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Unit:4. Flood: Definition, types and causes of flood - 
controlling factors of flood - Remote Sensing and 
GIS in flood mapping, prediction, warning, 
monitoring, flood preparedness, relief and 
rescue action, flood mitigation - Run-off 
Estimation: Soil Conservation Service 
(SCS)method- Flood scenario of India and Tamil 
Nadu - 2015 Chennai flood – Flood vulnerability 
mapping using historical flood data and post 
flood Remote Sensing data Detection of 
causative factors of flood - Remedial strategies 



India is the worst flood-affected country in the world after 

Bangladesh and accounts for one fifth of global death count 

due to floods.   

 

Around 40 million hectares of land in the country are subject to 

floods according to National Flood Commission, and an 

average of 18.6 million hectares of land is affected annually. 

The annual average cropped area affected is approximately 3.7 

million hectares.  

 

The most flood-prone areas in India are the Brahmaputra and 

Ganga River basins in the Indo-Gangetic-Brahmaputra plains in 

North and Northeast India, which carry 60 per cent of the 

nation’s total river flow.  

 

The other flood prone areas are the north-west region of west 

flowing rivers such as the Narmada and Tapti, Central India and 

the Deccan region with major east flowing rivers like Mahanadi, 

Krishna and Cauvery  



Heavy flood damages had occurred in the country during the 

monsoons of the years 1955, 1971, 1973, 1977, 1978, 1980, 1984, 1988, 

1989, 1998 and 2004. Highlights of the flood damages are given below: 



Though floods cannot be stopped, its damages can be 

minimized by proper management measures.  

 

Flood disaster management demands efficient planning 

measures, implementation and policy making decisions, 

application of modern scientific and communication 

tools for smooth functioning of the system 

 

For effective flood management, the concerned flood 

control departments require information at different 

phases of the flood disaster cycle  



FLOOD  

Flood is relatively high flow of runoff which 
overtakes the natural channel provided for the 
runoff Chow(1956). 

 

Flood is a body of water which rises to overflow 

land which is not normally submerged (Ward 

1978) 

 

Any high stream flow which overtops natural or 

artificial banks of a stream 



Types of Flooding 
 

Flooding  - according to their duration: 
 

1. Slow-Onset Floods 

Slow-Onset Floods usually last for a relatively longer period, it may last 

for one or more weeks, or even months. As this kind of flood last for a 

long period, it can lead to lose of stock, damage to agricultural 

products, roads and rail links. 

 

2. Rapid-Onset Floods 

Rapid-Onset Floods last for a relatively shorter period, they usually last 

for one or two days only. Although this kind of flood lasts for a shorter 

period, it can cause more damages and pose a greater risk to life and 

property as people usually have less time to take preventative action 

during rapid-onset floods. 

 

3. Flash Floods 

Flash Floods may occur within minutes or a few hours after heavy 

rainfall, tropical storm, failure of dams or levees or releases of ice jams. 

And it causes the greatest damages to society. 



1. Coastal Floods 

Coastal Floods usually occur along coastal areas. When there are 

hurricanes and tropical storms which will produce heavy rains, or 

giant tidal waves created by volcanoes or earthquakes, ocean water 

may be driven onto the coastal areas and cause coastal floods. 
 

2. Arroyos Floods 

A arroyo is river which is normally dry. When there are storms 

approaching these areas, fast-moving river will normally form along 

the gully and cause damages. 
 

3. River Floods 

This is the most common type of flooding. When the actual amount of 

river flow is larger than the amount that the channel can hold, river 

will overflow its banks and flood the areas alongside the river. And 

this may cause by reasons like snow melt or heavy spring rain. 
 

4. Urban Floods 

In most of the urban area, roads are usually paved. With heavy rain, 

the large amount of rain water cannot be absorbed into the ground 

and leads to urban floods. 

Floods - according to their location: 



Snowmelt is a gradual process and usually does not cause major 

floods. Glacial melt is usually slower than snowmelt and is not capable 

of causing severe flood. But sometimes glaciers hold large quantity of 

bounded water, which may be suddenly released with melting of ice 

block resulting into Glacial Lake Outburst Floods (GLOFs).  

 

The rivers originating from the Himalayas in the northern part of the 

country, which are also fed by snowmelt from glaciers, are prone to 

flash floods. In 1929, the outburst of the Chong Khundam glacier 

(Karakoram) caused a flood peak of over 22,000 m3 / second at Attock. 

Glacial outburst is one of the suspected reasons for the flash flood 

experienced in Sutlej River on the night intervening 31July and 1 

August 2000.  

 

The blockage in the course of the Parechu in China (Tibet) caused by 

the landslide in 2004 gave way in 2005 and caused severe flooding and 

damage to infrastructure in Himachal Pradesh. 

Snow-melt/Glacial Lake Outbursts Formation and 

Subsequent Bursting of Landslide Dams 



Littoral Drif t in River Estuaries 

The flood problems of deltaic regions are attributed to various 

causes like flatter slope of drains and back flow due to tides. Littoral 

drift of sand in the form of sand dunes formation and consequent 

choking of outfalls of rivers into the sea is one of the causes for 

flood in deltaic regions.  

