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Abstract: Paper has illuminated the satellite data of previous flood and hydrological data to estimate the
inundated areas near Sharda River. Modeling of flood inundated areas predicted 10 cm rises in water level in
affected areas by flood. IRS-P6/AWIFS and RADARSAT data were used. The RADARSAT satellite data have
shown the flood water, water in low lying areas and real time flood data. The geo referenced IRS-P6/AWIFS,
IRS-P6/LISS-I11 and PAN satellite data were useful for preparation of various thematic maps. Results revealed
that most heavily flood affected villages at three gauge stations on Sharda River during year 2009 were: 13
villages of Puranpur Block of Pilibhit District downstream to Banbasa gauge station at 220.35m water level; 22
villages of Nighasan Block of Lakhimpur-khiri District downstream to Paliyakala gauge station at 154.62m
water level and 26 villages of Behta Block of Sitapur District downstream to Sharda Nagar gauge station at
136.10m water level.

I.  Introduction

Meteorological and hydrological data are the main requirement for forecasting of flood inundated areas,
besides the availability of information for making decisions and actions. Therefore it is required to integrate
water level at different gauge stations with flood data of all places as on different dates. The modeling and
forecasting of floods and their consequences require extensive spatial information of catchments and flood risk
areas. The information required for forecasting of flood inundation is based on the extent of the area affected,
location specific details, population affected during previous floods (Sunita, 2010; Singh and Prabhat, 2014).
This has been reported along Sharda River in Uttar Pradesh in the paper.

Studies have been reported on the use of passive remote sensing and flood inundation (Horritt et al.,
2003; Horritt and Bates, 2001). It is important to consider more developed active sensors, such as microwave
and laser techniques as they have the ability to penetrate tree canopies and cloud cover. Active sensors generate
their own energy and are extensively used now (Campbell, 2002). Such as Landsat Thematic Mapper (TM) are
limited by atmospheric conditions, as well as the inability to detect standing water beneath obstructions i.e. as
forest canopies (Townsend and Walsh, 1998). Radar systems are capable of determining sharp land-water
boundaries, and are capable of higher spatial resolutions than passive systems under similar situations (Engman
and Gurney, 1991). Radar can penetrate clouds, darkness and tree canopies (Smith, 1997). It is well
demonstrated the ability of Synthetic Aperture Radar (SAR) for providing all weather flood area delineation
(Lowry et al. 1981) and similar studies are reviewed the use of radar detection for flood studies (Hess et al.
1990). Besides studies have been reported on the forecasting the different aspects in our country (Chaturvedi
and Mohan 1983; Ghani, 2009; Srivastava, Sharma and Sharan, 1983; Murthy and Rao, 2007; Sinha et al.
2008; Srivastava,2009; Veeranna et al. 2009).

Townsend and Walsh (1998) modeled floodplain inundation through the integration of SAR,
Geographical Information Systems (GIS) and optical remote sensing. It was highlighted in the study that
Landsat TM data is less appropriate for mapping flood inundation than the tested radar data, as in times of
monsoon their use is severely restricted and best avoided if suitable radar images are available. The synergistic
use of radar and optical remote sensing in conjunction with GIS modeling was therefore argued as an effective
method for delineating flood inundated areas. Smith (1997) proposed a synergistic approach towards flood
inundation mapping as fixed frequency SAR was found insufficient for the mapping processes and it required to
be combined with visible infrared data (VNIR). Further, it was found that although SAR is not limited by
atmospheric conditions, it was most effective for mapping smooth open water bodies, river flow and flood
stages. It was also concluded that SAR provides excellent temporal coverage in certain situations. Therefore, it
can be used to determine the flood extent.
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Horrit et al. (2003) also recognized the potential of SAR systems for mapping flooded vegetation in the
Wrangle Flats on the eastern coast of the UK. The approach was found to be reasonable and required further
work to be undertaken. Radar data has also been used for indirect flood studies. Tholey (1995) used ERS-1
imagery along with GIS to assess the affect that land use has on flood events in northern and southern France.

Such studies are useful for forecasting of flood inundated areas that require urgent flood management.
The flood forecasting is one of the most effective non- structural measures for flood management. For
formulating the flood forecast, the observed hydrological data (water level) and satellite data of different dates
are collected, integrated, manipulated and analyzed through GIS software and transmitted to the forecasting
station through the different means of data communication (Aggarwal, 2004; 2006, 2007, 2009).Flood maps
were prepared showing the flood inundated areas in 5km buffer of Sharda Rivers. These maps were found to be
very useful for planners/decision making to make a scientific assessment and for batter management of relief
activities (Aggarwal, 2010a; 2010b).

The flood inundation layer extracted from the satellite data of 5 km. buffer around Sharda rivers is
integrated with the base data layers such as district boundary, block boundary, village boundary for estimation
of district wise flood inundated area, number of villages affected during flood (Tangri,1986).Based on the
duration of the flooding, magnitude of the flood and flood affected areas are estimated. The hydrological data
(water level) is useful for flood inundation studies (Tangri and Sharma, 1985). The geo referenced IRS-
P6/AWIFS satellite data are useful for preparation of catchment area of Sharda Rivers in Nepal region. Drainage
map is required to measure and assessment of the runoff water and how much water input in the main river from
different tributaries (Tangri, Mathur and Chaturvedi, 1986).

Flood Forecasting: Application of Remote Sensing & GIS

Geographical Information System (GIS) and remote sensing offer valuable tools to contribute to the
required information about flood forecasting. Satellite remote sensing is the best source of mapping this
information (Gupta and Bodechtel, 1982; Bhavaskar, 1984; Choudhary, 1989, 1991; Parihar, 1995).Main
problems respect to floods is inundation, drainage congestion due to urbanization and bank erosion in our
Country. Further it also depends on the river system, topography and pattern of flow in the area. The basic data
requirements for forecasting of flood inundated areas are meteorological and hydrological data. The other most
important element is the availability of timely information for taking decisions and actions. For this purpose we
have to integrate water level at different gauge stations with flood data of that places as on different dates. The
modeling and forecasting of floods and their consequences require extensive spatial information of catchments
and flood risk areas. The information required for forecasting of flood inundation is based on the extent of the
area affected, location specific details, population affected during previous floods.

