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1 INTRODUCTION 
 
Floods constitute one of the major national calamities faced by India almost every year 
resulting in substantial loss of life, large scale damage to property, disruption of 
community lifelines besides entailing untold misery to the millions. Concerted efforts 
have been made over the years to reduce the damage due to floods and mitigate the 
sufferings of the people. Various structural flood control measures were taken up in 
the past including construction of reservoirs, embankments, drainage channels, etc. It 
is, however, now realised that absolute and permanent protection to all flood prone 
areas and for all magnitudes of floods by structural measures alone is not only 
impossible but also not economically viable. The emphasis has therefore been rightly 
shifted to non-structural measures like Flood Plain Zoning and Regulation, Flood 
Forecasting, etc., to effectively supplement the structural measures for providing 
sustainable protection to flood affected areas. The broad concept in flood plain zoning 
is to regulate the land use in order to mitigate the damage potential. The role of flood 
plains and need for flood plain zoning was recognized by the Central Water 
Commission (CWC) as early as 1975. CWC had prepared a Model Floodplain Zoning 
Bill for adaptation by states but it did not receive due attention of states. 

 
 
In pursuance to the directions contained in the judgment passed by Hon’ble NGT a 
Report on identification and demarcation of the flood plains of river Ganga in segment 
B of Phase- I (Haridwar to Unnao) was prepared by CWC in 2019. Subsequently, the 
Irrigation and Water Resources Department, Govt. of UP has approached NIH 
Roorkee to carry out the study “Flood plain zone delineation from Unnao to Balia” as 
per direction given by Hon’ble NGT. This study was originally envisaged with similar 
methodologies as used by CWC in the earlier study for the Ganga River in the stretch 
of Haridwar to Unnao. However, as per direction given by Hon’ble NGT it was 
decided to first demarcate the flood plain corresponding to once in hundred years 
return period (REGD. NO. D. L.-33004/99; 2016). 

 
 
2 OBJECTIVES AND SCOPE OF WORK 
 

The following tasks are to be carried out by NIH, Roorkee for this study. 
a) Estimation of floods of various return periods viz. 2 year, 3 year, 10 year, 25 

year, 50 year and 100 year at different gauging sites based on flood frequency 
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analysis 

b) Flood Plain Demarcation based on Satellite Data/Images. 

c) Flood Plain Demarcation based on hydraulic modelling. 

d) Demarcation of flood plain by combining results of Satellite Data/Images and 

hydraulic modelling. 

 
3 STUDY AREA AND DATA 
 
The study reach of Ganga river from Unnao to Balia is shown in Figure 1. The length 

of river stretch is about 700 km and 30 km buffer zone is also demarcated for analysis. 

 
Figure 1:  Index Map of the Study Area 

 
3.1 Data 
The locations of G&D sites (CWC) and contributing catchment area is shown in Figure 

2. The long term annual maximum data and water level are available at six G&D sites. 

Details are given in Table 1.  
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Figure 2: Location of G&D sites and their catchment area 

 

Table 1: Summary of data availability at various G&D sites. 

SN HO Site Data available 

1  Kanpur 01/01/1974   to 28/02/2023 

2  Bhitaura 01/01/1974   to 31/07/2023 

3  Chhatang 
Allahabad 

03/07/1970   to 20/07/2023 

4  Mirzapur 01/06/1976   to 04/07/2023 

5  Varanasi 01/01/1968   to 30/06/2023 

6  Buxar 01/01/1974   to 15/08/2023 

 

River cross-sections at these CWC’s HO locations are provided to NIH. Further, river 

cross-sections at 25 locations surveyed by AECOM are also made available. In 

additions cross-section survey at 19 locations are carried out for this study.  The 

LiDAR DEM (Digital Elevation Model) prepared by the survey of India under the 

National Hydrology Project (NHP) for improved flood hazard mapping and other 

planning purposes was also made available. As per survey of India the DEM is of 0.5 

m vertical accuracy and having 1m X 1m grid size.  Extent of DEM and location of 
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surveyed Cross-sections are shown in Figure 3. Moreover, as per recent direction of 

Hon’ble NGT attempts are being made to obtain 1 m contour data of the area from 

SOI. These DEM doesn’t capture topography under water as shown in Figure 4 and 

ANNEXURE-I. Hence these surveyed river cross-sections are also important for 

hydraulic modelling for proper representation of conveyance (discharge capacity of 

river). 

 
 

Figure 3: Extent of DEM and location of surveyed Cross-section 

 
Figure 4: Comparison of river Surveyed River cross-section with DEM (SOI) 
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4 METHODOLOGY 
 
The study will be carried out with the same methodology as used by Central Water 

Commission (CWC) in the study for river Ganga from Haridwar to Unnao (Phase-I). 