 

The Biccavole and Tulabhaga drains in the Godavari eastern delta 

and the Panchanadi, Lower Kowsika, Vasalatippa and Kunavaram 

drains in Godavari central delta are 

some of the problem reaches. 



Cloudbursts 

Due to peculiar climatic conditions, some parts of the 

country experience sudden unprecedented heavy rain 

known as cloud bursts. 

Hilly areas in Himachal Pradesh, Uttarakhand, the 

northern areas of West Bengal, Sikkim, Arunachal 

Pradesh, Manipur, Mizoram, Meghalaya, Nagaland and 

Tripura and the coastal areas in the states of West 

Bengal, Orissa, Andhra Pradesh, Tamil Nadu, Karnataka, 

Kerala, Maharashtra and Gujarat and Union Territories 

(UTs) of Andaman and Nicobar Islands and 

Lakhshadweep are more prone to such phenomena.  



SOURCES OF FLOOD 

Primary – Atmosphere 

 

Secondary – Snow & Ice 

 Floods are physical phenomenon results from 

input of precipitation into a drainage basin 

 Flood Magnitude: Depends on nature of 

precipitation and drainage basin 



CONTROLLING FACTORS OF FLOOD 

A) Hydro – Meteorological 

  

 Excessive rainfall / sudden melt of snow 

B) Morphological factors 

  

  (i)  Drainage basin factor 

 

  (ii) River Channel factor 



DRAINAGE BASIN FACTOR 

Contributing Area 

Aerial extent of Basin / sub basin that receives rainfall 
(Semi arid and arid regions only part of basin gets rainfall Humid regions 

entire basin receives rainfall) 

 

Drainage Density (DD = Total stream length / area) 

 

Low DD – less runoff, increased infiltration and 

subsurface flow 

 

High DD- High erosion and high run off 

 

Climate 

 Dry climate – DD increases 

 Wet climate – DD decreases 



Basin Morphometry 
 

 Basin with equal shape – surface runoff tends to arrive  

simultaneously – flash flood 

 

       Elongated Basin – runoff arrives to mainstream at different  

          times – hence less flashy 

Peak Discharge 

 

 Flood likely to occur during maximum peak discharge to mean  

 annual discharge ratio 





DRAINAGE BASIN FACTOR 

Slope 

More Slope  – Runoff more, High erosion and overland 

flow  

Less slope -  less runoff, increased infiltration and 

subsurface flow 

 

Lithology 

 

Structure 

 

Geomorphology 

 

Lanuse/Landcover 



River Channel Factors 

Channel gradient and Bed Load 

 

Steep gradient  – carries coarse bed load causing 

channel, bank and flood plain erosion results in 

channel widening in downstream and finally causing 

flooding 

 

Gentle gradient – less bed load 

Channel Geometry 

 

 Bed rock rivers – uplifted plateaus – narrow and deep  

 - accommodate flood discharge 

 

 Alluvial rivers  - channel will be widen - flooding 
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   River channel factor controlling flood 

Semicircular 

Flow fast 

Wide channel 

Flow slow 

Rough bottom 

Flow slow 



21    Velocity 

   River channel factor controlling flood 



 Streams generally erode on outer (cut) banks 
where velocity is greatest, and deposit on the 
inner sides of bends where velocity is slower. 

Meanders tend to grow as the flow erodes the banks, favoring development 
of meandering channels. 
 



Youthful  stage of River 

Youthful stage 

Youthful stage 



 Mature stage of the River 

Mature stage 



Beach Ridges 

Mio-Pliocene sandstone 

Old Stage 

Gingee hills 

Kalveli Tank 

Old stage of the River 

Ponnaiyar delta 

Delta Development 



FP  

FP  

Stream  

River 

F.P 

Paired Flood plain 

 

Shifting river 

 

Northern bank prone for erosion 

 

Northern bank prone for flooding 

 

Southern half have poor Ground water  

 

Southern bank is emerging 

 

Unpaired Flood Plain 



Older Flood plain and Younger Flood plain 

River 

Younger F.P 

Older F.P 

 

 Show distinct two levels with contrasting tone 

    Reasons,   

 (i) Rise of land 

 (ii) Fall of sea level 

 (iii) Excessive daming 

 

 Resources / Environment 

 (i)   Younger Flood plain  -  better Ground water  

 (ii)  Younger Flood plain  - prone for flooding  

 (iii) Younger Flood plain - better recharge zone.  



Multi stage floodplains 

Older floodplain –  

less Groundwater 
Younger floodplain –  

Better Groundwater 



LOWER 

FLOODPLAIN 

UPPER 

FLOODPLAIN 

FLOOD PLAIN MORPHOLOGY & FLOODING 



Paired Flood Plain 



Water bodies  lobate 

Deltas  prone for 

heavy siltation – 

Tank breach flooding 

Lobate Delta 

– Vaigai 

Deltas & Flooding 



 Subsiding  deltas  Vellar & Flood 

Water Bodies 

Prone for Floods 



Palaeochannels  & 

Flooding 
 PC1
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DRINAGE ABBERRATION & Flooding 
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Damming & Flooding in Catchment 
Adjustment of Base Level to Changing Conditions 



Braided streams 

Rivers split up within mother channels 

  

Indicate dams in up stream 

 

Land emergence and seismicity 

 

 

BRAHMAPUTRA R 

showing Braided 

streams 

A network of converging and diverging streams separated from 

each other by narrow strips of sand and gravel. 