This paper aims to estimate the inundated areas near Sharda Rivers based on satellite data of previous
flood and hydrological data that is water level. Modeling of flood inundated areas is required to predict how
much area will be affected by flood with respect to 10 cm. rise in water level through IRS-P6/AWIFS and
RADARSAT data. The RADARSAT satellite data show the flood water, water in low lying areas and real time
flood data. The geo referenced IRS-P6/AWIFS, IRS-P6/LISS-III and PAN satellite data are useful for
preparation of various thematic maps (Sunita, 2010).

It also forecast modeling using the geo-informatics of floods inundated areas near Sharda River in
downstream of different gauge stations. We report the modeling of flood inundated areas estimated on satellite
data of previous flood and hydrological data of inundated areas near Sharda River. It shall be useful in
forecasting of flood inundated areas that require urgent flood management. It had following objectives.

I1.  Objectives

i. Mapping of catchment areas of Sharda rivers in Nepal region using satellite data of IRS-P6/AWIFS as on
December, 2009 and IRS-P6/LISS-111 as on October, 2009 and IRS-P6/PAN as on March,2002 and Feb-
March,2004.

ii. Mapping of flood inundated areas near Sharda River in downstream of different gauge stations in year
2007, 2008 and 2009 using satellite data of IRS-P6/AWIiFS and RADARSAT.

iii. Comparison of water level with flood inundated areas near Sharda River in downstream of different gauge
stations using satellite data of IRS-P6/AWIiFS and RADARSAT as on 2007 to 20009.

iv. Modeling of forecasting of flood inundated areas with respect to 10 ¢cm rise in water level in year 2007,
2008 and 2009 using IRS-P6/AWIFS and RADARSAT data.
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v. GIS Integration of flood layer with village boundary layer for the calculation of area of inundation in each
village using 5km. buffer around Sharda River in year 2007, 2008 and 20009.

I11.  Material and Methods
The datasets used for mapping catchment area of Sharda River in the present study were: i.IRS-
P6/AWIFS satellite data as on 10" Dec, 2009; ii. IRS-P6/LISS-I11 satellite data as on 9™ Jan, 2001; and 9" Oct,
2009 and iii. IRS-P6/PAN satellite data as on 28" March, 2002; 26th Feb, 2004 and 22" March, 2004.
District, Block and Village Boundary Layer of Uttar Pradesh were used as Base Data. Data were used for flood
inundation mapping is given in Table-1.

Table-1: List of used data three Gauge stations on Sharada River.

Satellite Name Gauge Stations

Banbasa Paliyakala Sharda Nagar

Radarsat 23.08.08 23.08.08 27.07.08

20.08. 09 21.08. 08

12.10.09 23.08.08

06.09.08

25.09.08

20.08.09

25.08.09

27.08. 09

12.10. 09

IRS-P6/AWIFS 09.10.09 09.10.09 09.10.09

14.10.09 14.10.09 14.10.09

IV.  Results and Discussion
The Results of Mapping of catchment area of Sharda River in Nepal Region, GIS Integration for flood
inundated villages and Mapping and Modeling of forecasting of flood inundated areas are summarized as below

1 Mapping of catchment area of Sharda River in Nepal Region

Mapping of catchment area of Sharda River were used to delineate the various water channels of the
rivers covering the Nepal region. IRS-P6/AWIFS satellite data was used for mapping of both the rivers in Nepal
Region. The watershed area of Sharda River in Nepal region has covered an area of 16.49 lakh hectares.
Drainage maps were generated which were used to measure and assessment of the runoff water and water input
in the main river from different tributaries. Map of catchment area of Sharda River is shown in following (Fig.-

1 and Fig.-2).
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Fig.-1: Map of study area in Uttar Pradesh.

MAP OF SHARDA RIVER CATCHMENT AREA
IN NEPAL REGION

Legend
e BANBASA GAUGE STATION e é
[ WATERSHED BOUNDRY OF SHARDA RIVER IN NEPAL
[ ] DISTRICT BOUNDARY OF UTTAR PRADESH DISASTER MANAGEMENT CELL
B =HARDA RIVER IN NERPAL REMOTE SENSING ARFLICATIONS CENTRE

Fig.-2: Map of Sharda River catchment area in Nepal region.
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2. GIS Integration for flood inundated villages

The maximum flood was observed with respect to rise in water level at three gauge stations of Sharda
River during year 2009 from the observation of all the graphs based on flood inundated areas and water level
and inundation maps and their corresponding information about area of the districts, blocks and villages:

i. The water level at Banbasa gauge station was 220.35m, the maximum flood was observed and 2394.70ha
area was affected due to flood. List of flood inundated villages along Sharda River in downstream of
Banbasa is shown in Table-2.(As on 9% Oct, 2009).

ii. The water level at Paliyakala gauge station was 154.62m., the maximum flood was observed and 6248.57ha
area was affected due to flood. List of flood inundated villages along Sharda River in downstream of
Paliyakala is shown Table-3.(As on 9" Oct, 2009).

iii. The water level at Sharda Nagar gauge station was 136.10m., the maximum flood was observed and
10589.97ha area was affected due to flood. List of flood inundated villages along Sharda River in
downstream of Sharda Nagar is shown in Table-4(As on 9™ Oct, 2009).

iv. Based on satellite data of previous flood and hydrological data, the flood inundated areas along Sharda
River were estimated. The area of flood inundation in downstream of each gauge station of Sharda River
during year 2007 to 2009 is shown inFig.-3 and Fig.-4.