Three Types of Approaches will be used for flood plain zoning viz. 

a. Satellite 

b. Hydraulic Model - HEC RAS 

c. Hybrid 

First, the flood frequency analysis will be carried out for various gauging sites in the 

study reach using various frequency distributions to estimate floods of various return 

periods up to 100-year return period. 

 

4.1 Satellite base approach 
 

The Joint Research Centre-European Commission has analyzed Landsat multispectral 

satellite images of the past 37 years (1984-2021) for deriving the frequency with which 

water returns from year to year i.e. recurrence interval. The same will be used in the 

study through the Google Earth engine platform. The flood inundation Extent of recent 

years as per availability (RSAC-UP/ NRSC) will be analyzed with reference to return 

period floods. 

 

4.2 Hydraulic Model approach 
 
HEC-RAS, a hydraulic model developed by the USACE, is extensively applied in 

calculating the hydraulic characteristics of rivers. HEC-RAS model needs details of river 

cross sections (for 1-D modelling) and DEM (for2-D modelling and flood inundation 

mapping) apart from boundary conditions (discharge, water level etc.).The latest update 

on the program, HEC-RAS 6.5 includes capabilities to model the hydraulics both one 

and two dimensionally is used for this study. The HEC-RAS model is setup using: 

• Upstream branch to provide constant flood magnitude equal to the given return 

period at upstream boundary (Unnao). 

• Downstream boundary as normal depth at downstream of Balia. 

• Flood plain bathymetry (DEM), River cross-section for routing the flows between 

Unnao and Balia. 

• Different locations (G&D sites) flow is added to match the estimated flood of 
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corresponding return period at the intermediate gauging sites (Bhitaura, 

Chhatnag_Allahabad, Mirzapur, Varanasi, Buxar). 

 

The HEC-RAS model will provide inundation extent for various return periods 

(corresponding to discharge) 

 

4.3 Hybrid approach 
The results of satellite analysis and modelling have their own limitation. Satellite may 

not cover the full flood event and model results are subjected to DEM quality. 

Therefore, hybrid approach will combine both the results by taking union of the areas 

obtained from both the results. 

 
5 RESULTS AND DISCUSSIONS 
 
5.1 Flood Frequency Analysis 
The annual maximum discharge series of available six G&D sites are shown in Figure 

5. The G&D site wise observed annual maximum discharge data are shown in Figure 

6. Flood frequency analysis of annual maximum discharge series of available has 

been carried out using the L-moments approach as described elsewhere (Hosking 

and Wallis, 1997; Kumar and Chatterjee, 2005). Twelve frequency distributions viz. 

extreme value (EV1), general extreme value (GEV), logistic (LOS), generalized 

logistic (GLO), normal (NOR), generalized pareto (GPA), generalized normal (GNO), 

uniform (UNF), exponential (EXP), pearson Type-III (PT3), kappa (KAP) and wakeby 

(WAK) have been used to identify robust distribution based on the L-moment ratio 

diagrams and the 𝑍𝑖𝑑𝑖𝑠𝑡–statistic criteria. The Estimated floods of various return 

periods at six G&D sites are shown in Table 2.  
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Figure 5: Annual maximum discharge series  
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Figure 6: G&D site wise observed annual maximum discharge data. 

 
Table 2: Estimated floods of various return periods  

Return 
Period 
(Year) 

Discharge (cumec) 
Kanpur Bhitaura Chhatnag_Allahabad Mirzapur Varanasi Buxar 

2 5595.2 5216.7 25926.1 26291.2 27659.0 26364.9 
5 8174.7 8434.2 39098.5 36907.2 36697.2 33931.8 

10 10112.4 11002.0 47163.7 43956.8 40944.0 38445.5 
20 12243.3 13850.9 54475.5 51061.8 44047.5 42693.6 
25 12991.0 14838.0 56708.1 53411.7 44864.2 44021.1 
50 15539.3 18192.9 63405.9 60986.7 47042.0 48163.0 

100 18492.7 22010.2 69824.7 69086.9 48702.7 52278.4 
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5.2 Flood Plain Demarcation based on Satellite Data/Images 
 
The Joint Research Centre- European Commission have analyzed Landsat 

multispectral Satellite images of past 37 years (1984-2021) for deriving frequency with 

which water returns from year to year i.e. recurrence interval.  The maximum flood 

extent map is shown in  Figure 7.  

