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ABSTRACT 

 

Floods are one of the frequent and highly destructive natural hazards 

throughout the world. According to the National Flood Commission, about 40 million 

hectares of land in India is prone to floods. Accurate spatial and temporal information 

about the potential hazards and risk of flood are essential to assess the extent and 

severity of damage caused by the floods, and for economic evaluation of flood control 

measures. This paper describes use  of the remote sensing applications in flood hazard 

monitoring and flood risk warning, with particular reference to the Indian Space 

Research Organization (ISRO) / Department of Space (DOS) activities in supporting 

the flood management using satellite remote sensing data. 
 

Keywords: Remote Sensing, Flood, Damage, Microwave remote sensing, Flood 

mapping. 

 

1.  INTRODUCTION 

 

Remote sensing facilitates the flood surveys by providing the much needed 

information for flood studies. Satellite images acquired in different spectral bands during, 

before and after a flood event can provide valuable information about flood occurrence, 

intensity and progress of flood inundation, river course and its spill channels, spurs and 

embankments affected/ threatened etc. so that appropriate flood relief and mitigation measures 

can be planned and executed in time.  

Poor weather condition generally associated with the floods, and poor accessibility 

due to the flooded water makes the ground and aerial assessment of flood inundated areas a 
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difficult task. Application of satellite remote sensing helps to overcome these limitations. 

Through the selection of appropriate sensors and platforms, remote sensing can provide 

accurate and timely estimation of flood inundation, flood damage and flood-prone areas. 

 

2. APPLICATION OF REMOTE SENSING IN FLOOD 
 

Identification of flood affected areas is an important input for making strategy for 

efficient management of floods. The severity and scale of flood management works depends 

upon the magnitude of flood prone areas and frequency of occurrence of flooding in the area. 

Analysis of satellite remote sensing data is a powerful tool for identification and Quantification 

of water spread area. Advantages of the information acquired by satellite remote sensing are 

its synoptic coverage, receptivity, near real time data availability and ease of data collection 

before, during and after the flood event. Various satellites having sensors operating both in the 

optical as well as in the microwave range of the Electro Magnetic Spectrum at different spatial 

resolutions can be used for obtaining valuable information on flood affected/waterlogged 

areas. WiFS sensor, which has got wide swath of about 810 km and a receptivity of 5 days, 

proves to be very effective in monitoring flood affected areas at the state level, while LISS - 

III and PAN sensors can be used to provide the details for the affected area.  (NageshKumar, 

2014)With IRS-1D and P6 in orbit, the effective receptivity of WiFS sensor is thrice in five 

days. However, one of the major disadvantages of the optical sensors is the non-availability of 

cloud-free data during monsoon season because of adverse cloud conditions. Microwave data 

from ERS and RADARSAT have got cloud penetration. Capability and can effectively be used 

in such cases for flood mapping (NageshKumar, 2013).  

The advantage of using radar data over the optical data is its ability to penetrate cloud 

cover and also data acquisition during day and night. Water surfaces are generally smooth at 

radar wavelengths and can be regarded as specular reflectors which yield small backscatter. 

The surrounding terrain is assumed to be rough at radar wavelengths which exhibits diffuse 

scattering with moderate backscatter, as shown in Figure 1. Hence, water is regarded as low 

intensity areas whereas the surrounding terrain corresponds to brighter intensities. The 

backscatter depends on the frequency, incidence angle, polarization and is sensitive to the 

ripples on the water surface induced by wind waves. Thresholding is the traditional method of 

detecting flooding in open areas. Intensities below the threshold are regarded as flood or open 

water, whereas pixels with intensities above the threshold are regarded as dry land. The 

threshold will depend on the contrast between the land and water classes, and generally needs 

to be set for each SAR scene (Bhanumurthy, 2010). 

Satellite remote sensing coupled with Geographical Information System (GIS) has a 

powerful role in monitoring and mapping flood inundated and drainage congested areas. 

