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Abstract Flooding is a worldwide phenomenon that occurs in casualties, property
destruction, and it is possibly themost destructive, severe, and recurrent natural catas-
trophe. The main input parameter for any hydrodynamic modeling is river geometry.
A discussion of a method to create river geometry by using the Cartosat-1 Digital
ElevationModel (DEM)has been carried out.Manydifficulties in distinguishing arise
in hydraulic features, which requires pre-processing of the datasets before using it
in the HEC-RAS model. The extracted geometry has been utilized in the Hydro-
logical engineering Center-River Analysis System (HEC-RAS) mapper/GeoRAS to
perform a 1D hydrodynamic flood modeling approach on the river Purna, Navsari,
India. Earlier the river geometry was extracted with the HEC-GeoRAS extension
tools available in ARC-GIS. The new HEC-RAS version 5 has been utilized in this
study. The geometry of the river includes river centerline, bank lines, flow path
lines, and cross-section cut lines which have been digitized in HEC-RAS mapper
tool without ARC-GIS being used in the current study. The R2 value of the Cartosat-
1 DEM was 0.7166 which showed the best match with the observed values. The
model output was promising and demonstrated the strong potential to extract the river
geometry using Cartosat-1 DEM especially in the data scarce regions.
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1 Introduction

Flooding is undoubtedly regarded as the world’s most destructive cause of natural
catastrophes. During rainy seasons (June–September), the Himalayan Rivers cause
flooding in 80%of the total flood-affected region in India. Inmany states of India such
as Gujarat, Maharashtra, Andhra Pradesh, West Bengal, and Orissa extreme flooding
is witnessed mostly annually during the monsoon season, affecting a tremendous
loss in properties and lives. The primary causes of flooding in India are inadequate
water systems particularly in the low land depositional area of the basins, inade-
quate river carrying capacity due to sedimentation, and inadequate flood manage-
ment techniques. To minimize flood losses, appropriate flood management practices
are needed, which in turn requires space-time flux flow variation in 1-D as well as
2-D. Few researchers have conducted studies on the hydrodynamic flood modeling
with the integration of GIS of the Indian basin river floods [1–3].

An effective model of the river flood includes a proper river bed representa-
tion and the floodplains geometry, with a precise explanation of the model input
parameters, for forecasting the magnitude of flow and the flood water level along
the river path preciously [4]. At present, software techniques have been created and
are now being modified to extract river geometry features, which are effective for
hydrodynamic modeling based on the GIS database [5, 6]. Several studies have
been conducted which attempt to address bathymetric data shortages in river flood
modeling which highly depend on Digital Elevation Model (DEM) GIS integration
obtained from remote sensing satellites or other data sets available globally [7–9].
Also, data assimilation techniques are used to recognize synthetic cross-sections
similar to river geometry [10].

With the advent of the latest computers, 1D hydrodynamic flood inundation
modeling has become simpler. Numerous studies have been performed in the past
20 years on different aspects of river hydraulics. The theory of hydraulic river flow
routing was added to numerous river basins across the globe [11, 12]. The integrated
approach of the hydraulic model such as Water RIDE, Mike 11, and HEC-RAS with
Geographic Information Systems (GIS) are the latest advancement in floodmodeling
[7, 13, 14]. The Digital Elevation Model (DEM) is used for the HEC-RAS model
extension with a GIS database to extract the river geometry for flood modeling [15].
Pathan and Agnihotri [16] have extracted the river cross-section by using the latest
HEC-RAS mapper tools for 1D hydrodynamic modeling.

In the present study, the 1D hydrodynamic approach has been carried out using
the latest HEC-RAS version 5. Cartosat-1 DEM is downloaded free of cost from the
ISRO BHUVAN web portal. RAS mapper tool available in HEC-RAS was utilized
to extract the river geometry such as center line of the river, bank lines, flow path
lines, and cross-section lines. This research demonstrates the utility of DEM in flood
modeling with the integration of GIS. This approach is the advancement of the 1D
hydrodynamic flood modeling in the data-scarce region.
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Fig. 1 Study area map

2 Study Area and Data

2.1 Study Area

Navsari city is situated on the coastal part of Gujarat near the Arabian Sea. The city
is at 20° 32′ and 21° 05′ north latitude and 72° 42′ and 73° 30′ east longitude. The
topographical area of the city is about 2210.97 km2. The study area map is illustrated
in Fig. 1. Due to heavy precipitation, the water level may rise in the study area and
the surrounding area gets inundated annually in monsoon. There is no setup provided
by the government in this region to reduce the impact of the floods.