 
The flood date wise and annual flood extent layer extracted from remotesensing data 

for the priod 2009 to 2023 supplied by NRSC are also made available. The overlay of 

JRC inundation extent and NRSC data set is shown in Figure 8. However, these 

Satellite /remote sensing based flood inundation extent needs further classification and 

ground truthing for extraction of Riverine Flood (flooding due to over bank flood of the 

Ganga river). This will be jointly carried out by NIH and Irrigation and Water Resources 

Department, Govt. of UP. 

 

 
 

Figure 7: Maximum flood inundation extent map (JRC, 1984-2021)  
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Figure 8: Overlay of maximum flood inundation extent of JRC and NRSC 

 
5.3 Flood Plain Demarcation based on hydraulic modelling 
In the previous study by CWC (2019), SRTM DEM (90 m) was used with correction of 

river profile below the water surface based on available cross-sections. Similarly in 

this study also the LiDAR DEM (SOI) is used. About 44 surveyed river cross-sections 

are being used for HEC-RAS model setup. The 1-D HEC-RAS model with extended 

river cross-section has been prepared. The model is being calibrated for past flood of 

2010, 2013, 2016, 2019, 2022 etc.     

 
Comparisons of longitudinal simulated water surface profile for 100-year return period 

flood and 2010 flood event are shown in Figure 9. The inundation extent for 100-year 

return period flood is shown in Figure 10. The discharge at Kanpur and Bhitaura in they 

year 2010 is maximum and near to 100 year return period. 

 

The HEC-RAS model is still requires some recalibration based on recently obtained 

flood inundation extents from satellite data. Further, if the 1 m contour data from SOI is 

available, model will be updated with it.    
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Figure 9: Longitudinal simulated water surface profile for 100 year return period flood 

and 2010 flood 

 

 
 

Figure 10: Flood Inundation extent for 100-year return period flood 
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6 Future Work Plan 
The major time line of activities of this study are given below. As mentioned at section 5.2 

the satellite /remote sensing-based flood inundation extent needs further classification and 

ground truthing for extraction of riverine Flood (flooding due to over bank flood of the 

Ganga river) and this will be jointly carried out by NIH and Irrigation and Water Resources 

Department, Govt. of UP. Moreover, attempts are being made to obtain 1 m contour data 

of the area from SOI on direction of Hon’ble NGT. The hydraulic modelling approach 

based inundation map will be redeveloped using these data as per availability. After 

this, in hybrid approach both the results will be combined by taking union of the flood 

inundation areas obtained these approach to make final flood plain boundary for 100 

year return period flood. The flood plain boundary will be provided as georeferenced 

GIS layer (shape file) so that it can be super imposed over any other layer as per 

requirement. The coordinates (Lat, Long) at regular interval will also be provided, so 

that it can be marked on the ground when required. 

 

SN Task/ Component Month 
Aug Sep Oct 

1 Inception Report Completed 
2 Data collection and Processing Under progress 

(1m contour data from 
SOI is under progress) 

3 Flood frequency analysis Completed 
4 Flood plain zoning based on the JRC Satellite images of 

past 37 years (1984-2021) Completed 
5 Flood Plain Demarcation based on Satellite Data/Images       
6 HEC RAS model setup (Calibration/validation)       
7 Finalization of hydraulic model results        

8 Submission of interim findings discussion, ground 
truthing/ result verification 

      

9 Demarcation of flood plain based on hybrid approach       
10 Submission of draft Report       
11 Submission of final Report * 

 
*Final report will be submitted after incorporating the comments received from the 
sponsoring agency.  
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ANNEXURE-I 
 

Comparison of River cross-section river Surveyed vs LiDAR DEM (SOI) 
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Progress report on Flood Plain Zone, delineation and demarcation of river 
Ganga (Segment B, Phase II) from Unnao to Ballia till August, 2024 

 
1. As per the direction of Hon’ble NGT, the DEM data of 1m contour interval from SOI 

has been provided to NIH on August 08, 2024, the total volume of data received by 

NIH is 835 GB which are in 1X1 km tile. To use this data for HEC-RAS modelling, 

merging of all these tiles are required. As the complete data set are in large number 

of tiles, merging is taking huge time. Therefore, processing of 1m contour interval 

data is under progress. 

2. The flood frequency analysis of available Six Gauge sites discharge data has been 

completed and 100-year return period flood has been computed. 

3. Flood plain zoning based on the JRC Satellite images of past 37 years (1984-2021) 

has been completed (because only 37 years satellite data is available).  

4. Under the satellite-based approach method, flood plain demarcation based on 

satellite data/images received from NRSC, Hyderabad (from 2017 to 2023) and 

inundation data received from RSAC-UP, Lucknow (from 2009 to 2016) have been 

completed. 

