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ABSTRACT 

One-dimensional hydrodynamic models overestimate river cross-section derived from 

freely available SRTM DEMs. The present study aims to minimize the overestimation of 

river flow. DEM-extracted cross-sections obtained from 30 m and 90 m resolutions show 

higher elevation values than the actual river cross sections of Krishna and Bhima rivers, 

India. To minimize the overestimation of the river flow, DEM-extracted cross-sections are 

modified using known cross-section of the river. The corrections for cross sections 

extracted from DEM, are obtained by subtracting the DEM-derived cross-sections from a 

known cross-section of the river. Monsoons flows that occurred in years 2006 and 2009 in 

Krishna and Bhimariver have been used for modeling. The MIKE HYDRO River model 

performance with modified DEM-extracted cross-sections of river improves as the 

correlation coefficient, root mean square error, index of agreement, Nash Sutcliffe 

efficiency & Percentage deviation in peak (%) values are improved.   

KEYWORDS: River Flow; River Cross-section; SRTM DEM; MIKE HYDRO & 

Manning’s Roughness Coefficient  

 INTRODUCTION 

Among the natural hazards (cyclones, floods, landslides, drought, volcanic eruptions, and 

earthquakes) occurring in developing countries, flood is the most prominent for study as it 



is the most frequent disastrous event. Many a time, it causes a heavy toll on human lives, 

loss to economy, geographical and geological damage to the locality. India is one of the 

worst flood-affected countries and the Himalayan Rivers have a large contribution in 

causing floods in different states. The main causes of floods in India are due to overtopping 

of river banks because of sedimentation and low carrying capacity, heavy precipitations, 

rise in water level due to cyclones and high tides, poor drainage, and management 

practices. To minimize the devastation caused by floods, information of the disastrous 

event for improving decision making, planning design, and construction activities in the 

flood-prone areas plays a vital role. Such information can be inferred from the 

mathematical modeling which simulates the spatial and temporal characteristics of the 

flood events.  

Various numerical models are used by researchers for floodplain delineation, flood 

inundation modeling, flood hazard mapping, hydrodynamic modeling, flood zone mapping. 

(Bates et al. (1995); Farooq et al. (2019); Horritt & Bates (2001, 2002); Tehrani et al. 

(2020); Kadam & Sen (2012); Patro et al. (2009); Pramanik et al. (2010); Sahoo & Sreeja 

(2017); Teng et al. (2017); Wright et al. (2008)). The flood inundation models can be 

classified based on spatial extent (lumped or distributed), dimensionality (1D, 2D, 3D), or 

mathematical complexity (dynamic wave, diffusive wave, inertial wave models, etc.) 

(Nkwunonwo et al., 2020). These models can be hydrodynamic models, empirical models, 

or conceptual models (Afshari et al. (2018); Geravand et al. (2020); Teng et al. (2017)). 

One-dimensional hydrodynamic models like HEC-RAS, ISIS 1D, MIKE 11, MIKE 

HYDRO River, SOBEK, TUFLOW 1D, are the simplest ones and require less computation 

time and effort but does not give good results with complex rivers. These models simulate 



the channel and floodplain as a series of lateral-sections perpendicular to the flow direction 

and solve either the complete or some approximation of the one-dimensional shallow water 

equations (SWEs) (Bates & Roo (2000)). 2D models solve the two-dimensional SWEs 

using the method of characteristics, finite element, or finite difference method. Models 

such as DIVAST, HEC-RAS 2D, ISIS 2D, JFLOW, LISFLOOD-FP, MIKE 21, RMA2, 

SOBEK 2D, TELEMAC 2D, TUFLOW 2D require an accurate representation of 

bathymetry, higher computational cost, and time (Horritt & Bates (2002); Mignot et al. 

(2006)) but with the advancement of remote sensing technology, these models are gaining 

popularity (Bates (2004)). 3D models such as DELFT 3D, MIKE 3, TELEMAC 3D, 

TUFLOW 3D are complex and have high data requirements than the simpler models giving 

realistic results ( Hunter et al. (2007)). Also, there are 1D/2D coupled models used in 

literature like MIKE FLOOD, MIKE URBAN, SOBEK Suite, TUFLOW Classic used by 

researchers (Fan et al. (2017); Kadam & Sen (2012); Lin et al. (2006); Patro et al. (2009)) 

for flood inundation modeling. One of the advantages of hydrodynamic models is that they 

have a direct linkage to hydrology and can account for hydraulic features and structures.  