FLOOD INUNDATION MAP OF SHARDA RIVER IN
DOWNSTREAM OF BANBASA
AS ON 2008

N

g .

3
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FLOOD INUNDATION MAP OF SHARDA RIVER IN
DOWNSTREAM OF SHARDA NAGAR
AS ON 2009

SHARDA NAGAR GAUGE STATION £5

5 o 10 Kilometars

Legend
e  SHARDANAGAR GAUGE STATION

[ | 5 Km BUFFER AROUND SHARDA RIVER

[ UTTAR PRADESH BLOCK BOUNDARY

[T UTTAR PRADESH VILLAGE BOUNDARY

P FLOODED AREA ON 27Aug09

B FLOODED AREA ON 120ct09

Bl LOODED AREA ON 140ct09

Bl - CODED AREA ON 20Aug0Da

Hl . ©ODED AREA ON 25Aug09

Hl F.0CODED AREA ON 090ct09 DISASTER MANAGEMENT CELL

B S+ ARDA RIVER(March. April 07-08) R T S e LNSICENTRE

Fig-.4: Flood inundation map for downstream of Sharda Nagar as on 2009.

1. Mapping and Modeling of forecasting of flood inundated areas :

A trend was observed between changes in area of inundation with respect to change in water level by
using water level at various gauge stations of Sharda River as on different dates and flood layers of various
dates derived from RADARSAT satellite data and AWIFS data from 2007 to 2009.(Fig-5 to Fig.-7).

MAP OF FLOOD INUNDATED VILLAGES NEAR
SHARDA RIVER IN DOWNSTREAM OF BANBASA
AT VARIOUS WATER LEVELS

BANBALA G AIGE 5 AT
-

Legend

- BANBASA GAUGE STATION
EZZZ) FLOOD INUNDATED VILLAGES AT WATER LEVEL 219 5%m é
SN FLOOD_INUNDATED VILLAGE S AT WATER LEVEL 220 36m

DAGASTER MANAGEMENT CELL
REMOTE SENSING APPLICATIONS CENTRI
LUTTANK MeALR "~

Fig.-5: Map of flood inundated villages near Sharda River in downstream of Banbasa at various water levels.

DOI: 10.9790/0990-03210111 www.iosrjournals.org 6 | Page



Forecasting Model of Flood inundated Areas along Sharda River in U.P.

MAP OF FLOOD INUNDATED VILLAGES NEAR
SHARDA RIVER IN DOWNSTREAM OF PALIYAKALA
AT VARIOUS WATER LEVELS

Legend
@ PALIYAKALA GAUGE STATION
7 FLOOD INUNDATED VILLAGES AT WATER LEVEL 153.30m
FLOOD INUNDATED VILLAGES AT WATER LEVEL 154.62m. é

277} FLOOD INUNDATED VILLAGES AT WATER LEVEL 154.72m.
DISASTER MANAGEMENT CELL

REMOTE SENSING APPLICATIONS CENTRE
UTTAR PRADESH

Fig.-6: Map of flood inundated villages near Sharda River in downstream of Paliyakala at various water levels.

MAP OF FLOOD INUNDATED VILLAGES NEAR
SHARDA RIVER IN DOWNSTREAM OF SHARDA NAGAR
AT VARIOUS WATER LEVELS

L SMARDA HAGAR GAUGE STATION

\\4¢)7F

s

05 o 10 Kilometars

Legend
© SHARDANAGAR GAUGE STATION
22 FLOOD INUNDATED VILLAGES AT WATER LEVEL 134.37m
7772 FLOOD INUNDATED VILLAGES AT WATER LEVEL 135.90m é
522] FLOOD INUNDATED VILLAGES AT WATER LEVEL 136.10m
DISASTER MANAGEMENT CELL
REMOTE SENSING APPLICATIONS CENTRE
UTTAR PRADESH

Fig.-7: Map of flood inundated villages near Sharda River in downstream of Sharda Nagar at various water levels.

The following results were summarized through forecasting model of flood inundated areas using
geoinformatics and it was also concluded that with 10cm rise in water level at each gauge station of Sharda

River was observed.
i. In Banbasa gauge station, the rise in water level from 220.35 to 220.45m that is, 10cm will affect an area of

105.30hain addition with the affected area at water level 220.35m. (Fig.-8)
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WATER LEVEL VS. FLOODED AREA FOR BANBASA USING
IRS/AWIFS DATA
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Fig.-8: Graph showing prediction point of flood inundated areas with 10cm. rise in water level using trend analysis for
Banbasa gauge station.

ii. At Paliyakala gauge station, the rise in water level from 154.62m to 154.72m that is, 10cm will affect an
area of 551.43ha in addition with the affected area at water level 154.62m. (Fig.-9)

WATER LEVEL V5. FLOODED AREAFOR PALIYAKALA USIN G IR S/AWIF 5
DATA
000 5600 (Prediction

-,tli- 000 1 point}
Z S0 A
= 4000
& 3000
[=]
g 2000 4 —— 10cm.rise in water level=
= 1000 - 551.42835ha.

0 T . T s

153 1535 154 154.5 155

VUATER LEVEL (in my)

Fig.-9: Graph showing prediction point of flood inundated areas with 10cm. rise in water level using trend analysis for
Paliyakala gauge station.

iii. At Sharda Nagar gauge station, the rise in water level from 136.10m to 136.20m that is, 10cm. will affect an
area of 510.03ha.in addition with the affected area at water level 136.10m.(Fig.-10)

WATER LEVEL VS. FLOODED AREA FOR SHARDA
NAGAR USING IRS/AWIFS DATA

12000 - 11100
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~ 10000 ( point
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8 4000
e —e— 10cm.rise in water level =

2000 - 510.0262%a.

0 T T T T ]
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Fig.-10: Graph showing prediction point of flood inundated areas with10cm rise in water level using trend analysis for
Sharda Nagar gauge station.

