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Abstract— Freshwater-related risks of climate change including 

that of extreme weather events such as floods, will increase 

significantly with increasing greenhouse gas concentrations 

(IPCC 2014). Hydrological modelling is an effective method for 

quantifying the peak flood and area inundated by floods. The 

present study is an attempt to create an open source software 

system to estimate basic hydrological components from freely 

available topographical data, which can be used for estimating 

flood peak from a given rainfall event. This tool consists of two 

parts: Terrain processing part and Hydrological modelling part. 

Terrain processing part includes basic hydro processing 

functions such as fill sinks, flow direction, flow accumulation, 

stream definition and watershed delineation from given Digital 

Elevation Model (DEM). All the processes are automatic, only the 

raw DEM raster file and outlet shape file is needed as input. 

Output of the terrain processing is used as input of the 

hydrological processing section. The created GIS files can read in 

any open source freely available software such as QGIS or 

ILWIS. Hydrological modeling part consists of two parts: 

transformation method and flood routing. Synder’s unit 

hydrograph method is implemented as rainfall-runoff 

transformation method. Muskingum’s method is used as flood 

routing method. This tool is able to find the flood peak discharge 

for individual sub-watershed of a basin. The tool has been 

developed in Python scripting language, resulting this is machine 

independent and have more scope for further development by 

including more methods for runoff estimation and flow routing.    

Keywords: Flood peak, hydro tool, DEM, Python, flood routing 

I.  INTRODUCTION 

A. Hydrological Modeling and Flood hazard 

The description of earth surface, processes and their response 

to our environment, these are always a research topic for any 

hydrologist for more than a century.  The distribution and 

circulation of water into biosphere, lithosphere and 

hydrosphere is part of hydrological and hydrodynamic 

research. Open channel hydraulics with remote sensing and 

GIS1 technology and its computer based advanced application 

is recent trend of hydrological analysis1.  

Flood is a very common and natural disaster phenomenon in 

Indian sub-continent. It causes lot of losses in socio economic 

resource. Flood is associated with many kind of disaster and 

its post effect is also long term for human life and economic 

life. Flood damages and losses are dependent upon our society 

condition which means preparedness for hazard.  

B. Role of Remote Sensing & GIS1 in Hydrological studies 

Remote sensing plays a vital role in hydrological and 

hydraulic modelling studies. Though hydrological modelling 

needs very precise data from field but RS 2  data helps to 

produce various kind of information in spatial and temporal 

form. The satellites like GEOS3, TRMM4, NOAA5, INSAT6 

                                                           
1 Geographic Information System 
2 Remote Sensing. 
3 Geostationary Satellite, USA. 
4 Tropical Rainfall Measuring Mission, Japan. 
5 National Oceanic and Atmospheric Administration, USA. 
6 Indian National Satellite, India 
7 Shuttle Radar Topography Mission, USA. 
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etc. are used for measuring cloud information and also 

indirectly plays a very important role in hydrological 

modelling for a un-gauged station. DEM is a very important 

data for any kind of hydrological modelling.   

Different project from NASA like SRTM7, ASTER8 and DEM 

from Cartosat-1 stereo pair or Carto-DEM are most valuable 

things from remote sensing data for hydrological modelling 

from where we can retrieve flow direction, flow accumulation, 

channel network, catchment area etc. 

 Any kind of modelling is a virtual representation of the real 

world. We need spatial data base and non spatial database for 

modelling approach. On GIS platform we can store, analysis a 

large amount of data set both spatial and non spatial very 

easily and also analyze the remote sensing data very easily for 

hydrological modelling. 

C. Importance of the study 

The study of flood peak estimation of a river basin is fulfilling 

multi-disciplinary objectives. Normally a flood has two main 

attributes: 

i) Magnitude of the flood peak and 

ii) Stage of the peak (Subramanya, 2013) 

The peak discharge rate is very important for designing 

spillways of dams, barrages and capacities of bridge and 

culvert waterways. The stage of the flood peak is important in 

estimating the extent of inundate area; deciding the elevation 

of bridge, road and deciding the minimum elevation of the 

structure in flood plain area. Free and open source 

hydrological tool goes on play an important role for any river 

basin because of the integration of GIS and hydrological parts. 

