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1. Introduction
Drought is a condition of moisture deficit sufficient to have an adverse effect 
on vegetation, animals and human being over a sizable area. In the past, 
India has experienced twenty four large scale droughts in 1891, 1896, 1899, 
1905, 1911, 1915, 1918, 1920, 1941, 1951, 1965, 1966, 1972, 1974, 1979, 
1982, 1986, 1987,1988, 1999, 2000, 2002, 2009 and 2012 with increasing 
frequencies during the periods 1891-1920, 1965-1990 and 1999-2012. During 
1900-2012, 14 droughts have occurred, with 1061 million people affected 
and 2441 million dollar economic loss (Source: EMDAT). Drought can have 
economic, environmental and social impacts. Droughts are very different 
from the more attention grabbing hazards such as tsunamis and earthquakes 
in a variety of significant ways. It differs from other disasters, in following 
aspects (DAC, 2009):
 • No universal definition
 • Very slow onset
 • Duration ranges from months to years
 • No single indicator or index can characterize drought
 • Large spatial extent
 • Impacts are generally non-structural and difficult to quantify
 • Impacts are cumulative
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Prolonged dry conditions are a natural part of life in the Southwest. Past 
records from tree-rings indicate that the Southwest has experienced protracted 
“mega” droughts that lasted about 50 years, a duration unlike the 1950s and 
2000s droughts that caused economic losses to agriculture, ranching, industry 
and many other sectors. Because of recurring drought, many efforts have been 
made to minimize its impacts on human activity. The Colorado River, for 
example, stores about four years of water supply to buffer the effect of several 
consecutive years of below-average streamflows. However, some sectors are 
more vulnerable to drought than others, and drought can appear rapidly after 
just one season of below-average precipitation. It is critical to monitor drought 
to help local governments, resource managers, and many other groups make 
effective decisions. Several outputs produced at the national and regional level 
help to inform people living in the region about current and future conditions.

In India, National Commission on Agriculture (1976) has categorized 
drought into three types, viz., Meteorological Drought, Hydrological Drought 
and Agricultural Drought. In meteorological terms, a drought is “a sustained, 
regionally extensive, deficiency in precipitation”. In quantitative terms, 
definitions could vary among countries and regions. In India, the definition 
for meteorological drought adopted by the India Meteorological Department 
(IMD) is a situation when the deficiency of rainfall at a meteorological sub-
division level is 25% or more of the long-term average (LTA) of that sub-
division for a given period. The drought is considered “moderate”, if the 
deficiency is between 26 and 50 per cent, and “severe” if it is more than 50 per 
cent. Hydrological drought is a prolonged meteorological drought situation 
resulting in depletion of surface water from reservoirs, lakes, streams, rivers 
and fall in groundwater levels causing severe shortage of water for livestock 
and human needs. Agricultural drought is a situation when rainfall and soil 
moisture are inadequate during the crop growing season to support healthy 
crop growth till maturity, causing crop stress and wilting. It is defined as a 
period of four consecutive weeks of severe meteorological drought with a 
rainfall deficiency of more than 50 per cent of the LTA or with a weekly 
rainfall of 5 mm or less during the period from mid-May to mid-October (the 
Kharif season) when 80% of the country’s total crop is planted, or six such 
consecutive weeks during the rest of the year. 

Probability of occurrence of drought in different regions of India
 • In the northwest region of India, the probability of moderate drought varies 

from 12 to 30% and that of severe drought varies from 1 to 20% in most of 
the parts and about 20-30% in the extreme north-western parts.

 • In west central India, the probability of moderate drought varies from 5 to 
26% and that of severe drought varies from 1 to 8%.

 • In the peninsular region, the probability of moderate drought varies from 3 
to 27%, and that of severe drought varies from 1 to 9% in major parts.

 • In the central northeast region, the probability of moderate drought varies 
from 6 to 37% and that of severe drought varies from 1 to 10%.
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 • In the northeast region, the probability of moderate drought varies from 1 
to 26% and that of severe drought varies from 1 to 3%.

