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Introduction
Flood is associated 
with a serious loss of 
life, property and 
damage to utilities.
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Event-1 The man-made embankments of river Kosi failed 

and Flooded north Bihar, India during 18 August 2008 

434 Dead bodies were found until 27 November 2008
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Event-2
 In June 2013, a multi-day cloudburst centered on the 

North Indian state of Uttarakhand caused devastating 
floods and landslides in the country's worst natural 
disaster since the 200 4 tsunami more than 5,700 
people were "presumed dead. Destruction of bridges 
and roads left about 100,000 pilgrims and tourists 
trapped in the valleys 
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Event-2 
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Challenge for Water Resource 
Engineers and Scientists
 Today, with modern equipments and radars we should 

have been able to predict the floods and expected 
inundation much earlier and stopped these human 
disasters
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Important Questions to be answered

 Where the floodplain and flood-prone areas are?

 How often the flood plain will be covered by water?

 How long the flood-plain will be covered by water?

 At what time of year flooding can be expected?
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To modify SWAT model for real time flood forecasting  and apply 

modified SWAT  model for real time flood forecasting of river basins 

using web based data,

To  enhance the forecast lead time by incorporating the rainfall 

forecast issued by IMD and assess its accuracy. 

To map expected inundation, and flood zonation by integrating 

SWAT outputs into HEC GeoRAS and HEC-RAS models 

Objective of the study



Real Time Flood Forecasting and Flood Plane Zoning System

COPONENTS 
 The Real Time Flood Forecasting and Flood Plain Zoning  

System usually consists of one or more of the following 
components:

1. Rainfall Runoff Model.

2. Runoff Routing Model.

3. Error Analysis  and Updating Technique

4. Hydrodynamic model for channel routing

(HEC-RAS)

5. Generating TIN and delineating flood plain
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METHODOLOGY USED IN PRESENT STUDY
1

. 

1. Watershed delineation using SRTM 

DEM

2. Formation of HRUS

3. Writing input tables

4. Runoff generation using Green Ampt 

Method

5. Developing subroutines and 

modifying SWAT for real time flood 

forecasting application



Models for Forecasting
 Statistical/ Black box

 Correlation

 UH Based

 Stochastic (ARMAX) 

 Conceptual (Water Balance) 

 SWAT 

 HEC-HMS  



Methods for Flood Forecasting

 Simple correlations  

 Use very little data

 Only gauge data is sufficient

 Work very well for reaches that have very 

small contribution from rain



Physically Based Models
To use the equations of mass, energy and momentum to 

describe the movement of water over the land surface and 
through the unsaturated and saturated zones.
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Ways to enhance the forecasts

 Enhanced forecasts require data on 

rainfall 

 To incorporate the contribution of 

the catchment

 To incorporate the impact of spatial 

variability

 Forecast lead time increases on 

account of catchment lag 

 Addition to lead time is possible 

through precipitation forecasting  



Typical flood forecasting 
situation
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Gamma Distribution UH Method
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Model Set up for study area
Data sets used

 The SWAT model requires data on terrain, land use, 
soil, and weather for assessment of inflows and 
outflows of reaches. Following datasets have been 
used for setting up of the SWAT model:

 (1) DEM – SRTM (90 m resolution)

 (2) Landuse – Global USGS (2 M)

 (3) Soil – FAO Global soil (5 M)

 (4) Rain gauges /Temperature gauges – IMD

 (5)Stream Gauges – CWC
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Study Area



INPUT DEM
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Division into subbasins
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Soil Details
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SEQN SNAM NLAYERS HYDGRP TEXTURE SOL_AWC1 SOL_K1 CLAY1 SILT1 SAND1

3663 3663 2 C LOAM 0.117 35.65 24 35 42

3664 3664 2 C LOAM 0.157 28.52 17 36 47

3682 3682 2 D LOAM 0.175 7.77 24 36 40

3684 3684 2 C LOAM 0.175 13.92 22 38 41

3695 3695 2 C LOAM 0.175 14.96 20 40 40

3743 3743 2 D LOAM 0 6.48 18 44 38

3761 3761 2 C LOAM 0.175 24.73 20 34 46

3808 3808 2 D LOAM 0.175 6.17 21 35 44

3851 3851 2 D CLAY_LOAM 0.137 7.17 27 35 37

Table-6.2 Soil properties



GAUGE STATIONS
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y = 4E-09x3 - 1E-05x2 + 0.0182x + 38.219
R2 = 0.9605
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y = 4E-07x3 - 0.0002x2 + 0.0567x + 44.834
R² = 0.936