     

II. STUDY AREA AND DATASETS 

A. Study Area 

The Asan River watershed is located between 30°14'14''N to 

30°29'54''N latitudes and 77°39' 42''E to 78°05'30''E 

longitudes, Dehradun district, Uttarakhand, India as shown in 

Figure 1.1 (Garg et al., 2012) has been selected as test 

watershed for this study. It covers an area of approximately 

681.15 km2. The maximum and minimum elevation has found 

in the study area is 350m and 2227m above mean sea level 

respectively. It is an asymmetrical synclinal kind of valley 

bounded by Lesser Himalayan range and the Siwalik hills in 

the northern and southern part of its respectively 

(Kiriwongwattana & Aggarwal, 2012 and Garg et al., 2012). 

 

 

 

 

                                                                                                     
8 Advanced Space borne Thermal Emission and reflection 

Radiometer, ASTER. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: Location map of ASAN river watershed 

B. Datasets and software 

i.  DEM 

The ASTER GDEM, generated by JAXA 

(www.gdem.ersdac.jspacesystems.or.jp), supplied by Indian 

Institute of Remote Sensing (IIRS), Water Resource 

Department (WRD), is used for the basin characteristic 

analysis. DEM based hydro processing is done to create 

watershed delineation, drainage line processing and sub-basin 

area. 

 
Table II-1: ASTER DEM AND ITS CHARACTERISTICS 

Top left corner Lat: 31⁰30’00’’ Long: 77⁰41’0” 

Bottom right corner Lat: 31⁰15’00’’ Long: 78⁰7’0” 

Area 725 km2 

Spatial Resolution 30 m 

Vertical Resolution +/-15 m 

ii. Soil Map 

Soil map of Asan watershed originally prepared by National 

Bureau of soil survey and land use planning (NBSS-LUP) and 

modified by IIRS has been used for the hydrological 

simulation and the loamy and clay loam being the dominant 

soil classes.  

iii. Hydro-Metrological Data 

Hydro-metrological data are used for calculating the effective 

rainfall hyetograph. The daily data of 2010 monsoon is used 

for present work from weather stations of IIRS, Forest 

Research Institute (FRI) and Selaqui research farm. 



OOSSGGEEOO--IInnddiiaa::  FFOOSSSS44GG  22001155  --  SSeeccoonndd  NNaattiioonnaall  CCoonnffeerreennccee  ""OOPPEENN  SSOOUURRCCEE  GGEEOOSSPPAATTIIAALL  TTOOOOLLSS  IINN  CCLLIIMMAATTEE  CCHHAANNGGEE  RREESSEEAARRCCHH  AANNDD  

NNAATTUURRAALL  RREESSOOUURRCCEESS  MMAANNAAGGEEMMEENNTT””    88--1100TTHH
    JJUUNNEE  22001155  

 

3 | P a g e  

http://foss4gindia.in/ 

 

iv. Land Use Land Cover 

The land use pattern in the basin is Evergreen Needle Forest 

(about 7-8 %) and deciduous broad leaf forest (about 50%). 

Rest of the area is covered with the cropland (about 27-28 %), 

Water bodies (about 6.34%), Built-up area (about 3-4 %), 

Fellow Land (about 1-2%), Plantation (about 2-3 %). 

v. TauDEM 

TauDEM is an open source tool by which the DEM-Hydro 

processing is easily done for this tool. In this tool TauDEM 

command mainly used in python environment for DEM 

processing. This is also works with Arc GIS environment and 

also independently. TauDEM use to carry a very important 

partfor the hydro tool (Tarboton, 2013). 

vi. Python scripting language and libraries 

Python is a very powerful language and it is very important 

libraries like GDAL, OGR, Shapefile, Numpy, Matplolib and 

Sys are very helpful to make this tool. It is very useful for both 

the spatial and non-spatial data handling and makes the work 

easier. 

vii. PyQt 

PyQt or Qt designer is mainly used for the GUI design. This 

software is very much user friendly and it makes easy for 

working on the python environment. But there is a limitation 

of this open source software that raster data visualization is 

very much complex on PyQt viewer and for this reason 

visualization part of the raster data is done in QGIS (PyQt4, 

2013). 

