SA) assessing the influence 
of model parameters/factors on the model output 
should be conducted as a part of the calibration 
efforts and model implementation (He at al. 
2011). The SA methods are quantified in multiple 
ways but in generally they are divided into two 
categories: local and global (Song et al. 2015). 
Local sensitivity methods give an estimate of 
analysed factors on the model output around a 
specific point of interest. A global sensitivity 
analysis reflects the importance of factors 
(model parameters) through the multivariate 
space of a model response (Herman et al. 
2013).  It should be noted that in only a few 
studies has a sensitivity analysis been applied to 
flow routing models (Hall et al. 2005; Cloke et al. 
2007; Pappenberger et al. 2008; Liu and Sun 
2010). It is generally assumed that the model 
should be as simple as possible but at the same 
time should provide accurate results of 
simulations for mean and high water levels. The 
1D hydrodynamic model has been chosen for 
this study. The model should be calibrated on 
the basis of observed water levels and flows 
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estimated through rating curves. The first trial 
calibration using one parameter value for the 
whole reach or an independent calibration for 
individual sub-reaches did not give satisfactory 
results. For this reason a sensitivity analysis is 
conducted to help in the choice and 
development of an efficient and effective flow 
routing model calibration strategy. Sensitivity 
analysis is carried out in order to diagnose the 
influence that model input variables, together 
and in combination, have on the uncertainty in 
the flood model prediction. The sensitivity 
analysis quantifies the significant influence of 
variance in different model inputs and 
parameters in water level prediction in different 
reaches. 
 
MATERIALS AND METHODS 

 
Study area  
 

Delta region of Mahanadi River basin in 
India forms study area. It is located in the north- 
eastern part of coastal Orissa in India and lies 
between the longitudes 85030’ E and 86052’ E 
and the latitudes 19040’ N and 20045’ N. The 
areal extent of the delta is about 6800 km2 in 
which more than 80% of the total cropped area 
is affected by floods during the monsoon period. 
The average surface elevation of the delta 
region ranges from 5m to 30m. The flooding in 
the delta region is due to the river Mahanadi and 
its distributaries. The distributaries of the river 
Mahanadi include Devi, Kathajodi, , Serua, 
Nuna, Kushabhadra, Bhargavi, Chitrotpala, Daya 
and Biluakhai (Fig. 1).  
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
Fig.1. Map of Mahanadi delta showing its 
distributaries 

MIKE 11HD model is a one-dimensional 
hydraulic modelling package, developed at 
Danish Hydraulic Institute in 1987. MIKE11 is 
used to simulate the flow for the delta region of 
Mahanadi River basin in India. The MIKE11 
model setup was prepared to represent the 
entire river system in the delta region. The main 
input included river cross sections, time series of 
discharge or water level or both, and 
topographical map. The layout of MIKE 11 river 
network was prepared by digitizing the geo- 
referenced topographical map of the study area 
in the MIKE 11 network editor tool. Cross section 
elevation was extracted from SRTM DEM 
(Shuttle Radar Topography Mission Digital 
Elevation Model). The study area has five open 
hydrodynamic boundaries. All the four 
downstream boundaries were provided with 
constant water level whereas the upstream 
boundary was made inflow type. The point, Naraj 
(Mahanadi at 0.0 km chainage) was the 
upstream inflow type open boundary whereas 
the other boundaries were at a chainage 
60117.745m, 75614.481m, 74438.771m and 
122415.54m of the Daya, Kushabhadra, Devi 
and Mahanadi rivers respectively. 

The time series database files to serve 
as boundary condition were prepared from the 
available data. Daily discharge data for monsoon 
period was given as input at Naraj gauging site. 
The HD parameters, in the present study, 
included the initial conditions of water level and 
discharge, friction coefficient (n), and output 
parameter options. The global value for the initial 
condition for water level was kept at a low value 
of 0.1m to avoid dry bed conditions. River bed 
friction coefficient was taken as the model 
calibration parameter. The set up was calibrated 
by comparing the results (computed water level 
and discharge) with the observed values for one 
year. After the calibration of MIKE 11, the 
simulation was validated for the same time 
period by taking the data of the next consecutive 
years for different gauge stations. The simulation 
of MIKE11 gives good results after it is calibrated 
(Manoranjan 2018). 