44.000

45.000

46.000

47.000

48.000

49.000

50.000

0.000 50.000 100.000 150.000 200.000 250.000 300.000

S
ta

g
e
 i

n
 M

Discharge in Cumecs

Stage-Discharge for Benibad



Results
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Calibration Results
 Seventeen parameters were selected for sensitivity 

analysis, calibration, validation and uncertainty 
analysis to be carried out by SWAT-CUP4 using SUFI 
algorithm. On the basis of global sensitivity analysis it 
can be concluded that most sensitive parameter is 
CN2.mgt followed by GW_DELAY, CH_N2.rte, 
ESCO.hru, HRU_SLP.hru, GWQMN.gw, 
GW_REVAP.gw and SURLAG.bsn. P-factor and r-factor 
for calibration were found to be 0.74 and is 0.44 
respectively, which are very much within the range 
recommended for a perfect model. Seventy four 
percent observed and simulated values lie in 95PPU. P-
factor and r-factor for validation period are 0.63 and 
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Validatio for monthly flow
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Model Performance Test

 The correlation statistics (R2) was determined to 
measure the linear correlation between the actual and 
the predicted values and it was found to be 0.93 which 
indicates the best performance of the model. 

 R 2 =  = 0.96  



 To estimate the efficiency of the fit, the Nash-Sutcliffe 
coefficient (Nash) (Nash and Sutcliffe, 1970) was used. 
It was found to be 0.96 which indicates the best 
performance of the model.



 Nash = 1 - = 0.75
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Daily Flow Valdation
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Flow Hydrograph Daily 
Simulation
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Valdation for daily flow 2010
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Validation for hourly flow
NE = 0.72
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Validation Graph
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ERROR ANALYSIS
 Time series analysis of errors in hourly 

simulations/forecasts has been performed. An ARIMA 
model developed for forecasting error has been 
deployed for correcting simulated/forecasted hourly 
flows. Integration of simulation capability of SWAT 
model and error forecasting capability by time series 
analysis has been done for solving the problem of real-
time flood forecasting
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Error 2004 Simulation
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Error 2004 hourly simulation
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Error analysis of 2004 flood 
event

ARIMA Model Parameters for error analysis for hourly 
simulation of year 2004

 ARIMA Parameters

 B1(LAG1)= 1.3153

 B2(LAG2)= -0.0162

 B3(LAG3)=-0.3013
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Error Analysis
 There are 600 observed and simulated values. Four 

hundred data have been used for determining ARIMA 
model parameter and two hundred forecasted errors 
have been determined. Nash Sutcliffe coefficient 
before correction for forecasted period of error was 
0.64 and after error correction it is 0.795.ARIMA 
model parameters are given below.



 b =    1.3153,   -0.0162,    -0.3013

 Z(t)= 1.3153*Z(t-1)-0.0162*Z(t-2)-0.3013*Z(t-3)

05-08-2014 67



05-08-2014 68

0

100

200

300

400

500

600

700

800

900

1 11 21 31 4
1 51 6
1 71 8
1

9
1

10
1

11
1

12
1

13
1

14
1

15
1

16
1

17
1

18
1

19
1

20
1

21
1

22
1

23
1

24
1

25
1

26
1

27
1

28
1

29
1

30
1

31
1

32
1

33
1

34
1

35
1

D
is

ch
a

rg
e

 i
n

 c
u

m
e

cs

2-Aug                                      Time in hour                      22Aug

Hourly Simulation 2nd August-22nd August-05

OBS

SIMCorrected

SimOld



Hourly 2005
 ARIMA Model Parameters for error analysis for hourly 

simulation of year 2005

 ARIMA Parameters

 B1(LAG1)= 0.6056

 B2(LAG2)= 0.1792

 B3(LAG3)=0.0988
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Real time flood forecasting 
graph
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Real time forecasting graphs
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Real time forecast
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Forecast generated at Benibad for July 
2004 event
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Forecast generated at Benibad for July 
2004 event
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Real time flood forecasting Graph
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Real time flood forecasting of Haya
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Hourly Discharge
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SUMMARY AND CONCLUSIONS

05-08-2014 80

(1)Increase in lead time(cathment response delay+travel time in channel)

(2)Application possible in ungauged cathments also

(3)Sediments,water quality and land use can be modelled on real time basis

simultaneously

(4)Physically based

(5)Easy in adaptability

(6)Capable of modelling snow melt, percolation, lateral flow and base flow

(7)Parsimonious

(8)GIS based

(9)Inundation mapping and flood zonation easily possible

(10)Easy updating of catchment characteristics

(11)Capable to incorporate rain fall forecast of IMD and increase lead time

(12)Increase in accuracy

(13)Capable of generating synthetic sub-hourly hydrographs



CONCLUSIONS
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As outcome of the present research work it can be 

concluded that Modified SWAT model combined 

with time series error forecasting ARIMA model and 

HEC-RAS hydraulic model can be used as an 

efficient tool for real-time flood forecasting and 

inundation mapping. Modified SWAT model 

reproduces stream flow hydrographs reasonably 

under multiple storm events and can be used as a 

real-time flood forecasting tool with enhanced lead 

time. Rainfall forecast can further increase the 

forecast lead time. 



Thank You

END
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