• High sediment load 

• Anastamosing channels 

• Constantly changing course 

• Floodplain completely occupied by 
channels 

• Many small islands called mid-channel 
bars 

• Usually coarse sand and gravel 
deposits. 



Geological Parameters 

 Neotectonic activity cause  

 

  River rejuvenation  

  Frequent changes in river courses 

  Braiding of channels  

  Meanders etc., 

 

Sediment Transport 

 Heavy sediment load due to intensive catchments erosion – 

 flooding in down stream 

   

Human Activities 

Improper landuse / land cover practises – increase runoff and  

                                                                                 soil erosion 

Deforestation – increase surface runoff and decrease  

                                             absorptive capacity  

Construction of dams at improper sites 

Lack of proper regulatory mechanisms 

Obstruction of free flow of water – embankments, bunds etc., 

    



Consequence of Flood 

 Excessive Soil Erosion, Landslide, etc. 

in Hilly region 

 Flash flood in Foot hill Region 

 River breach & Tank Breach in Plain 

and Coastal region 

 Excessive siltation in the reservoir 

 

 

 

 



FLOOD PREDICTION  

In humid regions 

 

Multi dated analysis of snow cap area 

Area of snow melt 

Thickness of snow melted 

Estimating approximate volume of water going to drain 

 

In Tropic and Sub- tropical regions 

 

Cloud cover analysis using INSAT  

Estimating approximate precipitation 

Comparing with Past periodical flood history  



FLOOD FORECASTING 

Identification of main tributary supplying flood water to the basin 

 

Collecting satellite driven rainfall estimates 

 

Rainfall data captured on ground 

 

A comprehensive communication network to transmit RS data along 

With automated ground observation  

 

Spatial information on catchments characteristics 

 Geology 

 Soil 

 Landuse / Land cover 

 

Preparation of rainfall runoff model 

 

DEM data of the area 

 

Using GIS – probable area of inundation 

 



Role of Remote Sensing and GIS 
 

Role of space applications in disaster management lies 

in its criticality to produce as well as disseminate the 

information on real/near real time basis.  

 

The developments in space technology offer 

tremendous technological potential to address the 

crucial information needs during mitigation and 

preparedness, response and recovery/ relief phases of a 

flood. 

 





During preparation phase 
 

Using historic satellite remote sensing data acquired during floods, 

it is possible to provide the chronically flood prone areas in the form 

of a map showing severely affected, occasionally affected, etc. 

 

Prior information on probable flood affected areas using 

hydrological models can be provided 

 

Using flood inundation models in GIS environment, optimum 

evacuation plans can be generated for carrying out rescue operations  

Role of Space Technology…. 



During floods, 

 

A flood map showing the spatial extent of the flood 

affected areas 

 

Flood damage statistics like district-wise flood affected 

area, submerged crop, marooned villages and length of 

submerged road/rail can be provided 

 

Satellite data can be used at regular intervals for updation 

of the flood condition on the ground in terms of 

flood progression, recedence and persistence 



The main components of flood mapping and monitoring  



Meteorological 

satellite KALPANA-

1 images over the 

country were 

collected to 

understand the 

cloud cover pattern. 

The cloud cover 

over the country 

from 18-21 August, 

2008 through a 

series of INSAT 

images  

FLOOD WATCH 



The rainfall distribution 

from Tropical Rainfall 

Measuring Mission (TRMM) 

merged products which are 

available on their website 

are also downloaded  



Water Level Data 

The water level data of rivers and its tributaries at various 

gauge recording stations is obtained from CWC on daily 

basis  

Location of gauge stations along river 

Brahmaputra in Assam 



Satellite Data Acquisition 

After the flood watch, the affected regions are identified and all 

the available satellites onboard covering the affected area are 

earmarked and coverage charts are prepared  







Satellite Data 

Analysis 

Optical remote sensors measure the reflectance from objects 

on the ground. Pure and deep-water bodies absorb most of the 

electro-magnetic energy and reflect very little energy. Flood 

water, because of different sediment concentrations, reflects 

considerable energy in different bands, including near infra red 

(NIR) region  

Optical Data 









Microwave Data 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  



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.  

We observe that for the 45º incidence angle case the water 

and land modes are easily separable with the proposed 
threshold, whereas the proposed threshold at 23º incidence 

angle introduce classification errors  



Histograms of two SAR images covering same area with 

different incidence angles (Left: 230 & Right: 450) 



FLOOD MAPPING  

Remote Sensing & GIS Based Methodology 

Before the onset of flood season, pre-flood satellite data over 

flood prone states are acquired and analysed.  

 

River banklines, permanent water bodies and active river 

channel are extracted using digitization tools. These datasets 

and layers will be used as master data sets for further analysis. 

 

Such pre-flood master layers are prepared every year for all the 

flood prone rivers in the country.  

 

The satellite data acquired during floods is geocoded with the 

respective master data sets.  