For the calibration of MIKE11 HD model, 
the manning’s roughness coefficient, n of the 
riverbed and the floodplain were used as the 
calibration parameter. The simulated water level 
at five gauge stations viz. Alipingal, Cuttack, 
Daleighai, Marshaghai and Machhagaon were 
compared with the corresponding observed 
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values. Initially, the setup was simulated using 
the default values of HD parameters. The default 
global value for n is 0.033 for the riverbed. 
Initially, during simulation, the computed 
discharge and the water level at all gauging 
stations were observed to be high but followed 
the same trend. By changing the global 
roughness coefficient, n from 0.033 to 0.012 and 
fixing the local roughness coefficients of all rivers 
as constant, the setup was simulated and the 
results were compared with the observed values. 
Further, the local roughness coefficient was 
varied from 0.010 to 0.120 and fixing the global 
value of n, the setup was executed during 
calibration. The final value of the calibrated 
parameters, i.e., the global value of n is found to 
be 0.012, whereas the local values ranged from 
0.013 to 0.114 (Table I) 
 

Table 1:  Local value of calibrated manning’s 
values for MIKE11 set up 

River Chainage(m) 
Mannings roughness 

coefficient, n 

Daya 0 0.056 
Serua 0 0.013 

15000 0.013 

Devi 
0 0.084 

10000 0.084 
Nuna 0 0.099 
 
 
Chitrotpala 

0 0.114 
10000 0.114 
15000 0.084 
35000 0.013 
60000 0.013 

 
 

RESULTS AND DISCUSSION 

 

Sensitivity analysis with respect to 

Manning’s roughness coefficient, n 

 

Roughness coefficient is considered as 

the most sensitive parameter in development of 

hydraulic models for flood forecasting and flood 

inundation mapping. It is usually used in 

hydrodynamic modeling as calibration 

parameter. Due to the lack of the availability of 

the roughness coefficient for this study area, it is 

found necessary to investigate the model’s 

sensitivity to this parameter. For this study 

sensitivity analysis of Manning’s roughness 

coefficient, n on water level of Mahanadi Delta 

rivers has been done for MIKE11. First, the 

analysis was done on Mahanadi river of a delta 

region at a chainage 55.61km to see the 

variation of water level with the roughness 

coefficient. It is seen that water level goes on 

increasing with increase in mannings roughness 

coefficient and decreasing with decrease in 

mannings roughness coefficient (Fig. 2).  

 

 
Fig. 2: Effect of percentage change in mannings roughness coefficient (n) on the water level 
inMahanadi river at a chainage 55.61 km 
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This increase or decrease in water level 
is influenced by two factors of Manning’s 
equation, i.e., increase in hydraulic radius and/or 
decrease in velocity of flow due to increase in 
resistance. The hydraulic radius is a cross-
sectional area divided by wetted perimeter of a 
particular section. The values of wetted 
perimeter considerably vary due to the flow 
depth at each section of river. A further analysis 
was done on different rivers of Mahanadi delta 

region at different chainage to see the variation 
of water level with the roughness coefficient. 
With respect to actual ‘n’, a 10% and 20% 
variation of ‘n’ was considered. Similar variation 
of water level with the roughness coefficient was 
obtained in different rivers (Fig. 3). It is seen that 
the effect of variation of ‘n’ is more prominent in 
Mahanadi river which is also the main river in the 
delta region.  

 

 
Fig. 3: Variation in maximum water level with respect to varying percentage of manning roughness 
coefficient in all the rivers of study area 
 

In case of Mahanadi river, variation in the 
value of n in the range of -20% and 20% results 
a variation of water levels in the range of -1.218 
m and 1.149m respectively. The variation in 
water level with respect to percentage change in 

n in different rivers of delta area is presented in 
Table 2. Sensitivity analysis shows that n 
increases as stage increases. It is concluded 
that model is sensitive to Manning’s roughness 
coefficient.  

 
Table 2: Variation in maximum water level with respect to percentage change in mannings roughness 

coefficient in different rivers of Mahanadi delta region  
 

Rivers Chainage (km) Variation in maximum water level(m) 

Mahanadi 55.61 -1.218 to 1.149 
Chitotpala 42.95 -0.957 to 0.890 
Nuna 36.80 -0.936 to 0.883 
Bhargabi 56.43 -0.243 to 0.294 
Kathajorhi Biluakhai 32.83 -0.350 to 0.563 
Serua 11.22 -0.290 to 0.498 
Devi 3.58 -0.307 to 0.548 
Kushabhadra 13.35 -0.186 to 0.328 
Daya 42.25 -0.087 to 0.132 
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