Table-5: Water level and flooded areas as on different dates in year 2009 usinglRS/AWIFS data for Banbasa gauge station.

Stations Dates Water Level (In M.) | Flooded Area (Ha.)
Banbasa 14.10.09 219.55 1648.54089

Danger Water Level

(221.70 M.) 09.01.09 220.35 2394.69957
Prediction Point 220.45 2500
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Table-6: Water level and flooded areas as on different dates in year 2009 usingRADARSAT Satellite data for Sharda Nagar
gauge station.

Stations Dates Water Level (In M.) Flooded Area (Ha.)

Sharda Nagar 20.08.09 135.9 466242521

Danger Water Level(135.49)

The IRS/AWIFS and RADARSAT Satellite data were used as flood layer for mapping of flood
inundated areas. Since, RADARSAT satellite data has low spatial resolution than AWIiFS data. Therefore small
water bodies in the image could not be interpreted and the actual area of inundation could not be calculated
accurately. Hence, the modeling of forecasting of flood inundated areas was mainly based on flood layer of
AWIFS data. All the flood layers were mainly from RADARSAT satellite data but only the flood layer as on 9*"
Oct, 2009 and 14™ Oct, 2009 were of AWIFS data. Water level and flooded areas as on different dates in year
2009 using IRS/AWIFS and RADARSAT Satellite data for each gauge station of Sharda Riveris shown
inTable- 5 and Table- 6.

V.  Conclusion

We have exclusively focused on forecasting model of flood inundated area along Sharda River in Uttar
Pradesh. The satellite data of IRS-P6/AWIFS, IRS-P6/LISS-III and IRS-P6/PAN were used for mapping of
catchment area of Sharda River in Nepal Region. The watershed boundary was also created around the river
using editing tools by considering the direction of water flow. Three gauge stations of Sharda River were
included in the study area. Flood inundation maps for three gauge stations of Sharda River were generated with
the help of ArcGIS ver. 9.2. The flood inundation maps were prepared by spatial intersection of flood layers
with district, block and village boundary layers and then integrated with water level at all gauge stations of
Sharda river in Uttar Pradesh. Water levels at all gauge stations as on different dates from years 2007 to 2009
were used for predicting the area of flood inundation due to 10cm rise in water level. In downstream of Banbasa,
Paliyakala, Sharda Nagar gauge stations, with 10cm rise in water level 105.30, 551.43, 510.03 hectares area will
be affected, respectively.

The present study implies the application of GIS technologies to develop a model for forecasting of
flood inundated areas. The importance of forecasting of flood inundated areas is widely recognized as a vital
non structural measure to alert the people living near the banks of Sharda River about the coming flood. Flood
forecasting systems are formulated for issuing the flood warning in order to prepare the evacuation plan during
the flood. Loss of human life and property etc. can be reduced to a considerable extent by giving reliable
advance information about the coming floods. The people could be moved to safer places in an organized
manner as soon as the flood warnings are received. We conclude that the most heavily flood affected villagesat
three gauge stations of Sharda River during year 2009 are: 13 villages of Puranpur Block of Pilibhit District
downstream to Banbasa gauge station at 220.35m water level.22 villages of Nighasan Block of Lakhimpur-khiri
District downstream to Paliyakala gauge station at 154.62m water level.26 villages of Behta Block of Sitapur
District downstream to Sharda Nagar gauge station at 136.10m water level.

Acknowledgment
(We are also thankful to Dr. Sarvesh Palria, Associate Professor, Department of Remote Sensing and Geo-Informatics, MDS
University, Ajmer, Rajasthan and Shri A. K. Agarwal, Scientist ‘SE’, Disaster Management Cell, Remote Sensing Applications Centre-UP,
Lucknow for their guidance during this work. Besides we express our sincere gratitude to Dr Ravinder Singh, Associate Professor & Head,
Department of Medical Anthropology, IHBAS Hospital, Faculty of Medical Sciences, University of Delhi, Delhi for encouraging us to write
and publish this work.)

References

[1]. Agarwal A. K. (2004). Spectral behavior of water and moisture in RADARSAT data from alluvial terrain in eastern Uttar Pradesh,
Published in Conference VVolume. Remote Sensing Applications Centre-UP, Lucknow.

[2]. Agarwal A. K. (2006). Report on study of Burhi Rapti River Channel changes near Muchorwa Ghat and natural waterlogged area in
the vicinity of old Banganga river drain in Siddharth nagar district, U. P. using Remote Sensing data, Remote Sensing Applications
Centre-UP, Lucknow.

[3]. Agarwal A. K. (2007), Remote Sening Applications in Disaster Management in U. P., Published in Conference Volume. Remote
Sensing Applications Centre-UP, Lucknow.

[4]. Agarwal A. K. (2009), Baseline data generation using Remote Sensing & GIS for drainage plan of Uttar Pradesh, Published in
Conference Volume. Remote Sensing Applications Centre-UP, Lucknow.

[5]. Agarwal A. K. (2010), A report on decision support system for disaster management in flood inundated areas of Shravasti district,
Remote Sensing Applications Centre-UP, Lucknow.

[6]. Agarwal A. K. (2010), A report on decision support system for disaster management in flood inundated areas of Balrampur district,
Remote Sensing Applications Centre-UP, Lucknow.

[7]. Agarwal A. K., Benarji S. and Haldar A. L. (2008), Assessment of damage caused due to flood by integration of Landuse and
satellite image using CARTOSAT-1 and RADARSAT data in GIS environment, Published in Conference VVolume. Remote Sensing
Applications Centre-UP, Lucknow.

DOI: 10.9790/0990-03210111 www.iosrjournals.org 9 | Page



Forecasting Model of Flood inundated Areas along Sharda River in U.P.

8.
[9].

[10].
[11].