In case of optical data, supervised classification is performed 

using the infra red band by providing about 10 training 

classes in water at different pockets. A cloud mask and a 

cloud shadow mask are also prepared.  

 

Since signature of cloud edges mixes with the water 

signature, a model was developed to classify water and cloud 

using different spectral bands for AWiFS data  

 

 

 

 

 

 

 

 

 

Flow chart for pre-flood 

analysis of optical data 



In case of SAR data, sigma nought is generated and using 

variable threshold model, water is classified. Post editing 

tools are applied and final flood layer is prepared.  

 

The flood inundation layer is prepared by integrating the 

water layer with the pre-flood active river channel, permanent 

water bodies and river bank The flood inundation layer is 

prepared in 2-bit consisting of the pre-flood river bank, 

permanent water bodies, active river channel as one theme 

and flood layer as the second theme.  

 

A single-bit flood inundation layer is also generated for 

estimation of damage statistics. The final flood inundation 

layer is converted from raster to vector format for composition 

of a flood map and generation of damage statistics.  



Methodology for analysis of satellite data during floods 



Database Needed for Flood Mapping 

Generation of damage statistics 



Case Study – 2006 Floods in Bihar, India 

Bihar, the land-locked central Indian state that lies in the 

Gangetic basin, accounts for 16.5% of the flood-prone area 

and 22.1% of the flood-affected population in India. Out of 

94.16 Lakh ha of geographical area, 68.80 Lakh ha is flood 

prone and 30 out of 37 districts of Bihar are flood prone. 

 

The flood-prone area of Bihar has nearly tripled from 2.5 

million hectares in 1954 to 6.8 million hectares in 1994. 

 

 

 



River stream network in Bihar 



Continuous monitoring from 

June to Oct.,  2006 



















MAPPING OF LOW LYING AREAS AND WATER 

LOGGED AREAS USING DEM 

Digital Elevation Model of flood 

affected regions is a very important 

parameter in flood studies. With 

various limitations in optical and 

microwave data as discussed above, it 

is possible to overcome these with fine 

DEM 















CAUVERY RIVER IN TRICHY – THANJAVUR PLAINS 



SRTM DATA vs FLOOD INUNDATION 



CARTOSAT 

DEM of TRICHY 

URBAN  



SRIRANGAM TRICHY 

COLEROON 

CAUVERY 



ROCK FORT 5 Meters 10 Meters 15 Meters 



FLOOD DAMAGE ASSESSMENT  

Using pre and post flood data along with ground 

information Flood damage can be estimated 

 

Change detection between normal and flood flow 

 

DEM along with satellite data to identify flood 

inundated areas even under vegetation cover 

 

Landuse type wise flood risk assessment  

 

Microwave data – Since flood  is often associated with 

heavy cloud cover, the use of radar data from ERS, 

JERS and RADARSAT permits the imaging of flooded 

areas through the clouds  



FLOOD DAMAGE ASSESSMENT …. 

 

Mapping flood river configuration 

 

Most Indian rivers changes its course after flood, helps to 

erect flood control structures 

 

Mapping inundation and erosion prone areas 

 

Identification of drainage congested areas 

 

After flooding, waters are being get stagnated – delineate 

such basins and provide planning for draining and 

planning for future improvement 

 

 



FLOOD RISK ZONE MAPPING 

On the basis of past flood Classified as 

 

Prohibition zone : no building activities, only 

appropriate agriculture activities 

 

Restrictive zone : Building activities under proper 

preventive measures 

 

Warning zone     : Areas liable to inundation by large 

flood 

 

This can be easily done by using Remote sensing,  

DEM and GIS 



Run-off Estimation SCS-CN method 

The Soil Conservation Service (SCS) method developed United States 

Department of Agriculture (USDA), is another method used to estimate 

surface runoff from the rainfall.  This method takes into account the land use, 

hydrological soil cover and antecedent moisture conditions for predicting the 

yield from the basin. 



























FLOOD – TAMIL NADU 

 Tamil Nadu is one of the fast developing states 

with very high water demands 

 Hence it is a  state which is massively  mining 

surface  and groundwater resources   

 out of 388 blocks, more than 120 blocks fall  

under over exploited category  

 Thus, there is a serious water crisis in Tamil 

Nadu 

 The condition worsens due to inadequate rainfall  

Contd… 



 But, frequent floods occur in different parts of   

Tamil Nadu due  to  natural  & anthropogenic 

processes   

Natural  processes  are     

          ♣ Release  of excess water from Karnataka               

      during heavy rains and the resultant  

           floods in low lying areas of   Cauvery  basin  

          ♣ Rains in the Western Ghat regions and  

           flooding in rivers like Tamrabharani & Vaigai 

          ♣ Rains in the midland regions & flooding  

           (Floods 2005)  

Back Ground….Contd 

Contd… 



Anthropogenic reasons are 

Destruction of forest & vegetal cover    

Excessive soil erosion ,Siltation of 
reservoirs, river beds and tanks  

Choking of irrigation channels and supply 
canals, Unauthorized cultivation along 
irrigation channels 

Unauthorized encroachments of flood 
plains, irrigation channels, etc.,  

 Indistinct network of rivers, tanks and 
irrigation channels 

Weak / broken / damaged irrigation 
structures 

 