 • In the hilly region, the probability of moderate drought varies from 9 to 
31% and that of severe drought varies from 1 to 12% except in Leh and 
Lahul & Spiti.

The frequency of deficient rainfall over different regions of the country is 
presented in Table 1. 

Table 1: Frequency of deficient rainfall over different regions of the country

	 Regions	 Frequency	of	deficient	rainfall
	 	 (75%	of	normal	or	less)

 Assam Very rare, once in 15 years
 West Bengal, Madhya Pradesh, Konkan, Bihar Once in five years
 and Orissa 
 South interior, Karnataka, Eastern Uttar Pradesh
 and Vidarbha Once in four years
 Gujarat, East Rajasthan, Western Uttar Pradesh Once in three years
 Tamil Nadu, Jammu & Kashmir and Telangana Once in 2.5 years
 West Rajasthan Once in two years

In this article, the focus will be on agricultural drought and its monitoring, 
with special emphasis on the rainfall situation of 2012.

2. Agricultural Drought Assessment 
Traditionally, as there is no definite and precise way to pinpoint the beginning 
and end of a drought event, the identification of certain critical parameters 
and indicators for drought and tracking these historical indicators to analyze 
for the frequency, duration and spatial extent of arid periods provide crucial 
means of monitoring drought events. 

2.1 Meteorological Indicators and Indices 
for Drought Monitoring

Rainfall is the most important factor influencing the incidence of drought and 
practically all definitions use this variable either singly or in combination 
with other meteorological elements. Typically most of the indicators are 
based on meteorological and hydrological variables, such as precipitation, 
evapotranspiration, stream flows, soil moisture, reservoir storage, and 
groundwater levels. Various indices were developed to meet the needs for 
more accurate indication of the conditions leading to the different types of 
drought risks. Few of them are given below:
 • Aridity	Anomaly	 Index: Aridity Index (Thornthwaite and Mather, 1955) 

is the percentage of annual water deficit to annual water need or annual 
potential evapotranspiration. Aridity Anomaly Index is the departure of 
aridity index value from normal, expressed in percentage. 
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 • Standardized	 Precipitation	 Index	 (SPI): The SPI is an index based on 
the probability of recording a given amount of precipitation, and the 
probabilities are standardized so that an index of zero indicates the median 
precipitation amount. Half of the historical precipitation amounts are 
below the median, and half are above the median. The index is negative for 
drought, and positive for wet conditions. 

 • Palmer	Drought	Severity	 Index	 (PDSI): The PDSI, known operationally 
as the Palmer Drought Index (PDI), was devised by Palmer (1965). It uses 
temperature and precipitation data to calculate water supply and demand, 
incorporates soil moisture, and is considered most effective for unirrigated 
cropland.

 • Crop	Moisture	Index	(CMI): It measures the degree to which crop water 
requirements are met.

 • Moisture	Adequacy	Index	(MAI): MAI is based on calculation of weekly 
water balance and is equal to the ratio of Actual evapotranspiration and 
Potential evapotranspiration.

There is a limitation of using rainfall and its indices as agricultural drought 
indicator. Many studies have proved that spatial and temporal distribution of 
rainfall is more important than total rainfall in a season or month. Rainfall as 
an agricultural drought indicator is limited by the sparse ground observations 
as well as lack of spatially and temporally unique relationship between 
incident rainfall and vegetation development.

2.2 Drought Monitoring by India Meteorological 
Department

India Meteorological Department (IMD) monitors the incidence, spread, 
intensification and cessation of drought (near realtime basis) on a weekly time 
scale over the country based on Aridity Anomaly Index. It also issues weekly 
drought outlook, based on this index, which indicates the impending drought 
scenario in the country in the subsequent week. Based on aridity anomaly 
index, weekly aridity anomaly reports and maps for the southwest monsoon 
season for the whole country and for the northeast monsoon season for the five 
meteorological sub-divisions, viz. coastal Andhra Pradesh, Rayalseema, south 
interior Karnataka, Tamil Nadu & Pondicherry and Kerala, are prepared and 
sent to various agricultural authorities of State and Central governments and 
research institutes on operational basis for their use in agricultural planning 
purposes. The maps are also uploaded in the departmental website. These 
aridity anomaly maps/reports help to assess the moisture stress experienced 
by growing plants and to monitor agricultural drought situation in the country.