[12].
[13].
[14].
[15].

[16].
[17].

[18].
[19].

[20].

[21].

[22].

[23].

[24].
[25].

[26].

[271.

[28].
[29].

[30].

Aziz F., Tripathi N., Ole M. and Kusanagi M. (2008), Development of flood warning system, Asian Institute of Technology,
Bangkok, Thailand.

Bates, P.D and A.P.J. De Roo(2000). A simple raster-based model for flood inundation simulation, Journal of Hydrology 236
(2000) 54-77

Campbell, J. B. (2002).Introduction to Remote Sensing. Guilford Press, London.

Chaturvedi R. S. and Mohan R. (1983). Delineating flood affected areas of South Uttar Pradesh using satellite remote sensing
technique. Proceeding of National Symposium on Remote Sensing in Development And Management Of Water Resources, SAC,
Ahmedabad, pp. 78-87.

Engman, E. T. and Gurney, R. J. (1991). Remote Sensing in Hydrology. Chapman and Hall, London.

Ghani M. U. (2009), Innovative methods in River Erosion Control- A case study of Erosion of Bhira Palia Railway Line by Sharda
River in Uttar Pradesh, Second India Disaster Management Congress, Vigyan Bhawan, New Delhi.

Horritt, M. S. and Bates, P. D. (2001) Effects of spatial resolution on a raster-based model of flood flow. Journal of Hydrology, 253,
pp. 87-99.

Horritt, M. S., Mason, D. C., Cobby, D. M., Davenport, I. J. and Bates, P. D. (2003)Waterline mapping in flooded vegetation from
airborne SAR imagery. Remote Sensing of Environment, 85, pp. 271 -281.

Mather, P. M. (2001) Computer Processing of Remotely-Sensed Images: An Introduction. Wiley, Chichester.

Murthy V. B. and Rao G. S. (2007), Flood Mapping, Risk Zoning and Hazard Assessment using Optical and Microwave Data,
Water Resource Division, WR & O Group, National Remote Sensing Agency, Hyderabad — 500 037, India.

Singh, Sunita and Prashant Prabhat (2014). Forecasting Model of Flood Inundated Areas. Lambert Academic Publishing, Germany.
Sinha R., Bapalu G. V., Singh L. K. and Rath B. (2008), Flood Risk Analysis in the Kosi River Basin, North Bihar using Multi-
Parametric Approach of Analytical Hierarchy Process (AHP), Journal of the Indian Society of Remote Sensing, Vol. 36, No. 4.
Smith, L. C. (1997) Satellite remote sensing of river inundation area, stage, and discharge: A Review. Hydrological Processes, 11,
pp. 1427-1439.

Srivastava G. S., Sharma R. P. and Sharan R. B. (1983), Geomorphological investigations in the flood-plain areas of the Ghaghara
River in Azamgarh district, U. P., using remote sensing techniques, (Proc. National symposium R. S. in Devep. & Manag. of water
resources, Ahmedabad, India).

Srivastava S. K. (2009). Saving lives using geo-spatial products: A case study during Kosi Floods 2008, Journal of the Indian
Society of Remote Sensing, pp. 16.

Sunita (2010). Forecasting Model of Flood Inundated Areas Using Geoinformatics along Sharda River in Uttar Pradesh. M.Sc.
Dissertation submitted to Department of Remote Sensing and Geo-Informatics, Maharshi Dayanand Saraswati University, Ajmer,
Rajasthan, India. Published as Forecasting Model of Flood Inundated Areas( see Singh, Sunita and Prashant Prabhat, 2014).

Tangri A. K. (1986), Understanding the dynamics of Ghaghara River system in Uttar Pradesh, India, using Satellite Remote
Sensing, Proceeding VII™" Asian conf. on Remote Sensing, Seoul, S. Korea.

Tangri A. K. and Sharma R. P. (1985), A study of changing Drainage Patterns and their tectonic implications in parts of North
India, using remote sensing techniques, Proc. VI Asian conf. on Remote Sensing, Hyderabad, India.

Tangri A. K., Mathur A. and Chaturvedi R. S. (1986), Applications of satellite remote sensing techniques in flood damage
assessment along parts of Ghaghara and Gomti rivers in Uttar Pradesh, in Proc. National Sem. on Flood Damage Assessment and
Monitoring, Roorkee, India.

Tholey, N.,(1995). Monitoring flood events with remote sensing data: an example of ERS-1’s contribution to flood events in
Northern and Southern France regions. In: Proceedings of the 1st ERS Thematic Working Group Meeting on Flood Monitoring,
ESAESRIN, Frascati, Italy.

Townsend, P. A. and Walsh, S. J. (1998) Modelling floodplain inundation using an integrated GIS with radar and optical remote
sensing. Geomorphology, 21, pp. 295-312.

Veeranna B., Murlikrishna 1. V., Bhavani N. L. and Rajan E. G. (2009), Investigation of Rainfall-Runoff modeling of the Ashti
catchment by SCS curve number using Remote Sensing and GIS, Journal of Geomatics, Indian Society of Geomatics, Vol. 3, No. 1.
Wickland, D. E. (1989) Future Directions for Remote Sensing in Terrestrial Ecological Research. In: Asar, G. (Ed.) Theory and
Applications of Optical Remote Sensing. John Wiley and Sons Ltd., Chichester. pp. 691-724.
Table-2: List of flood inundated villages along Sharda River in downstream of Banbasa at various water levels.