2.2 Data

The river flow data of the last 2 decades were obtained from the Navsari irrigation
department. The two major flooding events which took place in the city of Navsari
for the years 1968 and 2004. Cartosat-1 DEM was utilized for the extraction of river
geometry which is freely available (www.bhuvan.nrsc.gov.in). The spatial projection
needs to be set in Arc-GIS for coordinate systems used in HEC-RAS [17]. The
2004 year flood data is required for validating the model.

http://www.bhuvan.nrsc.gov.in
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3 Methodology

RASMapper is a GIS function capable of collecting GIS datasets such as the center-
line of the river, bank lines, flow direction lines, and cross-section lines by river
digitalization. The following are presented input parameters for 1D hydrodynamic
flood modeling in the HEC-RAS mapper. The flow chart of the region of study is
illustrated in Fig. 2.

3.1 Extracting River Geometry

To build the river alignment within the river reach, a light blue marked line which
shows the river center line is shown in Fig. 3, which flows from upstream to down-
stream. To separate the primary river from the left and right banks of the floodplain,
the red marked lines shows the river bank lines. To regulate the flow of the river,
flow path lines were digitized presented by the red marked shown in Fig. 3. The
Green marked line shows the elevation data which was extracted from DEM, which
is perpendicular to river flow.

Fig. 2 Flowchart of methodology
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Fig. 3 Extraction of River geometry

3.2 Hydrodynamic Flood Modeling Using HEC-RAS
(Hydrological Engineering Center-River Analysis
System)

HEC-RAS is a software that describes water hydraulics flowing through common
rivers and other channels. It is a computer-basedmodeling program for water moving
through open channel systems and calculating profiles of water surfaces. HEC-RAS
identifies specific applications viable in floodplain mitigation measures [18, 19].
Saint Venant’s equation is utilized in HEC-RAS to solve the energy equation for
one-dimensional hydrodynamic flood modeling [20] expressed as,

Z2 + Y2 + 2V 2
2

2g
= Z1 + Y1 + 1V 2

1

2g
+ he (1)

where, Y 1, Y 2 indicates the water depth at cross-sections, Z1, Z2 expressed as the
elevation of the main river channel, α1, α2 demonstrates the velocity weighting
coefficients, V 1, V 2 shows the average velocities, g indicates the acceleration due to
gravity, and he expresses it as energy head loss.



178 A. I. Pathan et al.

3.3 Model Execution in HEC-RAS

Cartosat-1 Demwas downloaded from the ISROBHUVANportal for the digitization
of river geometry such as river centerline, river bank lines, flow path lines, and
cross-section lines with the arrangement of the spatial coordinate system in HEC-
RAS through the RAS mapper window along with Google map as shown in Fig. 4.
The extraction of the cross-sections presents the station-elevation data through a
geometric data window as illustrated in Figs. 5 and 6 represents river geometry in
HEC-RAS.Rivermaximumdischarge of the 2004 year floodwas used as an upstream
condition and the normal depth of the Purna river was utilized as a downstream
condition in HEC-RAS, the rugosity coefficient is taken as per [21], and steady flow
analysis was carried out for flood modeling.

Fig. 4 Extraction of River geometry in RAS mapper with google base map

Fig. 5 Extracted river
geometry in HEC-RAS
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(a)   (b)

Fig. 6 a Water level at CS-1; b water level at CS-2

4 Results

This study is being performed in the lower part of the city. Discharge data for the
2004 year flood events has been used to simulate steady flow analysis. Due to data
scarcity in the study area and only one gauging site is available, it is mandatory
to simulate only 2004 year flood events to verify mode accuracy. Cross-sections
were extracted from DEM provides good results in the data deficient region. Flood
modeling approach in such regionwould be effective during peak flood events [6, 17].
The results from the model for the present study indicate the depth of water at each
cross-section. The discharge was measured from the gauge station near Kurel village
about 1.5 km away from the downstream side. The depth of water was measured
corresponding to the discharge of 8836 m3/s for 1D hydrodynamic flood modeling.
Results obtained from the simulation indicated that the cross-section number 1 and
2 were quite affected during peak discharge, and cross-sections 19 and 20 close to
Navsari city were more affected by the flood event. The results which were simulated
show that the water lever at cross-section one and cross-section twenty (Fig. 6). The
water level at the downstream part of the study area demonstrates that the people
surrounding cross-section number twenty were suffered more during peak discharge
and there were lots of property and lives casulities during the 2004 year flood events.
Figure 7 indicates simulated the one-dimensional flood depth map for the 2004 year
flood event. 1D hydrodynamic flood modeling would be advantageous for the region
where the flash flood is frequently occurring phenomenon annually (Fig. 8) [9].
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Fig. 7 Simulated flood depth for the 2004 years flood event

Fig. 8 Regression analysis
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4.1 Error Analysis of Cartosat-1 DEM