III. METHODOLOGY 

A. Hydro processing 

The methodology is divided into two parts, in first part 

watershed physical characteristics were derived using open 

source hydro processing tool.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.1: Flow chart for DEM hydro processing  

i. DEM FILL 

Pits or sinks are low elevation area which area surrounded by 

high elevation area. Actually these areas are “no data” 

elevation values. Dem fill or pit remove is a very first and 

important part of any hydrological feature identification and 

extraction. Through this process DEM becomes hydrologically 

conditioned from where we can calculate flow direction, flow 

accumulation correctly. Pit removal operation fills “no data” 

value with a meaningful elevation value. 

ii. Flow Direction 

The simple and widely used method is D-8 method (Callaghan 

and Mark, 1984) for flow direction deriving from digital 

elevation model. 

iii. Flow Accumulation 

The flow accumulation process operates a cumulative count 

of the pixels count that naturally drains into outlet. From flow 

accumulation grid map we can find the drainage pattern of the 

watershed. Flow accumulation algorithm uses a recursive 

function for the outlet pixel and it calls recursively for all the 

pixels that flow to the outlet pixel. To calculate the flow 

accumulation grid, it takes the flow direction grid as an input.   

iv. Longest Flow 

It calculates the longest flow path along the D-8 flow 

direction to each grid cell. In TauDEM command line it takes 

input the D-8 flow direction grid and gives three output 

successively longest flow path, the total length of the flow path 

and the grid network order (Stroller’s method). 

v. Stream Frame 

In TauDEM tool stream network function is little different. 

It creates a stream skeleton from the hydrologically corrected 

DEM according to the Douglas- Peuker algorithm. This 

algorithm is used for reducing the number of points in a curve 

that is approximated by a series of points and a distance value 

(d). This algorithm automatically finds the end points and 

simplifies the curve by eliminating the successive points less 

than ‘d’ (John Hershberger, 1992). 

vi. Stream Grid Delineation 

For stream grid delineation TauDEM used the above 

mentioned algorithm. The stream delineation command 

evaluated weighted contributing area of the stream skeleton 

grid and using stream drop analysis it is apply the range of 

threshold to weighted contributing area to apply the appropriate 

threshold for the stream definition. 

vii. Stream Network and Watershed Delineation 

In this process stream network shape file and watershed 

grid will generate and using TauDEM command line this 

process takes hydrologically corrected DEM, flow direction 

and D8 contributing area and gives the stream network and 
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watershed grid (Fig.2.2) as an output also stream tree file and 

coordinate file will generate as a .dat file.  

viii. Watershed grid to Shape file 

The present work uses the OGR and GDAL library from 

python to make raster to vector conversion and it will generate 

the watershed shape file from where we can calculate the area 

and area of different sub-basins of this watershed. 

 

 

 

 

 

 

Figure 2.2: DEM based stream network and watersheds  

After watershed delineation, some basin characteristics were 

derived using OGR library of python language e.g., basin area, 

basin centroid, longest flowpath and hydro junctions. 

B. Hydrological Model 

Second part of the tool consists of hydrological modelling i.e., 

peak hydrograph estimation and flow routing. Fig.2.3 shows 

the flow chart of overall approach used in the present study. 
 