6607193
748122
d Data

d Data
22514

[.75651

Mo Fload Data

17,381
07797
B 50757
| 45566
16830
513!
kit
33
B%53

1

No Flor

No Flor
Mo Flood Data

#7E99

No Flood Data
117 3792

104 3%03
71,7083
7540

1351
P

No Flood Data

E2 oa8BI8=8 ErBRBEEERS B e =8 RE
[ Eﬂg?ﬂ?ﬂﬁ'ﬁ;%tﬂ F2Z22EBEn82 %‘_Eﬁfﬁﬁ
= 2EEaBRBES RESHSEBOHR 825 E
2 §§$§§$§§§ BEEEREERHY :%@%g;
g =

Bebaha Ramuspur

Nagara

Lagabhaga
Khamaria
Newasi
[
Canp

Block Nam
Puranpur

Biua
Biua

LIST OF FLOOD INUNDATED VILLAGES NEAR SHARDA RIVER IN DOWNSTREAM OF BANBASA AT VARIOUS WATER LEVELS

=
o
a2

District Name:

Pilibhit

DOI: 10.9790/0990-03210111 www.iosrjournals.org 10 | Page



iver in U.P.

Forecasting Model of Flood inundated Areas along Sharda R

ter levels.

lous wal

iyakala at vari

downstream of Pal

iverin

llages along Sharda Ri

dated vi

nun

List of flood i

Table-3

e1eq poojd oM PGEET ¥ BIEq poojd Oy LLTYILGT epnfieyg
eleq pooj4 oM £9961 F BlEq pooj4 oy S50 EEEIEFS eloyuier!
eleq poojd oy 98240 52 eleq pooj4 oy 8LF LBLEOLS ehness emag
120 pO0Id oM ESFSZE £l poold o S1Z 158K Andfesnpy
BESEELFE TL6A0 L =ieq Poold oN 96F 9B9TLLS g op 2Aunt
EELEL DL 180 PODIS ON BlEq pooj4 oy zEBBrLFLL ing EieysALIEY
eleq pooj4 oy SBFFF L2 eleq pooj4 oy 81 ¥v/9.69 eyuog
£00LO°EL ZELZOD Bl poojd oy 97°5EB8LEEY PanLg anciemun
L 066 9T £99ZrF'9T Bleq poojd on OF LZZL005 £0N &Bun;
e1eq poojd oM SIBLET BIEq poojd Oy 02 7418655 eAlyieley
eleq pooj4 oM ZLEBLD BlEq pooj4 oy C35EEDLER 10oyg eduedig
eleq pooj4 oy LLB0E 91 eleq pooj4 oy B ELOBFFY 5o ajbunp
LLLALD OLEEZ DE £l poold o ¥O°LIEFELT gon 2funr
LAVLLELL 00054 TFE =i Poold oN 79'59T9BLTT andyeys
82869 £ 48952 21 BlEq pooj4 oy EF L/BLEFE einoyfepy
67855 021 ziesa el eleq pooj4 oy L0°EES0E5S and ejneq
LLL2LD SL199'56 Bl poojd oy BE°BE7B05Z euebiep
eleg poojd oy [=[=ra= o= ] Bleq poojd on PEDOZE0aF UE|EH emnieg
e1eq poojd oM S0EF) BE BlEq pooj4 Oy 7L VISEFDE indenwey eyeqag
eleq pooj4 oM LLEIL FFL 8L08E EF 9957 LELYE 1pus iy
eleq pooj4 oy LEEBL 9 GresE Bl 78 0LVEEST eieing
L6Z6L0 ZGEBEBOL 1918695 95°85r355 | enyfiag
FRLZES 86258 TF EIVLT LT £8'08E086C andueynseny
L1ri80L [ECTTN] 655Cr 9 19595895 B0py aBunp
eleq pooj4 oy [EEa 9iBLL L EEVOLLELE nesiex
e1eq poojd o ZI509°0EL Fii5209 FEEPIELOL inciuag
120 pO0Id oM 0EEZZ 95 66256'T £1'886564 endpueys
SF09C 0 SZELLTE 64547 Bl SEEEZIFALL ueey Jebeuwey
eleq pooj4 oy 15065 (6 N 68 066658 BB
LE598 56 98948 L2 6866 69 7 O99BELEL UB|E3| AN 1B enlig
E1eq paold o SEETEFL Eleqg poojd on 32°81/6029 e|noleg
E1Q POOId ON GEVLLEL =i Poold oN 0 5996858 sefeuys
e1eq pooj4 oM PFGLLOE BIEq poojd Oy 11 9565685 einosig
eleq pooj4 oM 88K 9E BlEq pooj4 oy 8F ZyB8L9Ty Jooyg eyseg
eleq pooj4 oy ¥EGBE FET 68102 6L ¥8'591LEE0L uoefieleg  ieyaginyg
L0FBITL £069F 98 £l poold o 026627821 efayeubial
49192681 42907 €81 =ieq Poold oN 10°£Z00686 =AUy sapEYe
EzECa 0al £0£5C 65T BlEq pooj4 oy £9'8L5E64L and Jeyed
9EZFE Bl [EEIr eleq pooj4 oy £7 595LFEE ueseyfipy juyseq
e1eq paojd oy [ 7Y Bl poojd oy B0°ZLEFEEE indueuog
0629y 9E5a0 EF Bleq poojd on £8°88r5aTs Mequuy’
eleq pooj4 oM 9952811 BlEq pooj4 oy 56 52rF092 AndjeT]
10 poo|d o LBEZEEL Eleq poojd 0N 13 78BF096 ehaled Inpayd
eleq pOo|d oM BEFEL 0T E 95502808 ueje>| Buneg
E1eq poojd oy 96520°L ELEFS £E'95/8/T1 ueseybipy 1uysAEg
eleq pOo|4 oM E18 POD|d ON L2620E 1196842 LE pege|Epy’
7568 T EEERS L4 65885 5L B9 LILEELFL ZLON WES
L5210 18 08E8L 25} E5TFS LT LLFIPLELY Eaypunyg
LLZIF L 6LEZE FL ED==ag 3L LYOFaLY pine
50491 1 EnEEEET g 96 L90LL8F1 eyeleg
DE0L6 2T YPELLD SLEED T LLEPZSTLY efaisuEly
oFLDE L ERETIN: €E021 8 28'92809F ueseyfilny juysyeq
orLSEEl L85/ EF 65996 8 S0°89EF198 andl uepey
eleq pOo|d oM 6r969 02} LEOLD LE S8 TE0FLLS 1yBog|e
E1eq poojd oy EEET SLSLE'S 18 96ESEETL =yqng
eleq pOo|4 oM 01269 9T 8TLFT 501 91 46EBF0L (g-dlti-d
68886791 08€ 10" 997 80E58 481 ¥£'99LFBLEE uneypo
eleq pooj4 oM eoLsa e OF 185 95 ChSerOrsL (g-dlii-d
E1eq poojd oy vBLLZ SZL 99562 59 SPZLIFLGLL and Eneq
eleq pooj4 oM BFESS GEE LFEYFL Bl S5 ELEFFOOL eyeBingy
E1eq poojd oy =120 POo|d O rzoal'L ZELEBLETE peysg sbueg
eleq pooj4 oM E39FF € E6E5L 0 78 BE0EFED andyjeg ueseybipy
E1eq poojd oy SSLBEF Eleq poojd on SCZEVLBES ANg AOpL
eleq pooj4 oM 28566 | BlEq pooj4 oy 26 BEBEEDT EBluES LOg
10 pooid o 16695 61 Eleq pooid o TE'E/B9LE5 iemled
eleq pooj4 oM EELEEED BlEq pooj4 oy 83 69 FEEY qeing Bueyes
ES0FS £F L1674 15L Eleq pooid o 79'5/9/805 JsefEunys
eleq pooj4 oM 82811 S BlEq pooj4 oy 61 EESSALY efaiery
10 pooid o z1z589 Eled poojd oy 69 L6.FI0L elfen
eleq pooj4 oM LBFBE LT Sivir Bl 64 'S0EE04L uneys
10 pO0IS o 82551 04 | £009'ET 79 BEVE.LEF (z-dlli-d
FIEZE ZL L2259094L 850E5 69 B89°5EB/BF5C iefieyfieyy
Eleq pO0IS O EEzEE LL ES64L'S B9 7LIEEFL (i-dlli-d
¥i9TF LT 18BFF 6 G699l ¥l 29°588E55F eineqeq
0/078ZE LLELL D6 SL05LFT £0°DV/E628 ehainelag
9/510 /9 Br0B2 EOL €260 7L £F 2/9EE0L elag
LBLLYT L35EE 6 ELEFE L 1 1°"9E0065F efsualel
LOGEY £ BrELl Bl E£998E T L BEZBLEL wiyaIsEy Bmniepy
{60 320 wrL) (60 320 w60} {60.fne woz)
WIGS'EGL [BAB] 1BILM Iy "WIZY'FGL [8AB] 1BIEM XY "WIZJ TGl [BAB] 191EM 1Y