2.3 Space Technology for Agricultural Drought Monitoring
Unlike point observation of ground data, satellite-based sensors provide direct 
spatial information on vegetation stress caused by drought conditions and the 
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information is useful to assess the spatial extent of drought situation. Satellite 
remote sensing is widely used for monitoring crops and agricultural drought 
assessment. Satellite observations can also have a high re-visit frequency over 
the same geographical area, allowing intra and inter seasonal comparisons 
of data collected over time. Space technology has become a global potential 
tool for detection and mitigation of natural disasters like drought and the 
availability of long-term satellite data enhance the accuracy of hazard 
detection, monitoring and impact assessment (Kogan, 2001). 

The drought monitor of USA using NOAA-AVHRR data (www.cpc.
ncep.noaa.gov), Global Information and Early Warning System (GIEWS) 
and Advanced Real Time Environmental Monitoring Information System 
(ARTEMIS) of FAO using Meteosat and SPOT-VGT data (Minamiguchi, 
2005), International Water Management Institute (IWMI)’s drought assessment 
in southwest Asia using MODIS data (Thenkabail et al., 2004) and NADAMS 
drought monitoring in India with IRS-WiFS/AWiFS and NOAAAVHRR data 
(Murthy et al., 2007) are the proven examples for successful application of 
satellite remote sensing for operational drought assessment.

Various Indices from Satellite Data for Drought Monitoring
In optical remote sensing (RS), the typical reflectance pattern for a healthy 
vegetation shows high absorption due to chlorophyll, at red region and 
high reflection due to leaf internal structure, at near-infrared (NIR) region. 
Additionally, there are strong water absorption bands in short-wave infrared 
region (SWIR), i.e. at 1450 and 1950 nm. Using these contrast characteristics 
of near-infrared, red and short-wave infrared bands which indicate both the 
health and condition of the crops/vegetation, different types of vegetation 
indices (arithmetic combinations of reflectance in different bands) have been 
developed. 

Some of the important vegetation indices which are typically used for 
crop stress detection and drought assessment are given below.
 • Normalized	Difference	Vegetation	Index: NDVI is derived as (NIR – Red)/

(NIR + Red), where NIR and Red are the reflected radiation in visible and 
near-infrared channels. The NDVI values for vegetation generally range 
from 0.1 to 0.6, the higher index values being associated with greater green 
leaf area and biomass.

 • Crop	Water	Stress	Index: Jackson et al. (1977) used canopy temperature 
(Tc) minus air temperature (Ta) as an index to study the water status of 
the crops. The Crop Water Stress Index (CWSI), derived from Tc – Ta 
versus the air vapour pressure deficit, was found to be a promising tool for 
quantifying crop water stress. 

 • Vegetation	 Condition	 Index	 &	 Temperature	 Condition	 Index (Kogan, 
1995): While VCI is the percentage of NDVI with respect to its maximum 
amplitude, TCI is the percentage in brightness temperature (derived from 
channel 4 of NOAA AVHRR) with respect to its maximum amplitude. 
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 • Vegetation	Index/Temperature	Trapezoid: Moran et al. (1994) used NDVI 
to take into account vegetation cover and computed the Water Deficit Index 
(WDI) using the scatter plot of Tc – Ta against NDVI. 

Water absorption bands in short-wave infrared (SWIR) region have also 
been used to assess vegetation water status. Such indices are:
 • Normalized	Difference	Infrared	Index [NDII = (R850 – R1650)/(R850 + R1650)] 

by Hardisky et al. (1983) 
 • Normalized	Difference	Water	Index [NDWI = (R850 – R1240)/(R850 + R1240)] 

by Gao (1996). Higher values of NDWI signify more surface wetness. 
 • Shortwave	Angle	Slope	Index (SASI) parameterizes the general shape of 

the NIR–SWIR part of the spectrum. SASI, originally called as SANI, is 
based on a combination of NIR, SWIR1 and SWIR2 bands of MODIS 
(Palacio-Orueta et al., 2006). 