There is difficulty in hydrodynamic modeling in developing countries because of the lack 

of data availability. The problem is encountered because of the non-availability of the high-

resolution digital elevation models (DEMs), cross-section data, and a suitable set of data 

for calibration and validation. 1D models can simulate accurately because of the accuracy 

of describing the hydraulic behavior of streams and rivers (Chen & Liu, 2017). Also, if 

high-resolution data is available 1D models are able to perform very well in larger stream 

domains (Bates (2004)). So the need has arisen for using high-resolution DEMs because 

low-resolution DEMs have the limitation of dropping out important features that affects 



fluid dynamics (Cook & Merwade (2009); Marks & Bates (2000); Omer et al. (2003); 

Werner (2001)).  

As the hydrodynamic modeling results (e.g. Yu and Lane, 2006, Horritt et. al. 2006) 

depend on the spatial resolution of DEM, one-dimensional hydrodynamic models 

overestimate simulated river level due to inherent overestimation of elevation of riverbed 

cross-section derived from freely available SRTM DEMs. Thus, the present study tries to 

minimise this overestimation of river flow using MIKE HYDRO river.  To perform 1D 

hydrodynamic modeling, on the available data set (pertaining to the Krishna and Bhima 

River) MIKE HYDRO River model was chosen because of less complexity of the river 

system, and less computational time. In 2009 heavy rain caused a flash flood in the north 

Karnataka and Rayalaseema region of Andhra Pradesh that affected nearly 2 million people 

and claimed 210 lives (Padmanabhan, 2009). The total cost of damage was estimated to be 

Rs. 128446.8 million (APWRDC 2009). Various districts of Karnataka (Bijapur, Gulbarga, 

Raichur) and Andhra Pradesh (Mahbubnagar and Kurnool) were the ones worst affected by 

the flood.  

MATERIALS AND METHODOLOGY 

Study area 

In Peninsular India, Krishna Basin is the second-largest eastward draining interstate river 

basin that lies between the longitudes 73̊ 21’00’’E and 81̊ 09’00’’E and the latitudes 13̊ 

07’00’’N and 19̊ 25’00’’N in the Deccan Plateau of states Maharashtra, Karnataka, 

Telangana, and Andhra Pradesh (Figure 1). Krishna river basin covers an area of 2.5 lakh 

km2, which amounts to nearly 8% of the total topographical area of India. The major 

contribution to the Krishna basin is by the states of Karnataka, Andhra Pradesh, and 



Maharashtra. The Krishna River originates in the Western Ghats and carries water 

discharge from the adjacent areas and finally drops discharge to the Bay of Bengal. It is one 

of the longest rivers in India with a length of around 1400 km. In the states of Telangana 

and Andhra Pradesh, the Krishna River while covering a distance of 612 km covers a 

drainage area of 76,252 sq. km. Similarly, in Karnataka, it covers a drainage area of 1, 13, 

271 sq. km with a length of merely 483 km. In Maharastra, the length of the river is 306 km 

with a drainage area of 69,425 sq. km. The major right bank tributaries of the Krishna 

River are Ghataprabha, Malaprabha, and Tungabhadra, and the major left bank tributaries 

are Bhima, Musi, and Munneru. The Tungabhadra after collecting water from nearby areas 

of 

 

Figure 1. Krishna River Basin Map (Source: Krishna Basin Profile published by CWC) 



 

Figure 2. Study Area 

 

approximately 71 thousand sq. km contributes the most to the Krishna River, whereas the 

longest river in terms of length of flow contributing to the Krishna River is Bhima. In this 

study, the station Huvinhedgi (76̊ 55’23’’E, 16̊ 29’28’’N) on Krishna River was considered 

as the upstream boundary condition (Krishna at 0.0 km chainage). A Stretch of the Bhima 

river from Yadgir (77 ̊07’31’’E, 16̊ 44’15’’N) to its confluence with the Krishna river was 

considered for this study. Yadgir station and Krishna Agraharam (K. Agraharam) (78̊ 

11’47’’E, 15̊ 55’13’’N) station on Krishna River have been considered as the boundary 

condition for the study (Figure 2). From Huvinhedgi station to K. Agraharam station the 

river had a total length of 178 km. 