Remote sensing data acquired in the visible, near infrared (IR) and short-wave infrared (SWIR) 

regions have shown encouraging results in providing information on spatial pattern of flood 

inundation. Both pre- and post-monsoon period data are required for delineation of flood 

inundation and flood affected areas. The flood inundation mapping through computer-assisted 

digital analysis approach, is based solely on their spectral response pattern as seen in the image 
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or as portrayed in the changes in spectral radiance or brightness temperature values of space-

borne multi-spectral data. This, in turn, is a cumulative effect of terrain’s relief, vegetation 

cover, wetness, etc. In False Colour Composite (FCC), water is represented by dark blue or 

black colour. Colour of shallow water slightly changes from dark blue to light blue. Flooding 

is confined in the flood prone areas in low-lying areas, local depressions and lower element of 

the slope. Such areas have either standing water or a thin film of water or surface wetness 

during flood season while they remain almost dry during pre-monsoon seasons. The base data 

showing the administrative boundaries, population details, agricultural activities, important 

places, communication networks and other infrastructure details may be prepared well in 

advance of the monsoon season. The availability of satellite data may be prepared well in 

advance. Various satellites having sensors which operate both in optical as well as in microwave 

region of Electro Magnetic Spectrum at different spatial resolutions (Table 1) can be used for 

obtaining information regarding the availability of satellite data. The reference map of all the 

individual satellites are readily available and are used for identifying the path and row numbers 

of the satellite coverage in the area of interest. Based on the orbital calendar of the satellite, 

the date of pass of satellite can be known in advance. Following table shows details of various 

satellites & sensors for monitoring & mapping of flood inundation (PurbaGS, 2013). 

 
Figure 1: Scattering mechanisms of water bodies and dry land 

 

Table 1: Details of various satellites & sensors for monitoring & mapping of flood inundation. 
Optical/Micowave Satellite Sensors Spatial resolution in meters Revisit period in days 

Optical 

IRS-1C/ 1D LISS-III 

WiFS 

PAN 

23.5 

188 

5.8 

24 

5 

24 

IRS-P5 PAN 2.5 24 

IRS-P6 LISS-III 

AWiFS 

LISS-IV 

23.5 

56 

5.8 

24 

5 

24 

LANDSAT 6 TM 30 16 

Microwave 

ERS 1,2 C Band 30 16-18 

RADARSAT* C Band 

System 

100 

(ScanSAR wide) 

3 (at mid latitudes) 
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With the start of monsoon, the news/information regarding the flood prone areas are 

closely watched. The updates from flood forecasting agencies of State and Central Government 

organizations should also be monitored. In case of any information regarding flooding in the 

area of interest, the availability of satellite data can be ascertained and the quality of data (clear 

and cloud free) may also be checked in the web site of National Remote Sensing Agency 

(NRSA) and the necessary arrangements may be formalized well in advance with NRSA to 

get the satellite data within 24-48 hours.  

 

3.  FLOOD ANALYSIS USING REMOTE SENSING DATA 

 

Remote sensing data applications in flood analysis are identified:  

 Flood mapping  

 Near real-time monitoring of floods  

 Flood hazard mapping  

 River studies: mapping of river bank erosion and river course change  

 Flood damage assessment  

 

3.1. Flood mapping 

 

Mapping of the flooded areas using optical images is based on the fact that water 

absorbs or transmits most of the electromagnetic energy in the NIR and MIR wavelengths, 

which results in less reflection and in turn a dark color on FCCs. Optical remote sensing 

techniques, though provide very fine spatial resolution, are less capable of penetrating through 

the clouds, which limit their application in bad weather conditions. This is particularly a 

problem in flood monitoring. Use of microwave remote sensing techniques, with its all-

weather capability greatly compliments the existing optical images to overcome this. Water 

surface provides specular reflection of the microwave radiation, and hence very little energy 

is scattered back compared to the other land features. The difference in the energy received 

back at the radar sensor is used for differentiating, and to mark the boundaries of the water 

bodies. 