 • ANIR	(Angle	at	NIR) is a combination of reflectance values in the Red, NIR 
and SWIR1 (1240 nm) bands (Khanna et al., 2007). 

2.4 National Agricultural Drought Assessment and 
Monitoring System (NADAMS)

‘National Agricultural Drought Assessment and Monitoring System 
(NADAMS)’ project was conceptualized and developed by the National 
Remote Sensing Centre (NRSC), ISRO, Department of Space. It provides 
near real-time information on prevalence, severity level and persistence of 
agricultural drought at state/district/sub-district level. Currently, it covers 
13 states of India, which are predominantly agriculture based and prone to 
drought situation. Under this agricultural conditions are monitored at state/
district levels using daily NOAA AVHRR data. AWiFS (Advanced Wide Field 
Sensor) of Resourcesat (56 m resolution) is used for detailed assessment of 
agricultural drought at sub-district level in four states. Fortnightly/monthly 
report of drought condition is provided to the Government agencies under 
NADAMS. From the year 2012, the NADAMS project is being implemented 
by the Mahalanobis National Crop Forecast Centre (MNCFC), Ministry of 
Agriculture, after the technology was transferred to MNCFC by NRSC. 

In NADAMS, maximum value compositing of NDVI/NDWI for the 
period of 15 days and one month is carried out. Drought assessment is done on 
fortnightly and monthly basis. The assessment of agricultural drought in each 
district/taluk/block/mandal takes into consideration the following factors.
 1. Seasonal NDVI/NDWI progression
 2. Comparison of NDVI/NDWI with previous normal years by computing 

relative deviation and Vegetation Condition Index (VCI)
 3. Weekly rainfall status compared to normal
4. Progression of sown area

The relative NDVI/NDWI deviation from that of normal and rate of 
progression of NDVI/NDWI from month to month gives the indication 
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about the agricultural situation in the district or sub-district which is then 
complemented by ground situation as evident from rainfall and sown area. 
Concept of drought assessment in NADAMS is depicted in Fig. 1. 

Fig. 1: Approaches for drought assessment under NADAMS programme.

3. Agricultural Drought Assessment for 2012
3.1 Rainfall Situation in 2012
The monsoon onset over Kerala in 2012 was four days later than the normal 
date. The sluggish advance during the month of June resulted in below normal 
rainfall (Fig. 2) during the crucial sowing phase of agriculture in general. For 
the country as a whole seasonal rainfall at the end of south-west monsoon 
season (June to September) was 820 mm against 887 mm of normal rainfall 
i.e. deficit of 8% at the country level (Pai and Bhan, 2012). During the 
season, 13 out of 36 meteorological sub-divisions received deficient rainfall 
while 41% of meteorological districts received deficient or scanty rainfall 
(Fig.  3). The rainfall activity over the country as a whole was below normal 

Fig. 2: Daily mean rainfall (mm) over the country as a whole (2012).
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Fig. 3a: Sub-division-wise rainfall (mm) and 
deviations. (Source: IMD)

Fig. 3b: District-wise rainfall deviations during June to 
September. (Source: MNCFC; Data	Source: IMD)
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in June, slightly below normal in July, normal in August and above normal in 
September.

During 2012 monsoon season drought in the early part and flood in the 
latter part of season were witnessed. There was large variability in the dates 
of advance of monsoon over different regions and also the quantum and 
distribution of rainfall which had a direct bearing on the sowing operations of 
kharif and subsequent crops over many regions of the country. Late arrival, 
slow progress towards north-west and frequent breaks, persistent deficiency 
till end of July, three weeks late withdrawal, cloud bursts and floods in late 
September were the main characteristics of the 2012 south-west monsoon. 
Although rainfall deficiency was somewhat made up during second week of 
July, normal rainfall area had progressed from 10% to 36% till end July.