Back Ground….Contd 

Contd… 



Back Ground….Contd 

Contd… 

Weak / broken / damaged irrigation structures 

How ever  whether the floods are  due to  natural 
or anthropogenic  as  & when  it   occur , the only 
war footing action   is the   evacuation of the flood  
and push it into the   ocean irrespective of the  
water scarcity of   the  flooded areas 

Tamilnadu is  also not an exception for the   same 
, as there are no  concrete  plans for  flood  
mitigation  and    flood water   harvesting  
technology as well 



METHODOLOGY 

        Mapping of Flood prone areas coarsely by taking   

 (2005) Floods as example with the help of post Flood    

 “MODIS” (Moderate Resolution Imaging Spectro  

 Radiometer) satellite data 

 Identification of causative factors of Flood by GIS  

modeling of Flood vs  

     Rock types   Lineaments 

    Active tectonics   Geomorphology 

    Landuse/land cover  Groundwater level etc. 
 

  Feasibility of mitigation strategies 



Methodology………..contd… 

 

   Feasibility of Flood water harvesting 

 

     Flood budgeting 

     Identification of recharge windows 

     Estimation of allowable recharge 

     Detection of water surplus 

 

 Deficit water  

  

      Plans for insitu recharge 

     Plans for inter basin water transfer through optimal 

         routes  









Identification  of flood prone  areas  from  historical 

floods &  multi dated  satellite Data sets and creation 

of GIS  data bases 

Sample flood map – 

MODIS  data 



SALEM

MADURAI

CHENNAI

COIMBATORE

PUDUKKOTTAI

KANNIYAKUMARAI

FLOODS IN TAMIL NADU - 2005 



CHENNAI

PUDUKKOTTAI

MADURAI

PUDUKKOTTAI

Floods & Terrain Morphology  

Palaeochannels 

Geomorphic obstruction  

Graben 

Graben 

Upliftment of 

Miopliocene S.St 

Flash Flood 



Interface Dynamics 

between Flood and 

Geosystems 













MITIGATION STRATEGIES 

 Pump out and transfer water from flood prone to 

water starved basins 

 Check dams 

 Drainage reorganization  / create adequate 

drainages 

 Construction of protection walls 

 Depression of groundwater levels prior to 

monsoon to facilitate the faster infiltration of flood 

water, etc. 



FLOOD 

CONTROLLED BY 

ACTIVE FAULTS 

 Transfer to 

Other basins 



FLOOD 

CONTROLLED BY 

 DRAINAGE 

ANOMALIES 

 Check dam 

upper reaches 

 Transfer to 

Other basins 



FLOOD 

CONTROLLED BY 

 WATER LEVEL 

 Depress the 

water level 

 Transfer to 

other basin 



FLOOD WATER HARVESTING 

TECHNOLOGY 

♣       Selection of suitable sites  for recharge 

 

♣      Detection of site specific mechanisms (percolation ponds, 

         Check dams , furrowing, flooding,  pitting ,induced recharge 

         Hydofracturing etc 

 

♣      estimation of basin wise flood availability, allowable recharge 

        Push such acceptable  flood water in the respective basins 

 

♣    Transfer the surplus water  to the  water deficit  basins along optimal  

        routes 

 

♣     All these  require in depth geological studies  

        



FLOOD WATER HARVESTING TECHNOLOGY – through 

suitable site selection for Aritificial Recharge 



Site favourable for  

Artificial Recharge 

Site suitable 

for Furrowing 

& Flooding 

FLOOD WATER HARVESTING 

TECHNOLOGY – through suitable 

mechanism identification for Aritificial 

Recharge 



Site suitable 

for Percolation 

Pond 
Site 

suitable 

for 

Hydro 

fractures 

Pitting 

Clay  

Sand 

Site suitable 

for Pitting 

Site suitable 

for Enechelon 

Dam 

Site suitable for 

Check Dam 

FLOOD WATER HARVESTING 

TECHNOLOGY – through suitable 

mechanism identification for Aritificial 

Recharge 



OPTIMAL ROUTES FOR WATER 

TRANSFER   

 

 



Water Transfer 



DIVERSION OF 

FLOOD THROUGH  

BURIED RIVERS 

  



DROUGHT  



Drought  is  considered by  many to be  the most complex  but  

least  understood of  all  natural  hazards, affecting  more  

people  than  any  other  hazard  (G.Hagman  1984).  

Droughts  have  no  universal  definition.  As  drought  

definitions  are  region  specific,  reflecting  differences in 

climatic characteristics as well as incorporating different 

physical, biological and socio-economic  variables,  it  is  

usually  difficult  to  transfer  definitions  derived  for  one  

region  to  another  

However some of the common definitions for  drought  



The Director of Common Wealth Bureau of  Meteorology 

in  1965 suggested a broad definition of drought as 

“severe water shortage”.  