 

Case Study-Assam flood 2016 

 

The third wave of floods was reported in Assam state due to incessant rains during 

first week of July, 2016. Golaghat, Dhemaji, Lakhimpur, Jorhat, Sonitpur & Sibsagar districts 

were reported to be affected during the third wave of flooding. Brahmaputra, Dikhow, Dhansiri 

(South) and Jia-Bharali rivers are flowing in Moderate flood situation with steady trend. 
 

NRSC analyzed satellite datasets of July 5, 2016 and July 7, 2016 and the flood 

inundation information was disseminated to the concerned Nodal Ministries, Central and 

Assam State Govt. departments. The following satellite images show pre & post flood situation 

in part of districts. 
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3.2 Near real-time monitoring of floods  
 

In case of a flood in India, using satellite remote sensing techniques, maps showing 

the flood affected areas and flood damage statistics in near real time are provided by NRSC. 

In addition, using different sources of information, the rainfall activity and subsequent flood 

condition are monitored on a daily basis. For example, India Meteorological Department 

(IMD) provides climate and rainfall related information, numerical weather prediction models 

etc. which help in generating flood warnings as well as in flood management. Also, the near-

real time meteorological data from KALPANA-1 images are used to study the cloud cover, and 

hence to indicate the possibility of heavy rainfall and flooding under certain situations. High 

resolution rainfall data is also available from TRMM, which may be used to tune the 

hydrological models to arrive at better prediction, facilitating near real-time monitoring of 

floods.  

 

Case Study- heavy rain forecast 

 

Fig  shows the Infrared images obtained from the Kalpana-1 on 1/08/2016, which 

shows thick cloud over the North east region & Bay of Bengal. The heavy rainfall that occurred 

subsequently caused heavy flood damage in the area. 
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3.3 Flood hazard mapping  
 

Flood hazard map of an area shows the areas likely to be inundated during floods of 

different magnitudes and with specific return periods. Such maps help to identify the area most 

vulnerable to frequent flood. Appropriate measures can be taken to regulate the development 

activities in such areas so as to minimize the damages in case of a flood Remote sensing data 

can be used to identify the flood affected areas continuously over a long period. 
 

Case Study-Figure shows flood hazard map of Kishanganj district of Bihar every year 

this area is heavily affected by flood due to Kosi river  (Assessment Report Bihar Kosi Flood, 

2010). 
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3.4  River studies: Mapping of river bank erosion and river course change  
 

Satellite remote sensing data have also been used for analyzing the changes in the river 

morphology, embankment breach river course change etc. caused by the high intensity flood 

waves. The post flood satellite data can be analyzed to delineate the active river channel and 

river bank lines. These may be used further to determine the extent of erosion and deposition. 
 

Case Study- Brahmaputra River Bank Erosion, Assam 
 

For studying the erosion problem in Marigaon district post flood satellite data sets of 

1987-91 and 1990-1998 were selected since high floods have occurred during 1988 and 1998. 

All the satellite data were geometrically rectified to the master map base for positional 

accuracy. Image enhancement techniques were applied on all the individual satellite data 

scenes to obtain better contrast among the features especially between land and water. The 

river configuration along with bank lines was delineated consisting of active river channel, 

sand and island. The bank lines were intersected to identify and estimate the amount of erosion 

and deposition at different pockets along the main Brahmaputra in Marigaon district in GIS 
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environment. Figure shows post flood satellite data of 1987 and 1991 and the corresponding 

bank erosion map derived from the data set. 
 

 
 

Figure : (a) Landsat –TM satellite image of 1987, (b) Landsat –TM satellite image of 1991 and (c) Bank 

erosion maps derived from 1987 & 1991 satellite data 
 

3.5.Flood damage assessment  
 

Flood inundation maps may be used for the assessment of the damage caused due to 

the flood. Overlaying the administrative boundaries and the land use/ land cover map helps to 

identify the properties damaged due to the inundated water, crop area submerged, damage 

caused to the rail and road network etc. 
 

4. CONCLUSION  
 

Remote Sensing Techniques using Satellite Imageries is most reliable and scientific 

method in evaluation of flood affected area and the damages. 
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