Data used 

The data used in this study for hydrodynamic modeling in MIKE Hydro (River) are DEMs, 

discharge and water level time series at gauging stations, and published data related to 

flood in the study area. Time series files of discharge and water level for the years 2006 

and 2009 for Huvinhedgi and Krishna Agraharam station of Krishna River and Yadgir 

station of Bhima River for monsoon period were procured from Krishna Godavari Basin 



Organization (KGBO) Central Water Commission (CWC) Hyderabad, Telangana, India. 

For the open end boundaries in the model, at the upstream boundaries a discharge file was 

supplied, and a constant water level was specified as the d/s boundary condition. The 

discharge and water level data collected from CWC were represented as observed data in 

this study and the data predicted by the model were referred to as simulated data.  

The SRTM (Shuttle Radar Topographic Mission) DEM of the study area of 30 m and 90 m  

resolution were downloaded from www.csi.cgiar.org and https://earthexplorer.usgs.gov 

(Reston, 1993) These downloaded files were made mosaic to get the complete DEM of the 

study area. The downloaded DEM needed to be preprocessed first to fill the voids and then 

used for tracing of rivers and extraction of cross-sections for the study. 

METHODOLOGY 

Extraction of cross-sections from DEM 

River cross-sections are of prime importance for the hydrodynamic modeling of a river. 

Cross-sections of the Krishna and Bhima Rivers were extracted from the DEMs. These 

DEMs were projected at the topographic map at projection system GCS-WGS-1984 and all 

the digital elevation data were preprocessed before extracting cross-section. Rivers were 

added in the model using the add trace option available for digitizing the rivers keeping the 

topographic map of the study area as the base map.  Cross-sections were then generated at 

an interval of 2000 m for the Krishna and Bhima Rivers using the cross-section generation 

tool in MIKE HYDRO. Coordinates of the extracted cross-sections and hydraulic 

parameters of the cross-sections like hydraulic radius, conveyance, Manning’s coefficient 

are specified under the raw data option and processed data option respectively in the cross-

section tab in MIKE HYDRO. In this study, the values were kept constant for all cross-



sections to reduce the complexity of the study. Properties of all the extracted cross sections 

like move markers, resistance type, distribution, radius type, etc. of both the rivers are 

updated from the edit multiple cross-section option. The extracted cross-sections were 

corrected with respect to the cross-section available at K. Agrahatam station to obtain 

improvements in results. 

1D Model set up 

MIKE HYDRO is a one-dimensional hydrodynamic model and an integrated modeling 

shell developed by the Danish Hydraulic Institute (DHI) for catchments, rivers, and 

floodplains  (DHI 2017). MIKE HYDRO Basin and River module are the latest additions to 

the modeling of river flow using MIKE HYDRO (DHI, 2017). Basin module is used for a 

variety of tasks including management and planning of water resources within a basin and 

provides a flexible and computationally soft framework for many other applications. The 

MIKE HYDRO River module is used to solve the one-dimensional flow model for the 

river, which is essential for a large diversity of problems (DHI 2017 ). 

The dynamic model employed in MIKE HYDRO solves the Saint Venant equations,  as 

given by equation (1) and (2) using an implicit, finite-difference scheme (Abbott & 

Ionescu, 1967): 

 𝜕𝑄𝜕𝑋 + 𝜕𝐴𝜕𝑡 = 𝑞                                                                                                                         (1) 

𝜕𝑄𝜕𝑡 + 𝜕[ϒ𝑄2𝐴 ]𝜕𝑋 + 𝑔𝐴 𝜕𝐻1𝜕𝑋 + 𝑔𝑄ǀ𝑄ǀ𝑐2𝐴𝑅 = 0                                                                                         (2) 

Where: - 



Q= Discharge in cubic meter/second 

A = Area in sq. meter 

q = Lateral inflow in meter2/ second 

ϒ = Momentum distribution coefficient 

g = Acceleration due to gravity in meter2/ second 

𝐻1 = Stage above the datum 

c = Chezy’s roughness coefficient in meter1/2/second 

R = Hydraulic radius in meter 

X= Longitudinal distance (in direction of flow) 

t = Elapsed time. 