5. Under Hydraulic Model, HEC RAS method, for delineation of FPZ, the river cross 

sections data provided to NIH have been utilized for 1-D modelling. After processing 

of SOI 1m DEM the same will be incorporated in the HEC RAS model for FPZ.  

 

 
Head, Surface Water Hydrology Division 

National Institute of Hydrology 
Roorkee 
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4 METHODOLOGY 
 
The study will be carried out with the same methodology as used by Central Water 

Commission (CWC) in the study for river Ganga from Haridwar to Unnao (Phase-I). 

Three Types of Approaches will be used for flood plain zoning viz. 

a. Satellite 

b. Hydraulic Model - HEC RAS 

c. Hybrid 

First, the flood frequency analysis will be carried out for various gauging sites in the 

study reach using various frequency distributions to estimate floods of various return 

periods up to 100-year return period. 

 

4.1 Satellite base approach 
 

The Joint Research Centre-European Commission has analyzed Landsat multispectral 

satellite images of the past 37 years (1984-2021) for deriving the frequency with which 

water returns from year to year i.e. recurrence interval. The same will be used in the 

study through the Google Earth engine platform. The flood inundation Extent of recent 

years as per availability (RSAC-UP/ NRSC) will be analyzed with reference to return 

period floods. 

 

4.2 Hydraulic Model approach 
 
HEC-RAS, a hydraulic model developed by the USACE, is extensively applied in 

calculating the hydraulic characteristics of rivers. HEC-RAS model needs details of river 

cross sections (for 1-D modelling) and DEM (for2-D modelling and flood inundation 

mapping) apart from boundary conditions (discharge, water level etc.).The latest update 

on the program, HEC-RAS 6.5 includes capabilities to model the hydraulics both one 

and two dimensionally is used for this study. The HEC-RAS model is setup using: 

• Upstream branch to provide constant flood magnitude equal to the given return 

period at upstream boundary (Unnao). 

• Downstream boundary as normal depth at downstream of Balia. 

• Flood plain bathymetry (DEM), River cross-section for routing the flows between 

Unnao and Balia. 

• Different locations (G&D sites) flow is added to match the estimated flood of 
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corresponding return period at the intermediate gauging sites (Bhitaura, 

Chhatnag_Allahabad, Mirzapur, Varanasi, Buxar). 

 

The HEC-RAS model will provide inundation extent for various return periods 

(corresponding to discharge) 

 

4.3 Hybrid approach 
The results of satellite analysis and modelling have their own limitation. Satellite may 

not cover the full flood event and model results are subjected to DEM quality. 

Therefore, hybrid approach will combine both the results by taking union of the areas 

obtained from both the results. 

 
5 RESULTS AND DISCUSSIONS 
 
5.1 Flood Frequency Analysis 
The annual maximum discharge series of available six G&D sites are shown in Figure 

5. The G&D site wise observed annual maximum discharge data are shown in Figure 

6. Flood frequency analysis of annual maximum discharge series of available has 

been carried out using the L-moments approach as described elsewhere (Hosking 

and Wallis, 1997; Kumar and Chatterjee, 2005). Twelve frequency distributions viz. 

extreme value (EV1), general extreme value (GEV), logistic (LOS), generalized 

logistic (GLO), normal (NOR), generalized pareto (GPA), generalized normal (GNO), 

uniform (UNF), exponential (EXP), pearson Type-III (PT3), kappa (KAP) and wakeby 

(WAK) have been used to identify robust distribution based on the L-moment ratio 

diagrams and the 𝑍𝑖𝑑𝑖𝑠𝑡–statistic criteria. The Estimated floods of various return 

periods at six G&D sites are shown in Table 2.  
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Figure 5: Annual maximum discharge series  
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Figure 6: G&D site wise observed annual maximum discharge data. 

 
Table 2: Estimated floods of various return periods  

Return 
Period 
(Year) 

Discharge (cumec) 
Kanpur Bhitaura Chhatnag_Allahabad Mirzapur Varanasi Buxar 

2 5595.2 5216.7 25926.1 26291.2 27659.0 26364.9 
5 8174.7 8434.2 39098.5 36907.2 36697.2 33931.8 

10 10112.4 11002.0 47163.7 43956.8 40944.0 38445.5 
20 12243.3 13850.9 54475.5 51061.8 44047.5 42693.6 
25 12991.0 14838.0 56708.1 53411.7 44864.2 44021.1 
50 15539.3 18192.9 63405.9 60986.7 47042.0 48163.0 

100 18492.7 22010.2 69824.7 69086.9 48702.7 52278.4 
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