 

 

 

 

 

 

 

 

 

 

Figure 2.3: Methodology for flood peak estimation 

In this work unit hydrograph method is opted for flood peak 
estimation of Asan watershed, specifically Snyder’s Unit 
Hydrograph method is implemented in this tool. 

i. Snyder’s Unit Hydrograph 

Snyder (1938) gives this idea for ungauged watershed to 

measure the discharge. In this method basin lag and excess 

rainfall duration play most important role to make discharge of 

the channel. For Snyder’s synthetic unit hydrograph some 

basin parameter has to be considered that is Ct (regional 

constant) and Cp (storage co-efficient) (Weaver & Carolina, 

n.d.). For more details refer to Subramanya (2013). 

ii. Flood Routing 

Through hydrograph we get the discharge of the channel 

with respect to time. Flood routing is a technique to determine 

the flood hydrograph at a section of a channel by utilizing the 

discharge data of the flood hydrograph at single or more 

upstream (Subramanya, 2013). In this work, we have 

implemented the hydrologic routing using Muskingum’s 

method (Subramanya, 2013) 
 

IV. RESULTS AND DISCUSSIONS 

A. DEM processing result 

This hydro tool is made for both terrain processing for 

hydrological analysis and flood peak estimation. It gives result 

for the DEM-hydro processing, steam generation and 

watershed delineation as shown in figures 3.1 and 3.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.1: User interface for DEM hydro processing 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: Drainage line visualize in QGIS 

When we get the watershed shape file, basin processing is 

done to get the individual sub-basin area, basin centroid (for 

two methods), longest flowpath and junction creation. It 

independently works for both spatial and non-spatial data.  
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In this part TauDEM result is validated with the Arc-hydro 

and Geo-HMS results. There are no changes in full watershed 

area, only stream line is different for the different threshold 

values. 

B.  Hydro tool result 

Single storm unit hydrograph of each sub-watershed was used 

for the testing of this hydro tool. Snyder’s unit hydrograph 

method was used for the discharge calculation and 

Muskingum flood routing method was opted for the channel 

flood routing. Fig. 3.3 shows the runoff generation from given 

rainfall data. 

 
 

 

 

 

 

 

 

 

 

Figure 3.1: Tool interface for hydro processing 

To estimate the unit hydrograph for individual sub-basin, it is 

needed to select the sub-basin and corresponding stream ID 

and the tool will give the area of the sub-basin, length of the 

river and its centroidal distance. Snyder’s Unit hydrograph 

method was applied for transformation method and user 

defined excess rainfall will create the same coordinate (like 1 

hr. or 2 hr.) Here unit hydrograph is generated on the basis of 

basin morphological characteristics.  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 3.4: 2 hours Snyder’s Unit Hydrographs of different Sub-basins 

This unit hydrograph now can be used for generation flood 

direct run off hydrograph (DRH) using any duration of 

effective rainfall hyetograph (ERH). This DRH can be 

combined with base flow data to get final flood hydrograph 

including peak flow values. The generated flood hydrograph 

was routed with Muskingum flood routing method for the next 

flow at next junction. 

According to Muskingum method, we are giving the ‘K’ and 

‘x’ value and we decide time for routing. In this processes it 

takes the discharge value as an input and gives the outflow 

result and through matplotlib library (fig. 3.4) it plots a graph 

and user can save it as an image file. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4: Hydrograph and flood peak discharge for the sub- basin no. 60. 

C. Future Scope 

There are plenty of developmental scopes for this hydrological 

tool. This is very initial stage of development for this tool. 

First thing that here it takes the outlet shape file which is pre- 

determined it means user should have the outlet shape file for 

the river basin for watershed delineation. In this project 

transformation method and routing method are applied for 

discharge and outflow generation of sub-basin. In future, 

NRCS Curve Number (CN) method can also can applied in 

loss method and SCS unit hydrograph, user defined unit 

hydrograph, Clark unit hydrograph; Kinematic wave can be 

added in runoff transformation method. Muskingum- Cunge, 

Kinematic wave, Modified puls, these flood routing methods 

can be added in this tool. This project works for sub-basin 

simulated discharge but can be extended to measure simulated 

flood peak discharge for the whole watershed. This tool is 

unable to do time series analysis for discharge rate and is 

unable to plot the hyetograph with the flood hydrograph; this 

area can be marked for future development. In this tool there 

is no visualization window for both raster and vector file, now 

it is dependent on QGIS for visualization, so this can be done 

with development and improve this tool. Further this tool can 

be added directly in QGIS as flood peak estimation plugin. 
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