The error analysis of Cartosat-1 DEM was determined by the comparative analysis
of GPS elevation and DEMs grid height at 6 locations of the study area. The scatter
plot of GPS elevation and DEM grid elevation is shown in Fig. 9. The linear regres-
sion analysis indicates a clear significant correlation between the elevation given by
Cartosat-1 DEM and the GPS measured elevation at six locations. Additionally, the
R2 value of the Cartosat-1 was 0.7166, which illustrates the accurate correlation.
The gradient value of the regression line shown in Fig. 9 indicates that the value is
near 1. The error was evaluated by the difference of the elevation grid of DEM and
the GPS elevation of the six locations in the study area. The propagation of error
corresponding to the elevation of the Cartosat-1 is shown in Fig. 10. It is noted that
the negative errors were observed at two locations, which indicates that the eleva-
tion of the Cartosat-1 DEM is higher than the elevation of GPS points. Figure 11
shows the profile comparison between the GPS elevation and Cartosat-1 elevation. It
is observed that the major elevation difference was found at GPS locations number
two, five, and six. The selection of DEM will have been a great influence on flood
modeling. From the output of the model, it is noted that the river geometry extraction
from the Cartosat-1 DEM was promising and effective because the availability of
DEM data is open source. Further research would be on 2D modeling with the use
of different DEMs and comparative analysis would be required for the accuracy of
the model.

Fig. 9 Scatter plot of Cartosat-1 DEM elevation versus GPS elevation
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Fig. 10 Error propogation in Cartosat-1 DEM

Fig. 11 Profile comparison between GPS elevation and Cartosat-1 Elevation

5 Discussion

The main objective of the study was to show the applicability of Cartosat-1 DEM to
extract the river geometry and perform1Dhydrodynamicmodeling usingHEC-RAS.
Newly released HEC-RAS version 5 can extract the GIS data from the DEM, which
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indicates the advancement of the approach we have performed in the present study
[22]. 30 m resolution DEM was used for 1D hydrodynamic modeling in the study.
The 2004 year flood event is simulated and steady flow analysis was performed in
the present study. Error analysis of the Cartosat-1 DEM demonstrated the scientific
approach to the study. The present study showed the comparative analysis of the
observed and simulated water depth. Improvement of the existing cross-section with
the modification of error could be the research gap of the study [23, 24]. It is assumed
that the precipitation, infiltration process were assumed to be neglected in the HEC-
RAS.Due to the scarcity of data in the study region, less observeddatawere identified.
The study would be more accurate if more data can be collected in the future. 2D
model should be well recognized the flood extent, which was a limitation of the
present study. The flooded cross-sections work were located in the HEC-RASmodel
was based on the base map as a google earth image. However, GPS surveys could be
required to find the actual position of cross-sections.

6 Validation

The limitation of data in the study region was a major concern. The river geometry
approach presented in the study is the advancement of geospatial techniques in flood
modeling. Moreover, Only one gauging site is available near Kurel village, Navsari
for validation of simulated results for the 2004 year flood event. Table 1 depicts the
comparison between observed and simulated water depth at the gauging site, which
indicates valued and efficient results as far as accuracy is concerned. The regression
analysis of observed and simulated datasets at the gauging sites is shown in Fig. 8.

Table 1 Differences between observed and simulated water depth at Gauge station

Satellite Years Observed depth of water (m) Simulated depth of water (m) Difference (m)

Cartosat-1 2001 10.9 11.3 0.01

2002 10.23 12 0.27

2003 10.32 9.92 −0.22

2004 11.64 13.1 1.6

2005 13.3 12.32 0.92

2006 10.5 9.5 0.37

2007 10.96 11.69 −1.1

2008 9.75 7.89 0.02

2009 5.61 6.3 0.13

2010 10.9 11.3 −0.06

2011 10.23 12 0.02

2012 13.8 13.79 0.01
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7 Summary and Conclusions

The present study shows the applicability of the HEC-RAS for river geometry extrac-
tion with the application of geospatial techniques (HEC-RAS mapper tool). A 1D
hydrodynamic floodmodeling approach was presented using Cartosat-1 DEM on the
Purna river, Navsari, Gujarat, India. The new version of HEC-RAS version 5 was
utilized in the present study for GIS applications in flood modeling. River geometry
includes: river centerline, bank lines, flow path lines, cross-section cut lines were
digitized in RAS mapper tools without ARC-GIS being used in the present study.
The error analysis of Cartosat-1 DEM was performed, in which vertical differences
were evaluated between GPS elevation and Cartosat-1 elevation. The R2 value of
the Cartosat-1 was found to be 0.7166, which indicates good results. The Validation
of the model is being carried out by comparing the observed water depth with the
simulated water depth at the location of the gauging site. The output of themodel was
promising and demonstrates strong potential in the area of data scarcity for using the
suggested method. The applicability of open-source datasets would be an effective
worldwide approach in flood modeling.
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