Eight meteorological sub-divisions namely west UP; Saurashtra and 
Kutch; Punjab; Gujarat region; Haryana, Chandigarh and Delhi; Himachal 
Pradesh; north interior Karnataka and south interior Karnataka were most 
affected and did not witness more than five weeks normal to excess rainfall 
during this period. However two sub-divisions namely Punjab and Haryana, 
Chandigarh & Delhi were most seriously affected throughout the entire season 
with only 2 and 3 weeks witnessing normal to excess rainfall, respectively.

Most of the sowing operations for the kharif crops start in mid June 
and continue up to mid of August, thus making this period most important 
for crop production activities. Twelve meteorological sub-divisions namely 
Saurashtra & Kutch; Haryana, Chandigarh & Delhi; Punjab; west Rajasthan; 
east Rajasthan; east UP; west UP; Gujarat region; Himachal Pradesh; Madhya 
Maharashtra; south interior Karnataka and Kerala were most seriously 
affected.

Out of these twelve sub-divisions (except west Rajasthan which received 
normal rainfall in the first week i.e. week ending 13th June), in first six 
meteorological sub-divisions the rainfall was deficient to scanty up to week 
ending 15th of August when most of the crops are sown. Similarly other sub-
divisions also suffered from deficient rains. In some of the sub-divisions 
where normal rains occurred during second week of August, it again followed 
a long dry spell thereby affecting the crop sowing. 

3.2 Aridity Anomaly
The bi-weekly Aridity Anomaly Map for 2012 developed by India 
Meteorological Department is presented in Fig. 4. It showed that in the month 
of June a major part of the country was under severe and moderate arid 
condition, because of the delay in monsoon. The condition improved in July 
and August. However parts of Gujarat, Maharashtra and Rajasthan remained 
under moderate/severe arid condition.

3.3 Remote Sensing Based Assessments
Based on various remote sensing derived products and meteorological data 
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the monthly agricultural drought assessment was carried out for 2012. The 
October drought assessment map is presented in Fig. 5 and the number of 
districts under each state is given in Table 2. As can be seen from the map, the 

Fig. 5: Agricultural drought assessment for kharif, 2012 carried out under NADAMS 
programme. 

Table 2: Number of districts under various agricultural drought conditions during 
kharif, 2012 as assessed under NADAMS programme

	 State	 Normal	 Mild	drought	 Moderate	drought

 Andhra Pradesh 13 5 4
 Bihar 31 6 0
 Chhattisgarh  15 0 0
 Gujarat 13 3 9
 Haryana 8 5 7
 Jharkhand 22 0 0
 Karnataka 8 7 15
 Maharashtra 18 5 10
 Madhya Pradesh 45 0 0
 Odisha 30 0 0
 Rajasthan 24 2 6
 Tamil Nadu 20 10 0
 Uttar Pradesh 69 0 0
 Total 316 43 51
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Fig. 6: Mandal-level agricultural drought assessment for Andhra Pradesh state during 
kharif, 2012 carried out under NADAMS programme.

moderate drought condition was prevalent in Rajasthan, Gujarat, Maharashtra, 
Andhra Pradesh and Karnataka. The total number of districts under moderate 
condition was 51, while that under mild drought conditions were 43. Mandal 
level drought assessment had also been carried for Andhra Pradesh state 
(Fig. 6), which showed 164 mandals in moderate drought condition and 203 
mandals in mild drought condition, while the worst hit districts were Anantpur 
and Kadapa. 

4. Operational Agromet Advisory Service for 
Management of Drought during Monsoon 

Integrated Agromet Advisory Service scheme under the aegis of India 
Meteorological Department (IMD), Ministry of Earth Sciences (MoES) is 
operating in the country with an objective to serve the farming community 
at different parts of the country. Agro-meteorological service is a step 
to contribute to weather information-based crop/livestock management 
strategies and operations dedicated to enhancing crop production and food 
security even in extreme weather conditions like drought, flood, cyclone etc. 
Under this project IMD has started issuing quantitative district level (612 
districts) weather forecast upto five days from 1st June, 2008. These forecasts 
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are communicated to 130 AgroMet Field Units (AMFUs) located at State 
Agriculture Universities (SAUs), institutes of Indian Council of Agriculture 
Research (ICAR) etc. for preparation of district level agromet advisories 
twice a week.