Performance indices 

For evaluating the model performance, various performance indices were used in the 

literature. In this study, the hydrodynamic model has been evaluated by different 

performance metrics i.e;  Correlation coefficient, Root mean square error, Index of 

agreement, Nash Sutcliffe Efficiency, and Percentage deviation in peak as defined by 

equation (3), (4), (5), (6), and (7). 

i) Correlation coefficient (CC):  

          CC = ∑ (Oi−Oavg )(Pini=1 −Pavg )√∑ (Oi−Oavg )ni=1  2  √∑ (Pi−Pavg )ni=1  2                                                                    (3) 



ii) Root mean square error (RMSE):  

RMSE = √1n ∑ (Oi − Pi)2ni=1                                                                                                 (4) 

iii) Index of agreement (d): 

d =1- 
∑ (𝑶𝒊−𝒏𝒊=𝟏 𝑷𝒊)        ∑   [ |𝑶𝒊−  𝑶𝒂𝒗𝒈 | + | 𝑷𝒊−  𝑶𝒂𝒗𝒈 | ]𝟐         𝒏𝒊=𝟏                                                                            (5) 

iv) Nash Sutcliffe Efficiency (NSE): 

NSE= 1- 
∑ (𝑶𝒊−𝒏𝒊=𝟏 𝑷𝒊)        ∑   (𝑶𝒊−  𝑶𝒂𝒗𝒈 ) 𝟐         𝒏𝒊=𝟏                                                                                            (6) 

v) Percentage deviation in peak (% deviation): % deviation = (𝑃𝑃−𝑂𝑃)      𝑂𝑃                                                                                                              (7) 

 

Where Oi is the observed water level at the ith hour, Pi the predicted or simulated water 

level, n is total number of observations; Oavg is average of observed water level; 𝑃𝑃 is the 

predicted peak and  𝑂𝑃 is the observed peak of water level. 

RESULTS AND DISCUSSION 

Calibration of the model using DEM derived cross-sections of 30 m and 90 m 

resolutions  

For simulating the water depth at various sections of the Krishna River, the model is 

calibrated for the period of June to November 2006. While performing the dry run for the 

model for the specified period, Manning’s roughness coefficient was varied from 0.03 to 

0.05 (Chow, 1959). The calibration was initiated from 0.03 and the final value of 

Manning’s roughness coefficient was chosen based upon the agreement of the simulated 

values with observed values. The calibrated values were found in reasonable agreement 



with the observed values for both DEM 30 m and 90 m resolution. The calibrated values 

were then used for the validation as discussed in the next section.  

Validation of the model using DEM derived cross-sections of 30 m and 90 m 

resolutions  

The calibrated MIKE HYDRO River model setup was validated for the 2009 flood event. 

The calibrated values were used to validate the model. All the model simulating parameters 

were kept the same, which resulted in predicted values close to the observed values, for the 

2006 flood event, except the boundary conditions were changed to the 2009 flood event. 

Model validation was performed by comparing the observed water levels at K. Agraharam 

station with the simulated water levels, as the data is available for this station. The 

comparison of  

 

Figure 3. Observed and simulated water levels for the validation year 2009 for SRTM 30 m 
and SRTM 90m (Before Cross-Section Correction) 
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Table 1.  Performance indices for validation year 2009 for SRTM 30 m and SRTM 90 m 

(Before Cross-Section Correction) 

 

observed water levels with the simulated values for the 30 m and 90 m  resolution DEM is 

shown in Figure 3. The performance indices for the validation event are tabulated in Table 

1. It is observed that the results obtained by the model with 90 m resolution DEM are in 

continuous over prediction with the observed values. With 30 m resolution DEM also the 

simulated values are in overprediction but the peak value was underestimated as revealed 

by the performance indices tabulated in Table 1. The simulated peak value as obtained by 

90 m resolution DEM over predicts with a percentage deviation of 0.6 (Table 1). The NSE 

value for the model was not found in a good range (Pan et al., 2013) which indicates that 

the model does not perform well with the DEM extracted cross-sections. The overpridiction 

of flows are due to extracted cross-sections from DEMs.  