 

 

 

 

 

Definition  given  by  Palmer  states that  “Drought is  an  

interval  of  time,  generally  of the  order of months  of  

years  in  duration,  during  which  the  actual  moisture  

supply  at  a  given  place  rather consistently  falls  short  

of  the  climatically  expected  or  climatically appropriate  

moisture  supply (Palmer, 1965)  

According to  Mc Mohan and Diaz Arena (1982), “Drought 

is a period of abnormally dry weather sufficiently  for  the  

lack  of  precipitation  to  cause  a  serious  hydrological  

imbalance  and  carries connotations of a moisture 

deficiency with respect to man’s usage of water 



By  studying  the  above  definitions  it  can  be  understood  

that  drought  is  mainly  concerned  with  the shortage of water 

which in turn affects availability of food and fodder thereby 

leading to displacement and loss to economies as a whole.  

Droughts can be classified in four major categories:    

    Meteorological drought 

    Hydrological drought 

    Agricultural drought 

    Socio-economic drought 



Meteorological drought:  it  simply implies rainfall  deficiency 

where  the  precipitation  is reduced by  more  than  25%from  

normal  in  any given  area. These  are  region  specific, since 

deficiency of precipitation is highly variable from region to 

region.  

 

Hydrological drought: these are associated with the deficiency 

of water on surface or subsurface due to  shortfall in 

precipitation.  Although  all  droughts  have  their  origination  

from  deficiency  in precipitation,  hydrological  drought  is  

mainly  concerned  about  how  this  deficiency  affects 

components  of  the  hydrological  system  such  as  soil  

moisture,  stream  flow,  ground  water  and reservoir levels etc 



Agricultural drought: this links various characteristics of 

meteorological or hydrological drought to  agricultural  impacts,  

focusing  on precipitation  shortages,  differences  between  

actual  potential evapotranspiration,  soil,  soil  water  deficits,  

and  reduced  ground  water  or  reservoir  levels.  Plant water 

demand  depends on  prevailing weather conditions, biological  

characteristics of the  specific plant, and its stage of growth 

and the physical and biological properties of the soil.   

Socio-economic drought:  it  is  associated with the demand  

and supply aspect of  economic goods together  with  

elements  of  meteorological,  hydrological  and  agricultural  

drought.  This  type  of drought  mainly occurs  when  there  

the  demand  for  an  economic  good  exceeds  its supply  due  

to weather related shortfall in water supply  



A  relationship  between  the  meteorological,  agricultural  and  

hydrological  droughts 



Economic impacts  

Many  economic  impacts  occur  in  agriculture  and  related  

sectors,  including  forestry  and  fisheries, because  of  the  

dependence  of  these  sectors  on  surface  and  subsurface  

water  supplies.   

In  addition  to obvious losses in yields in crop and livestock 

production, drought is associated with increases in insect 

infestations, plant disease, and wind erosion. Droughts also 

bring increased problems with insects and diseases  to 

forests  and reduce growth.   

The incidence of forest fires increases substantially during 

extended droughts, which in turn places both human and 

wildlife populations at higher levels of risk.  



Environmental Impacts  

Environmental  losses  are the  result of   

 Damages to  plant  and  animal  species,  

wildlife  habitat, and  air and water  

quality  

  Forest  and  range fires 

 Degradation  of landscape  quality;  

 Loss of  biodiversity  and  

 Soil erosion 



Social Impacts  

Social impacts involve public safety, health, conflicts 

between water users, reduced quality of life, and 

inequities in the distribution of impacts and disaster relief.  

Population  migration  is a significant  problem  in many 

countries, often stimulated by a greater supply of food 

and water elsewhere.  

Migration is usually to urban  areas within the stressed 

area, or to regions outside the drought area. Migration 

may even be to adjacent countries.  

The  drought  migrants  place  increasing  pressure  on  

the  social infrastructure of the urban areas, leading to 

increased poverty and social unrest.   



History of droughts in India and Gujarat  

Agriculture  in India is  often  seen  as  a  gamble  on  summer 

monsoon  rainfall.  Summer monsoon  rains constitute the 

greatest climatic  resource of the  Indian subcontinent as these 

rains support not only the country’s  agriculture  and  food  

production but substantially contribute  to  power generation  

(H.P.Das 2000).   

Thus success or failure of the crops and economy are intimately 

linked with prospects of good or  bad  monsoon 

The Indian subcontinent is predominantly characterized by a 

tropical monsoon climate, where climatic regimes  are  

governed  by  the  differences  in  rainfall,  rather  than  

temperatures.  



There are two monsoon systems operating in the 

region- the southwest or summer monsoon and the 

northeast or the winter monsoon.  

The summer monsoon accounts for 70 to 90 percent 

of the annual rainfall over major parts  of  South  Asia  

(Krishnamurthy  and  Shukla,  2000).   

There  is  a  large  variability  in  the  monsoon 

rainfall on both space and time scales.  

 

 

 

some part of the country or the other almost every 

year during the monsoon period (June-September).  

 

 



The drought of 1987 was one of the worst in the century. The 

monsoon rainfall was normal only in 14 out of  35  

meteorological sub-divisions  in  the  country.  The overall  

deficiency in  rainfall was  19% as compared to 26% in 1918 

and 25% in 1972 being worst years.  

Agricultural operations were adversely affected in 43% (58.6 

million ha) of cropped area in 263 districts in 15 States and 6 

Union Territories.  

In the two worst affected states of Rajasthan and Gujarat, the 

rainfall was less than 50% from normal.  