{-eu) eaie parepunu) pooiy -eu) eary abeln swen afiema swen Rolg

STIAIT HIALVM SNOIHVA LV VIVHVAITYA 40 NWIHLISNMOO NI HIAI YAHYHS HVIN STOVTIIA dILVaANNNI dooTd 40 1S

Ilages along Sharda River in downstream of Sharda Nagar at various water levels

dated vi

nun

List of flood i

Table -4

E1EQ POOId 0N
EIEQ POOIS 0N
ele paald o
eled paald o
eleq poold oy
eleq pooj3 oy
£l poojd oy
£l poojd oy
E1EQ POOId 0N
EIEQ POOIS 0N
eleq paald o
a0Ez1'0
¥3£59°6
0871256
eleg pooj3 oy
£l poojd oy
E1EQ POOId 0N
EIEQ POOIS 0N
EIEQ POOIS 0N
ele paald o
eleq poold oy
eleq pooj3 oy
eleq pooj3 oy
£l poojd oy
E1EQ POOId 0N
E1EQ POOId 0N
EIEQ POOIS 0N
ele paald o
eleq poold oy
eleq poold oy
eleq pooj3 oy
£l poojd oy
£l poojd oy
E1EQ POOId 0N
EIEQ POOIS 0N
10E00'0
eleq paaid o
2620011
6285165
TimEL)
59176°€)
BEL9EBE
SCS06 T
eleq pooid oy

9BERT EVL
E3eq pooi4 op
EIE( PO04 ON
E1Eq pOol4 0N
BEY09EL
15982 1¥7
EIE( PO04 ON
E1EQ PO0d N
E1Eq pOol4 0N
E1E( POO|4 Op)
E3eq pooi4 op
EIE( PO04 ON
E1Eq pOol4 0N
E1E( POO|4 Op)
E3eq pooi4 op
EIE( PO04 ON
E1Eq pOol4 0N
E1E( POO|4 Op)
B2 POo|4 Op)
E3eq pooi4 op
EIE( PO04 ON
E1Eq pOol4 0N
E1E( POO|4 Op)
968140
EIE( PO0I4 ON
63193827
E1E( POO|4 Op)
E3eq pooi4 op
LIGEG VS
EIE] PO0J4 ON
SETLE YL
E1E( POO|4 Op)
E3eq pooi4 op
EIE( PO04 ON
VSRBE 58T
SECEL¥E
E3eq pooi4 op
EIE PO0|4 ON
7=
E1E( POO|4 Op)

07288
20£05L
EVGIES
S0
L0968 F9
15886747
SLE02°8E
TTe05 LT
0/8/97C
Ova0e's
IWEZLE

E¥eQ pog|d on

Eyeq pooj4 Oy

Egeq pooj4 Oy
E12/97
5609
99607°02
96,568
8066607
OEFaE L
619/8°9E
SROCS 0
WWEIBT)
T9LYTIEL
9891069
£rs989