New Procedure for Modification in DEM Dervied Cross Sections  

A cross-section at K-Agraharam station was available for comparison to the DEM 

extracted cross-section. The measured cross-section at K. Agraharam was compared with 

the corresponding DEM-extracted cross-sections. The cross-sections extracted from both 

DEMs have elevations greater than the actual cross-section (Figure 4a). The unmodified 

DEM-extracted cross-sections results in overestimation of simulated water level because of 

their higher elevation values. Thus performance indices can be improved further.  To 

SRTM DEM CC RMSE d NSE Percentage deviation 

in peak (%) 

30 m 0.92 2.32 0.78 0.33 -1.55 

90 m 0.92 3.84 0.74 -0.92 0.60 



reduce the error with respect to the actual cross-section, the extracted cross-sections are 

required to be modified. Pramanik et al. (2010) proposed error analysis methodology based 

on data of spot heights taken from the topographic map and the deviations of the elevation 

values of the DEM from their respective spot heights. They used root mean square 

error(RMSE) of DEM for different elevation ranges to modify the cross section. The said 

procedure is cumbersome and requires more data. Thus, an easier methodology is propsed 

to improve the performance indices of 1 D modeling. 

In Figure 4a the best fit lines are drawn for each cross-section using second degree 

polynomial. The best fit line equations for actual cross-section of K. Agraharam, derived 

cross-section of K. Agraharam from 30 m resolution DEM and derived cross-section of 

K.Agraharam from 90 m resolution DEM are given in equations (8), (9) and (10), 

respectively. The best-fit curves are shown in  Figure 4a. 
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                                          (c)                                                                                 (d)   

Figure 4. Cross- Section Corrections: (a) Cross-sections comparison derived from DEM 30 

m and 90 m resolutions with actual cross-section at K. Agraharam , (b) Correction 

Frequency plot for DEM 30 m and 90 m, (c) Cross-Section at Huvinhedgi for SRTM 30 m, 

(d) Cross-Section at Huvinhedgi for  for SRTM 90 m 
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y = 2E-05x2 - 0.0372x + 294.46                               

(10) 

The required corrections in DEM derived cross sections are obtained by subtracting Eq (8)  

from Eq (9) and Eq (10.) The river width at K. Agraharam was divided in 100 m intervals 

through out in its total width of 1700 m. The average bed level elevation correction was 

calculated in the first, second, third & so on in 100 m intervals . The average bed level 

elevation correction ranged beween 1.92 m to 6.88 m in derived 90 m resolution DEM 

cross- section. On the other hand, the average bed level elevation correction ranged beween 

6.73 m to 15.64 m in derived 30 m resolution DEM cross- section. Figure 4 (b) shows the 

correction frequency plot for the models with 30 m and 90 m resolution DEM.  

The average elevation corrections at various sections of width as discussed above at K. 

Agraharam are applied to all the generated cross-sections at the interval of 2000 m up to 

upstream boundaries. These modified cross-sections are then used for the simulation of 

river flow. Figure 4c and 4d show modified sample cross-section at Huvinhedgi for SRTM 

30 m and 90 m resolutions, respectively. 

Calibration of model after correcting derived cross-sections from 30 m and 90 m 

resolution DEM 

The modified cross-sections are used for simulations of water depth at various sections of 

the Krishna River and Bhima River. Manning’s roughness coefficient is used as simulating 

parameter and is chosen based upon the best agreement of the simulated values with 

observed values. 