In  these  states,  the  drought of  1987  was  the  third  or  

fourth  in  succession  resulting  in  distress  to  an 

unprecedented  level.  Gujarat  is  one  such  state  where  

drought  occurs  with  unfailing  regularity 





The  monsoon  of  2000  was  the  13th  consecutive  normal  

monsoon considering country as a whole, but on a regional 

basis, this was the third consecutive drought year in areas 

covered by the states of Rajasthan, Gujarat and Andhra 

Pradesh 
In 1999, as many as 98 out of a  total of  225 blocks  in  the  

state  received  less  than  50%  of  the  season's  expected 

rainfall.  In  1999, Gujarat faced the worst drought of the past 

100 years. Some  7,500 villages spread over 145  blocks in 

15 districts were severely affected. The state has been hit by 

the worst drought in 100 years. More than 25  million  people  

living  in 9,000 villages  of  17  of  the 25 districts have been 

hit.  

Almost  all  water  sources have dried up; there is no food for  

the people and no  fodder for over 7 million cattle. The water 

table in drought affected Saurashtra, Kutch and northern 

Gujarat is said to be falling by 10-15 feet each year 

(Bavadam 2001).  



Drought risk evaluation  

Risk assessment involves evaluation of the significance of a 

risk, either quantitatively or qualitatively.  

Risk assessment/evaluation according to Kates and 

Kasperson (1983) comprises of three steps: 

  

• Identification of hazards, which may cause 

disasters.  

• Estimation of risks arising out of such events and  

• Estimation of losses  



Meteorological drought indices and drought 

detection 

Drought indices have been developed as a means to measure 

drought. A drought index assimilates thousands of data on 

rainfall, snow pack, stream flow and other water-supply 

indicators into a comprehensible picture.  

 

There are several indices that measure how much 

precipitation for a given period of time has deviated from 

historically established norms.  

 

Some of the widely used drought indices include Palmer 

Drought Severity Index (PDSI), Crop Moisture Index (CMI), 

Standardized Precipitation Index (SPI), and Surface Water 

Supply Index (SWSI). 



In 1965, W.C. Palmer developed an index to measure the 

departure of the moisture supply (Palmer,1965).  

 

The Palmer Drought Severity Index (PDSI) is to provide 

standardized measurements of moisture conditions so 

that comparison could be made between locations and 

between months.  

 

The PDSI is a meteorological drought index that is 

responsive to abnormal weather conditions either on dry 

or abnormally wet side.  

 

The index was specifically designed to treat the drought 

problem in semiarid and sub humid climates; with palmer 

himself cautioning that extrapolation beyond these 

conditions may lead to unrealistic results. 

Palmer Drought Severity Index (PDSI) 



Three years after the introduction of his drought index, 

Palmer (1968) introduced a new drought index based 

on weekly mean temperature and precipitation known 

as Crop Moisture Index (CMI). It was specifically 

designed as an agricultural drought index  

Crop Moisture Index (CMI). 

It measures both evapotranspiration deficits (drought) 

and excessive wetness (more than enough 

precipitation to meet evapotranspiration demand and 

recharge the soil). 

 

CMI is designed to monitor short-term moisture 

conditions affecting a developing crop; therefore CMI 

is not a good long-term drought-monitoring tool.  



Standardized Precipitation Index (SPI) 

The purpose is to assign a single numeric value to the 

precipitation that can be compared across 

regions  

Tom Mckee, Nolan Doesken and John Kleist of the Colorado 

Climate Centre formulated the SPI in 

1993  



Shafer and Dezman (1982) to complement the Palmer Index 

for moisture conditions developed the Surface Water Supply 

Index (SWSI).  

 

This index compliments the Palmer index for moisture 

condition.  

 

It is dependent on the season; SWSI is computed with only 

snowpack, precipitation, and reservoir storage in the winter. 

During the summer months, stream flow replaces snowpack 

as a component within the SWSI equation. 

Surface Water Supply Index (SWSI) 



Satellite based drought indices for drought characterization 

Drought indicators assimilate information on rainfall, stored 

soil moisture or water supply but do not express much local 

spatial detail. Also, drought indices calculated at one location 

is only valid for single location. Thus, a major drawback of 

climate based drought indicators is their lack of spatial detail 

as well as they are dependent on data collected at weather 

stations which sometimes are sparsely 

distributed affecting the reliability of the drought indices (Brown and Reed et al. 2002).  Satellite derived drought indicators calculated from satellite-

derived surface parameters have been widely used to study 

droughts. Normalized Difference Vegetation Index (NDVI), 

Vegetation Condition Index (VCI), and Temperature Condition 

Index (TCI) are some of the extensively used vegetation 

indices. 



Normalized Difference Vegetation Index (NDVI) 

Tucker first suggested NDVI in 1979 as an index of vegetation 

health and density  

NDVI is defined as:  NDVI= (NIR-RED)/ (NIR+RED) 

NDVI is a good indicator of green biomass, leaf area index, 

and patterns of production (Thenkabail and Gamage et al. 

2004, Wang and Wang et al. 2004).  