Advisories based on medium range weather forecast are valid for five 
days. The forewarning of weather helps the farmers to decide the timing 
of farm operations, e.g., land preparation, tillage, planting, transplanting, 
thinning, weeding, irrigation, harvesting, application of insecticides, 
herbicides, fungicides, and fertilizer; type of tillage, depth of planting, density 
of planting; and choice of crops and crop varieties. Special advisories are 
being generated under drought condition based on the realised weather, 
weather forecast and contingent planning specific to the crops at a particular 
location. Some of the examples of advisories issued under drought conditions 
in 2002 are given below.

In north interior Karnataka the normal date of onset of monsoon was 
delayed by 2-6 days and upto 18th July the monsoon was deficient by –37%. 
In central dry zone and north transition zone, early sown crops were under 
moisture stress due to insufficient rainfall. Under such condition, sowing 
of short duration varieties of tobacco, groundnut, maize, cowpea and 
sunflower was suggested instead of normal crops. In north dry zone, sowing 
of contingent crops viz. onion, cucumber, ridge gourd, sesamum, maize, 
sunflower, niger, castor, bajra, groundnut (spreading), pigeon pea, horse 
gram or cowpea were recommended. In south interior Karnataka, rainfall 
deficiency of –50% was noticed. Crops which were sown earlier (20% area), 
during first fortnight of May, were withering and in remaining 80% of the 
normal sown area, advisories were communicated for postponing of sowing. 
Sowing of medium duration varieties like red gram, finger millet, maize and 
sunflower was suggested instead of groundnut after revival of monsoon. In 
Maharashtra and Marathawada, in view of deficient rain during earlier part 
of the season farmers were advised to undertake sowing of kharif bajra, tur, 
sunflower, castor, soybean, sesamum instead of regular kharif crops, with 
the help of available moisture in the field. In Bihar, farmers were advised 
to avoid transplanting in upland areas and to undertake sowing of til (var. 
Krishna), intercropping of maize (Suwan) + urd (T-9, Pant U-31, Pant U-19) 
instead of that. Also transplanting of short duration varieties in medium 
land and medium duration varieties in low land situation were suggested. In 
Gujarat, due to delay in onset by 7-26 days, deficient rainfall was received in 
Gujarat region (–49%) and Saurashtra and Kutch (–72%). In north Gujarat 
zone, contingency measures like adoption of short duration varieties or early 
maturing varieties of guar, cluster bean, cow pea, mung and green gram were 
suggested to farmers. In Saurashtra and Kutch, farmers were suggested to 
undertake rice cultivation with SRI techniques with irrigation facilities and 
select short duration varieties of castor and sesame and fodder crops like 
forage maize. In semi-arid eastern plain zone of Rajasthan, sowing of short 
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duration varieties of oilseed and pulses was suggested in place of cereals. 
In Haryana, as a contingency measure, sowing of short duration varieties of 
bajra, sorghum, guar, green gram, urd, arhar and moth was suggested. In west 
Rajathan farmers were advised to undertake sowing of fodder bajra, cluster 
beans and pulses in place of cereals with receipt of rainfall.

5. Conclusion
Drought is a major disaster for India, considering majority of Indian agriculture 
is rainfed. Because of the complexities in its initiation and impact, it is difficult 
to characterize drought with a single indicator/index. It has been tried to 
study drought using large number of agro-meteorological and remote sensing 
based indices. 2012 was a rainfall deficient year. The assessment carried out 
under NADAMS programme (using an integrated approach) and the India 
Meteorological Department (using Aridity Anomaly Index) showed a good 
agreement in the overall agricultural drought situation and had highlighted 
the areas under various agricultural drought conditions. India being a vast 
country with diverse climate, in general, the country experiences drought 
every season in some part of the country. The other two recent years that 
India faced the agricultural drought were 2002 and 2009, which experienced 
moisture stress during the sowing period. Different variants of drought have 
different impacts on crop growth, ultimately impacting the food security of 
the nation. Hence, there is a need to study the drought in an integrated manner 
and use a composite index for drought assessment.
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