0881715
668187
E3e( pooi4 On

OEREC 6
[Pia 4]
BIGYE'G0E
OvEas |
151200
¥OSYC0
LiZrae0lL
SZB0E”LFS
Sicece
£1801°0
PYeLLYE
652607801
Zres0rsL
ACYSEVLT
88780°0C
OSEET 2F
089510
95506051
LATEEE
VBEESTY
£RIELT9T
99861 ZrL
SrL9F e
55605295
arlyrErl
B99IF LS

743
207IETLIS
6889160V
ZELBET0L
coLigal
£6020°021
810017636
AYPEEYLL
557697101
10521582
25676067}
VEBLZ BV
07752647
1252155
LT06LTTT
STPYEBOL

EIEQ POOI ON
EIEQ POOI4 ON
ele paald o
eled paald oy
eleq pooj4 oy
HOIES
LZ3LTEE
£l pooj3 oy
EIEQ POOI ON
EIEQ POOI4 ON
E030E'L
ele paald o
eleq poo4 oy
eleg pooj3 oy
eleg pooj4 oy
Eleq poojd oy
EIEQ POOI ON
EIEQ POOI4 ON
EIEQ POOI4 ON
ele paald o
eleq poo4 oy
eleq pooj4 oy
eleg pooj3 oy
£l pooj3 oy
EIEQ POOI ON
EIEQ POOI ON
EIEQ POOI4 ON
ele paald o
eleq pooj4 oy
eleq poo4 oy
eleg pooj3 oy
£l pooj3 oy
£l pooj3 oy
EIEQ POOI ON
EIEQ POOI4 ON
£1e paald o
ele paald o
eleq poo4 oy
eleg pooj3 oy
£l Po0j3 Oy
Eleq poojd oy
EIEQ POOI ON
EIEQ PO0I4 ON
yZz080
a0l ze
Wiy T
VISI601
eleq poald oy
[[izaq}
0LELLD
06655 £8
292LLESY
Bl po0j3 0N
£10 PO0JJ O
eI PO04 0N
ElEq Poo4 oy
el poald oy
Bl po0j3 0N
eI PO04 0N
ElEq Poo4 oy
el poald oy
el po0j3 0N
J0PEBEL
[reaired
ZEE0 Y
LIZIELS
9151027
GLEVEBIE
1819611
SPEFEILE
SCETL)
5142 %Y
15466907
65795
SUEIS L6
6CE96'18
TE09E BTE
OPL8z¥a
SEBB6 £5
12902 82
SSZEDBYE
65058 606
EFZIEVEL
6926 65
8/3/6'88)
SETEE'LL

96 BEEV0T L
£5 000VE6E
BE'ER/603
65788194
7 Av 00756
ShB1B/5E
09'£820897
59'¥BE95I9
[EETIEE]
¥ 1168506
54°8.£2503
BA0ELYFOT
6Y LLLE0ZE
VBESPIGES
| Fayaclt=laly
8171979907
19558V LER
155566211
418907981
82°1818F51
¥E'B002802
BA¥SIYEIT
EV'0LL619
OTEBEIELE
£l'galarar
LLEI9BLI
¥E 9900753
S7'5559551
A'ELS02ET
O BEEBSBE
98 ¥ZOPELT
86'£820807
07 S06LLEL
£9BELLIGY
L9 6YEZ 07
LAY 718
LETLELSALT
OE'BBELTBE
VELLLEOLE
By 99875¢ Y
£ LZEV LB
9E 0TV
9l zriiiar
FA515P7ar
¥l LBOEYSLE
9£'088E33G
La¥BLIFREL
Bl'6L4616
87 5arEQ9Y
HEBGIEEE
24471284750
Y ELL6BL6T
P TFEEEE
66'7/9569C
0% 005856
OE'SE04/£99
270280219
65Cheil08
S0°ZEZAT )
69979681
OZ SEOLYZE
550029928
SHTBSYGIT
01 'Z8£B60E
EL'Z5EROLY
9 ZavBLEY
CEEFL96.E
21'93/91801
GV BIFLELE
BE'ZZLZLLY
gr'cigioey
C¥'ELLELBOT
05 88057F 7
VABERERLE
80°595185C
87 CHELVET
0¥ EZ21BEY
2B T096557
0E'50950/1
ELGIBECLY
ZHESTIO
Z1GLAErSS
£179/9859¢F
419967895
B9'BELLLOY
SSELOPYLE

IndeleBes
euehng
eanle s ueies

eindieyg ehoy
Induepy

efuemag indisssen
uoefiuey]

iyl

WS IndiEsuEys, esnay
UEsUeS
ejaing

Ui pnewieg
eipig
indeuepie]
ineled
WpnouLEX
eundueug
LA EulEs
epeqpey|
jnedng
ehieieg

einy wiey
eiEies EnIER
Jeury
esnEpES)
EIB5] U
ouies
eunpuig
upo3
indjebingy
indiejeg
indiened
indeuypng
Indemnuey
1sEUEN

eduewiag ol

puEy
ehiueyneg emag
Ieyag saptie
ieieg
BIPLBITEYD nES)
indsenieH Jefeues|

e eleliep)

seinp] EAEdIS

uneyg indieypeyg
indeuLaues
epuEyiEg
G

w1 fuehjeing
indeinL
eueyIL
Induefing
ESELy Indisin]
indueier
ehinepsaq
WnElEyY
1EpO3]
elag
eineWy
i) indefey
Indesn|es
YpyEog)
sefiieg inchsjn].
Uy
enely
Eifelefuy
induwey
EC
BlIBYOS
[EOES
EnERy emauEy>
JeBeupuer
BUlEIng
andueseg
e1055]
JeBeuueiEg
eiasnen
eanyley
EodnEmnyS
Induiesny] ehiesyy
IndesuEwEmaL
indiefueg
nsebeq

eieneypleyeq ey indwey

eiyeg

pueqeieg

11| Page

Is.org

.1osrjourna

10.9790/0990-03210111

DOl