 

NDVI is the most commonly used vegetation index. It varies 

from +1 to -1. Since climate is one of the most important 

factors affecting vegetation condition, AVHRR- NDVI data 

have been used to evaluate climatic and environmental 

changes at regional and global scales 

Where, NIR and RED are the reflectance in the near infrared 

and red bands. 



It can be used not only for accurate description of continental land 

cover, vegetation classification and vegetation strength but is also 

effective for monitoring rainfall and drought, estimating net primary 

production of vegetation, crop growth conditions and crop yields, 

detecting weather impacts and other events important for 

agriculture, ecology and economics (Singh &Roy et al. 2003).  

 

NDVI has been used successfully to identify stressed and damaged 

crops and pastures but only in homogenous terrain. In more 

heterogeneous terrain regions their interpretation becomes more 

difficult (Vogt et al. 1998; Singh et al.2003).  

 

Many studies in the Sahel Zone (Tucker et al 2005), Argentina 

(Sullivan et al.1998), SouthAfrica (Unganani & Kogan, 2004) and 

Mediterranean (Vogt et al., 1998), and Senegal (Li. et al.,2004) 

indicate meaningful direct relationships between NDVI derived from 

NOAA AVHRR satellites, rainfall and vegetation cover and biomass. 



Vegetation Condition Index (VCI) 

It was first suggested by Kogan (1997) (Thenkabail et 

al.2004; Vogt et al. 1998).  

 

VCI is an indicator of the status of the vegetation cover as a 

function of the NDVI minimum and maxima encountered for a 

given ecosystem over many years.  

VCI is defined as:  

VCIj = (NDVIj- NDVImin) / (NDVImax- NDVImin) *100 

Where, NDVImax NDVImin is calculated from long-term 

record for a particular month and j is the index of the current 

month. The condition of the ground vegetation presented by 

VCI is measured in percent.  



The VCI values between 50% to 100% indicate optimal or above 

normal conditions whereas VCI values close to zero percent 

reflects an extreme dry month. 

VCI has been used by (Kogan and Unganani) for estimation of corn 

yield in South Africa; drought detection in Argentina (Sullivan et al 

1998); drought monitoring over India (Singh et al.2002); monitoring 

droughts in the southern Great Plains, USA (Wan et al.2004); 

drought detection and monitoring in the Mediterranean region (Vogt 

et al.2000) and drought assessment and monitoring in Southwest 

Asia (Thenkabail et al. 2004). 

These studies suggest that VCI captures rainfall dynamics better 

than the NDVI particularly in geographically non-homogeneous 

areas. Also, VCI values indicate how much the vegetation has 

advanced or deteriorated in response to weather.  

 

It was concluded from the above studies that VCI has provided an 

assessment of spatial characteristics of drought, as well as its 

duration and severity and were in good agreement with precipitation 

patterns. 



Temperature Condition Index (TCI) 

TCI was also suggested by Kogan (1997), (Thenkabail et al. 

2004). It was developed to reflect vegetation response to 

temperature i.e. higher the temperature the more extreme the 

drought.  

 

TCI is based on brightness temperature and represents the 

deviation of the current month’s value from the recorded 

maximum. TCI is defined as: 

TCIj= (BT max- BTj)/ (BTmax- Btmin) *100 

Where BT is brightness temperature. Maximum and minimum 

BT values are calculated from the long-term record of remote 

sensing images for a particular period j  



Low TCI values indicate very hot weather.  

 

TCI has been used for drought monitoring in the USA, 

China, Zimbabwe and the Former Soviet Union.  

 

A study in Argentina for drought detection revealed that 

TCI was useful to assess the spatial characteristics, the 

duration and severity of droughts, and were in good 

agreement in precipitation patterns (Seiler et al.1998).  

 

TCI has been related to recent regional scale drought 

patterns in South Africa (Kogan, 1998). 









METHODOLOGY 



RAINFALL vs NDVI (1981-2000) 







Advanced Microwave Scanning Radiometer - Earth 

Observing System (AMSR-E)  





QSCAT daily maps of 

surface water increase 

due to precipitation  

the SeaWinds 

scatterometer 

aboard the 

QuikSCAT satellite 

(QSCAT).  



Global scenario on Remote Sensing use for Drought 

The normalised difference vegetation index (NDVI) and 

temperature condition index (TCI) derived from the 

satellite data are accepted world-wide for regional 

monitoring. 

The ongoing program on Africa Real-Time Environmental 

Monitoring using Imaging Satellites (ARTEMIS) is 

operational at FAO and uses METEOSAT rainfall 

estimates and AVHRR NDVI values for Africa. 

The USDA/NOAA Joint Agricultural Weather Facility 

(JAWF) uses Global OLR anomaly maps, rainfall map, 

vegetation and temperature condition maps from GOES, 

METEOSAT, GMS and NOAA satellites. 



Canada issues weekly crop condition reports based on 

NOAA AVHRR based NDVI along with agro meteorological 

statistics 

National Remote Sensing Agency, Department of Space 

issues biweekly drought bulletin and monthly reports at 

smaller administrative units for India under National 

Agricultural Drought Assessment and Monitoring System 

(NADAMS) which uses NOAA AVHRR and IRS WiFS 

based NDVI with ground based weather reports. 