Validation of model after correcting derived cross-sections from 30 m and 90 m 

resolution DEM  

The calibrated MIKE HYDRO River model setup is validated for the 2009 flood event with 

modified cross-sections. The comparison of observed water levels with the simulated water 

levels for the 30 m and 90 m resolution DEM is shown in Figure 5. The model performace 

indices are tabulated in Table 2. It is observed that the results obtained by the model with 

30 m and 90 m resolution DEM are in better agreement with the observed values. This can 

be  improved further, if more cross sections of river are known. The model with 90 m 

resolution DEM is found to perform better than the model with 30 m resolution DEM as 

revealed by the performance indices (Table 2). A similar kind of trend has been observed in 

previous studies (Tehrani et al., 2020; Timbadiya et al., 2014; Patro et al.,2009). The 

underestimation of peak values can be due to negligence of the confluence of the Krishna 

River with the Tungabhadra River. The data insufficiency for the peak values can also 

cause the underestimation of the peak values, and hence further study is required to 

understand the peak value underestimation.  
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Figure 5. Observed and simulated water levels for the validation event 2009 for SRTM 30 

m and SRTM 90 m (After Cross-Sections Correction) 

Table 2. Performance indices for validation year 2009 for SRTM 30 m and SRTM 90 m  

(After Cross-Section Correction) 

 

The results of the MIKE HYDRO River model are displayed in MIKE View. The water 

surface profile of the Krishna River from Huvinhedgi to K.Agrahram station for 30 m and 

90 m resolution DEM is presented in Figures 6 (a) and (b) respectively. The time taken for 

simulation with 30 m resolution DEM was higher than with 90 m resolution DEM. The 

peak time error (PTE) (Zhang et al., 2020) predicted with resolutions of 30 m and 90 m 

DEMs is -0.75 day, which indicates that the time of occurrence of the peak with both the 

models is same. 

 

SRTM DEM CC RMSE d NSE Percentage deviation 

in peak (%) 

30 m 0.92 2.08 0.72 0.48 -2.93 

90 m 0.95 1.51 0.88 0.73 -1.9 
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(b) 

Figure 6 Water Surface Profiles: (a) for model with DEM 30 m resolution, (b) for model 

with DEM 90 m resolution 

 

CONCLUSIONS 

In the present study, the MIKE HYDRO River model is set up and run for the 2006 and 

2009 monsoon period for the Krishna (from Huvindhegdi to K. Agraharam gauging station) 

and Bhima River ( from Yadgir to the confluence with Krishna River) using 30 m and 90 m 

DEM resolutions. The following conclusions are drawn: 

 Manning’s coefficient is used as the simulating parameter to perform the 

hydrodynamic modeling of the river reach. The global Manning’s rougness coefficient 

value of 0.03 is found to be most appropriate as the results obtained with this value were in 

best agreement with the observed data  
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 The CC, RMSE, d, NSE & Percentage deviation in peak (%) values for predicted 

river flow obtained form 30 m resolution SRTM DEM are 0.92, 2.32, 0.78, 0.33 and -1.55, 

respectively. The CC, RMSE, d, NSE & Percentage deviation in peak (%) values for 

predicted river flow obtained form 90 m resolution SRTM DEM are 0.92, 3.84, 0.74, -0.92 

and 0.60. The CC values are same for both DEMs, however, other parameters are better for 

30 m resolution SRTM DEM. Thus, the model performance on unmodified DEM-extracted 

cross-sections of river from SRTM DEM 30 m resolution is better in comparison to SRTM 

DEM 90 m resolution. 

 The cross-sections extracted from both DEMs have elevations greater than the 

known cross-section of the station, therefore unmodified DEM-extracted cross-sections 

results in overestimation of simulated water level because of their higher elevation values  

 A new methodology for modification in SRTM Dervied Cross Sections is 

developed which is easier to apply and requires only one known cross- section of river.  

 This method is computationally efficient as compared to the method adopted by 

Pramanik et al. (2010) in which data requirements are high.  

 The model performance with modified DEM-extracted cross-sections of river 

improves as the CC, RMSE,  d, NSE & Percentage deviation in peak (%) values for SRTM 

DEM 30 m resolution are 0.92, 2.08, 0.72, 0.48 and -2.93. The CC, RMSE,  d, NSE & 

Percentage deviation in peak (%) values for SRTM DEM 90 m resolution are 0.95, 1.51, 

0.88, 0.73 and -1.9. 

 The model performance with modified DEM-extracted cross-sections of river 

SRTM DEM 90 m resolution is better in comparison to SRTM DEM 30 m resolution. 



 The modified DEM-extracted cross-sections results in closer estimate of simulated 

water level. 

 The computational cost for 90 m resolution DEMs is  5% less in comparison to 30 

m. 
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